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Literature review

The livestock and poultry production industry, regulatory agencies,
and researchers lack a current, science-based guide and data base
for evaluation of air quality mitigation technologies. Data collected
from science-based review of mitigation technologies using prac-
tical, stakeholders-oriented evaluation criteria to identify knowl-
edge gaps/needs and focuses for future research efforts on tech-
nologies and areas with the greatest impact potential is presented in
the Literature Database tab on the air management practices tool
(AMPAT). The AMPAT is web-based (available at www.agronext.
iastate.edu/ampat) and provides an objective overview of mitigation
practices best suited to address odor, gaseous, and particulate
matter (PM) emissions at livestock operations. The data was com-
piled into Excel spreadsheets from a literature review of 265 papers
was performed to (1) evaluate mitigation technologies performance
for emissions of odor, volatile organic compounds (VOCs), ammonia
(NH3), hydrogen sulfide (H,S), particulate matter (PM), and green-
house gases (GHGs) and to (2) inform future research needs.
© 2016 The Authors. Published by Elsevier Inc. This is an open access
article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Specifications Table

Subject area Agricultural and Biological Sciences, Engineering, Environmental Sciences

More specific Air Pollution Control, Livestock Production Systems
subject area

Type of data Figures, tables

How data was Literature Review of 265 articles up to 2014 [1-265]
acquired

Data format Raw

Experimental The literature database construction started with compiling literature with the use
factors of online scientific databases, such as Web of Science. Database searches were

performed with the keywords: odor, air quality, livestock, poultry, swine, dairy,
beef, volatile organic compounds, ammonia, hydrogen sulfide, greenhouse gas,
emissions, mitigation, housing, manure storage, and manure land application.
Experimental The literature review consisted of four steps including (1) compilation of literature,
features (2) review of experimental information (reference, experimental design, technol-
ogy performance, scope of study, etc.), (3) compilation and organization of study
information into standardized spreadsheets, and (4) evaluation of technology and
coding for mitigation performance.
Data source Department of Agricultural and Biosystems Engineering at lowa State University,
location Ames, Iowa 50011, USA
Data accessibility Data is within this article.

Value of the data

e This data is the most comprehensive performance summary of air pollution control technologies
applicable to livestock production systems. This data was collected from 265 published sources
[1-265].

® Researchers and regulatory agencies need a summary and repository of air pollution mitigation
technologies data.

® This data can help livestock producers make better decisions on technologies that are available to
solve their emissions problems.

® Air pollution mitigation data is grouped by livestock and poultry species, and laboratory, pilot, and
farm scale proven performance. This data shows where the knowledge gaps are in regards to
emissions mitigation.

® This data shows what tradeoffs may have to be considered in implementing a particular mitigation
technology.

1. Data

The data presented here is organized reduction values from the literature in regards to livestock
emissions mitigation technologies. The data is organized in three Excel files based on the source of
emissions: Animal Housing, Land Application and Manure Storage and Handling. Within each file
there are four worksheet tabs corresponding to an individual livestock species: Swine, Poultry, Dairy
and Beef. Under each species tab there are multiple tables corresponding to a mitigation technology.
Within each table there are multiple literature references pertaining to that technology along with
the observed reductions in emissions from each reference. Emission reductions in each table corre-
spond to one of six emissions areas: Ammonia, Hydrogen Sulfide, Odor, Dust/Particulates, Volatile
Organic Compounds, and Greenhouse Gases.

The data contains 467 technology entries with 670 emissions inputs from 265 papers [1-265].
Many papers contained data on more than one animal/poultry species, technology and/or an air
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Table 1
Farm/Field Scale-Tested Technologies with Emissions Reductions Greater Than 66%. (See Tables 2-5 and Supplemental Material
for more detailed data).

Species NH; H,S Odor PM VOCs CO, CH4 N0 COzeq
Swine scrubbers, biogas col- barriers, biofilters  biofilter, NA urine/feces solids injection/
urine/feces lection/ aeration, injection/ separation, removal incor-
separation, purification imperme- incorpora- aeration, poration
aeration, able covers, tion solids
solids permeable removal
removal, covers
injection/
incorpora-
tion and
timing
Poultry landscaping NA barriers NA NA NA NA NA NA
Dairy NA biofilters, aeration, NA aeration, NA NA NA NA
aeration,  imperme- imperme-
imperme- able covers able covers
able covers
Beef injection/ NA NA stocking NA NA NA manure NA
incorpora- density treatment
tion

Note: NA=None available or not performing at this level.

