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Current Status and Perspectives of Livestock Environment Improving Agents for the Characteristics
and Control of Swine Manure Odor. Lee, Eun Young* and Jung Soo Lim. Department of Environmental
Energy Engineering, The University of Suwon - The trend toward intensification of livestock raising, confine-
ment in barn has increased in recent days. The move toward concentrated animal feeding operations reduces
per unit costs and permits farmers to better earnings in spite of fluctuation in hog prices. However, this also
results in outbreaks of a lot of animal wastes and odorous compounds. Emissions of these malodorous com-
pounds produced from concentrated animal feeding operations have become a concern for both public and
regulatory agencies and are causing the complaints of residents in rural area. For competitive sustainable
swine production industry, odor management plans systematically identify potential odor sources, determine
control strategies to reduce these odors, and establish criteria for implementing these strategies. Since, the
malodor originates from microbial activities involving a variety of microbes, understanding the characteristics
of the microflora present in swine manure is essential for developing effective odor control techniques. This
paper reviews the available information in the literature related to the types of bacteria in swine manure, the
potential odorous compounds associated with different bacterial genera, and the corresponding techniques

used to control odor based on microbiological principles.

Key words: odor, swine manure, Odor control, Livestock environment improving agents

M B

2T 5ol A Hol & 715 ARge] dAlse} U5 A
FE A7 A 531, w7F TR wHEsA A7
4] RIS ePlskal alut. felviehs 2005d5E AleiE
47 WA elM AF A S 54 A lA A9 e
2 FosiaL, AFuE 7IE § A E ARl wet SAt
sTMIAME sl ASAT S A A
el A AL Zhdgh o] et A3 7k
i A2)7)Ee] Ahe] AlEd] &AL JIEHT0].

Ao R FE ot 22 FUIEENE AAEE o
Fe vigEe e Aol F, vES AFE A4
3= slal AFE A= sk 79 dEs T}
A AZolt. ofF e A Sl ol EA 3§
717 Ao wrEe] I F B2