pollutant emission. Of those 670 emissions inputs, only ~35% of data pertain to farm/field-scale
testing. Similarly,~19% of data in the manure storage and handling category,~63% in the manure
land application category, and ~43% in the housing category pertain to farm/field-scale. Technologies
that were tested at farm/field-scale and had reported emissions reduction > 66% shown in Table 1.
These technologies are also highlighted with green color in data (i.e., in three Supplemental Material
spreadsheets for Animal Housing, Land Application, and Manure Storage & Handling, respectively).
Selected summary of data for the average % reductions in this database is shown in Tables 2-5. Table 1
summarizes technologies that had % reductions > 66% for at least one target air pollutant. The fol-
lowing list is a count of specific data categories out of the 467 technology inputs:

243 for Swine

81 for Poultry

86 for Dairy

57 for Beef

191 for Housing

199 for Storage and Handling
77 for Land Application

The 670 emission inputs consisted of:

207 for Ammonia

57 for Hydrogen Sulfide

102 for Odor

50 for Dust/PM

36 for VOCs

52 for Carbon Dioxide

82 for Methane

71 for Nitrous Oxide

13 for Carbon Dioxide Equivalents
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Complete data can be accessed from public repository: The Air Management Practices Tool
(AMPAT) available at Extension and Outreach website, http://www.agronext.iastate.edu/ampat/.

2. Experimental design, materials and methods
The literature review consisted of four steps (Fig. 1) including (1) compilation of literature,
(2) review of experimental information (reference, experimental design, technology performance,

scope of study, etc.), (3) compilation and organization of study information into standardized

Table 2
Swine - selected data summary

Spec
ies Source Technology Scale Target Emission Percent Reduction

H,S Odor PM VOCs CO, CH,; N,O CO.eq

All Scales
Barriers Farm/Field

Scale

All Scales
Biofilters Farm/Field

Scale

All Scales
Landscaping Farm/Field

Scale
Oil All Scales
Sprinkling/Spr
aying/Additiv.  Farm/Field

:"i":'al es Scale
ousing All Scales
Scrubbers Farm/Field
Scale
Urine/Feces Al ScaI?s
S . Farm/Field
egregation
m Scale
: All Scales
UV Light Farm/Field
o =
Scale
; Biogas All Scales
m Collection/ Farm/Field
Purification Scale
All Scales
Aeration Farm/Field
Scale
Anaerobic Al Scalgs
. X Farm/Field
Digestion
Scale
All Scales
Manure o1 00sting Farm/Field
Storage Scale
and Al Scal
Handling Diet ca -es
. . Farm/Field
Manipulations
Scale
All Scales
Impermeable X
Farm/Field
Covers
Scale
All Scales

Landscapin
ping Farm/Field


http://www.agronext.iastate.edu/ampat/
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Table 2 (continued )

Scale
Manure ?“ Sc;aéfesld
Additives arm/ie
Scale
Permeable Al Scalfas
Farm/Field
Covers
Scale
All Scales
Solids Farm/Field
Scale
Urine/Feces Al Scal§s
. Farm/Field
Segregation
Scale
N All Scales
Injection/ .
Manure | . Farm/Field
ncorporation
Land Scale
Applicati All Scales
on Timing Farm/Field
Scale

Note: Only technologies for which emissions reduction > 66% were reported for at least one target air pollutant category were
included in this table. Values are averages of comparable data across literature in the database. Percent reductions color coded
in gray scale by 33% intervals with > 66%: White, < —66%: Dark Gray and No Data: Black. Negative values indicate increase in
emissions.

spreadsheets, and (4) evaluation of technology and coding for mitigation performance. The literature
database construction started with compiling literature with the use of online scientific databases,
such as Web of Science.

Database searches were performed with the keywords:

1. Odor, air quality, livestock, poultry, swine, dairy, beef, volatile organic compounds, ammonia, hydrogen
sulfide, greenhouse gas, emissions, mitigation, housing, manure storage, and manure land application.

The compiled literature was then reviewed and relevant information regarding the experiments
conducted, technologies used, emission that were measured, reduction of those emissions, year of
publication, DOI or link to literature, cost of implementing the technology, and full reference were
extracted. The extracted information was then compiled in standardized spreadsheets according to
species and source of emission: housing, manure storage and handling, or manure land application
(Fig. 2). If percent emission reductions were not explicedly given in the literature it was calculated if
enough other information was avalible using Eq. (1).

. Treated
0 —_— N —
%oReduction = (1 Control) x 100 €))

The % reductions for each target emission were color coded in the spreadsheets for quich visual indi-
cation of relative effectiveness.
The color coding was broken down into three air pollution mitigation technology performance sections:

1. red= < 33% reduction,
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Table 3
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Poultry - selected data summary

Table 3. Poultry - Selected Data Summary

Species Source

Technology Scale

Target

Percent Reduction

Odor PM

. All Scales
Barriers )
Farm/Field Scale
All Scal
Biofilters ca jes
Farm/Field Scale
Animal . All Scales
. Landscaping
Housing Farm/Field Scale
All Scal
> Scrubbers r c/a:sld scal
arm/Field Scale
b All Scales
ofd UV Light
— Farm/Field Scale
s All Scal
Acidification 2 ?S
o Farm/Field Scale
. All Scales
m Manure Composting )
Storage Farm/Field Scale
and Impermeable Al Scales
Handling  Covers Farm/Field Scale
All Scal
Scrubbers caes
Farm/Field Scale
Manure iecti All Scales
Land Injection/ )
Application Incorporation Farm/Field Scale

VOCs CO, CH, N,O

70

35 |90 |

40

75 0
79

79

70 0
70 0

Note: Only technologies for which emissions reduction > 66% were reported for at least one target air pollutant category were
included in this table. Values are averages of comparable data across literature in the database. Percent reductions color coded
in gray scale by 33% intervals with > 66%: White, < —66%: Dark Gray and No Data: Black. Negative values indicate increase in

emissions.

Table 4

Dairy - selected data summary

Table 4. Dairy - Selected Data Summary

Species Source Technology Scale Target Percent Redu
NH; H,S Odor PM VOCs COo,
Animal L All Scales 44
. Biofilters X
Housing Farm/Field Scale 59
Acidification Al Scal.es
Farm/Field Scale
. All Scales
Aeration )
Farm/Field Scale
> " All Scal
S Manure Composting ca ?5
omm Storage Farm/Field Scale
m and Impermeable All Scales
Q Handling  covers Farm/Field Scale
All Scal
Manure Additives cales
Farm/Field Scale
All Scal
Permeable Covers @ .es
Farm/Field Scale
Manure iecti All Scales
Land :ruect'lun/t-i
Application ' "orPoration Farm/Field Scale

Note: Only technologies for which emissions reduction > 66% were reported for at least one target air pollutant category were
included in this table. Values are averages of comparable data across literature in the database. Percent reductions color coded
in gray scale by 33% intervals with > 66%: White, < —66%: Dark Gray and No Data: Black. Negative values indicate increase in

emissions.
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Table 5
Beef - selected data summary

Table 5. Beef - Selected Data Summary

Species Source Technology Scale Target Emission Percent Reduction
H,S Odor PM VOCs CO, CH,
All Scal
Manure Permeable Covers @ ‘es
Storage Farm/Field Scale
and All Scales
G ; Stocking Densit
Handling 8 v Farm/Field Scale
Injection/ All Scales
Incorporation Farm/Field Scale
Manure
m - All Scales
Land Timing )
Application Farm/Field Scale
Manure All Scales 48
Treatment Farm/Field Scale 48

Note: Only technologies for which emissions reduction > 66% were reported for at least one target air pollutant category were
included in this table. Values are averages of comparable data across literature in the database. Percent reductions color coded
in gray scale by 33% intervals with > 66%: White, < —66%: Dark Gray and No Data: Black. Negative values indicate increase in
emissions.
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Swine - Animal Housing

Problem Area Effects st
Volatie
Hydrogen Dust/ Organic  Greenhouse
Techndlogy Year DOI Reference Ammaonia Sulfide Odor Parficulates _Comj Gases Cost. Notes

Kristiansen, A, Pedersen, K., Nieisen, P 1..
hitp/idx doi-1 Nieisen, L P_, Nieisen, J. L, Schramm, A_ 2011
10 Biofiters 2011 01016/ syap Bacterial communty structure of a kil scale biofiter No Data No Data No Data No Data NoData  Conducted on fam scale.
m.2010.11.022 treating pig house exhaust air. Syst. AppL Microbiol
34: 344.35

Kistiansen, A., Lindholst, S , Feilberg, A., Nielsen,
http//x.doi1 P. H., Neufed, J. D., Nielsen, J. L. 2011. Butyric aci
0.1128/AEM 0 and dimethyl disulfide-assimilating microorganisms in No Data No Data No Data No Dat
617511 abiofier treating airemissions from a lestock
facilty. Appl. Environ. Microb . 77 8595-8604.

s

k] Biofilters. 201 Conducted on fam scale.

diveww 20
oKimkow ol o, g 1, Chmiclowioc Kowzeniowska, A,
9ex php?0plo oy vk, 1, Dbk, A 2011. Remonel of microbisl

12 Biofiters 2011 n=com_conten (0 e ouse air using biofiteromganic N0 D918 No Data No Data No Data No Data No Data NoData  media on microbial

w-sk::m- removal. 30-100% bacteria
4 modia. Ann. Anim. Sci. 11: 453464, ‘and fungi reduction.
143

Conducted on fam over 6

ubaiocdoLt Akdoniz, N. Jammi, KA, Salniko, 1A 2011 Bofter months. Compared pine

13 Biofiters 2011 g, arorcs proformance of pine nuggets and lava rock as meda 56% <as, No Data No Data  chips and lava rock media.
BB Biorasour. Technol. 102: 49744980, Value for VOCs is total
reduced sulfr
Hol, S. 4, Hamon, J. D., Chon, L., Janni, K. A
i doi._ Schmid, D. R., Nicolai, R. E., Jacobson, L. D. 2000, a
14 Biofiters. 2009 10.13031/2013 Pattial biofitration of exhaust air from a hybid 58% No Data 37% No Data No Data No Data No Data "mmm:"'"s"‘“
26330 ventiated doop pt swine fnishor bam. App. Eng. d
Agiic. 25 269280,
Ao dop1 C1en: L HOL S, Cai, L, Koziel, J. Zell, B. 2009. Conducted on fam over 13
: Bltp . 9011 Evaluation of wood chip-based bifiters to feduce weeks. Compared westom
15 Biofitars. 2009 Q3155101 odor, hydrogen sulfide, and ammonia fom swine bam 1% 4°4% NoData Nolete NoDat2 - ogar and hardwood wood
3289595520 \entilation air J, Air Wasto Manago. 59: 520530 chips respecnly.
Ro, K.5., McConnall L L., Johnsson, M.H., Hur,
. Hipidk S0l ., Paiker, D. 2008, Liestock aif eament using Conducted on lab scale
. BioMers: 2008 101302013 - coatod powdored sctvatod carbon bifitor. AppL. Nolpets No Dt NoDss NoDeta 37 cays
281 by pgric.24: 791798,
hitp:/idx.doi-1 g"‘" o) Kod 9l ;ﬁ';;cmp Conducted on famn over 13
17 Biofiters 2008 gn‘g"m IO basad bofterusing solidphase microextractionand  No Data No Data No Data No Data No Data lnete RSk Catpoted esto
20080108 gas chiomatography-mass spectioscopy- ol o2
2 olfactometry. Bioresour Technol. 99: T767-7760. ot
Ris, A. L, Lyngbye, M. 2007. Odour and ammonia
Mt /M bl tons. i vertiation ai from
. growing finishing pig Conducted on fam scale in
8 Biofiters. 207 enszmyizs L U e 5o ——r No Data 56.60% No Data No Data No Data NoData |Topuetenon B

Pollution Control 1. T7-83.

hitp:/iwww,iwe
2 Melse, RW., Mol, G. 2004. Odour and ammonia Conducted on famn scale

ponine com/w
19 Biofiters 2004 removal fom pig house exhaust ai using a No Data 9% No Data No Data No Data No Deta
B eaiat? biotnckling fter. Wator Sci. Tocfnol. 50: 275-282 osni2 dere
hitp/c doi-1 Sheridan, B. A., Curan, T. P Dodd, V. A. 2002
" 0.1016/50960- Assossmont of the mfuenco of media particie sizo on Conducted on pict scale
2 Biofters 2002 5574(02)00034-the biofitration of odorous exhaust ventiation air fom ol Data oo heta: Hoibste NoDala  o\pr 63 days.

2 apiggery facilty. Bioresour. Technol. 84: 129-143.

hitp //dx doi-1 Sheridan, B. A, Curran, T P., Dodd, V. A, Colligan,
21 Biofiters. 2002 0.1006/bioe.20 J. 2002. Biofitration of odour and ammonia from a pig No Data No Data No Data No Data No Dat
020083  unit-a pilot-scale study. Biosyst. Eng .- 82: 441-453

Conducted on pilot scale.

D/ 000 o, 5, D, DeBruyn, J. C., Zhang, Q. 2002. Design
. for troatmont of Gonductod on fam scalo
2 Biofiters. 2002 dpmgeaibl No Data No Data No Data No Data No Data Nobata ool

tectedpapers/c :
7 temperatures. Can. Biosyst. Eng. 44: 21-26.

Fig. 2. Example of literature database speadsheet. [7,35,37,78,107,108,134,141,199,201,208,209,231] (web link: http://www.
agronext.iastate.edu/ampat/database/homepage.html).

2. yellow > 33% and = < 67 reduction, or
3. green= > 67% reduction.
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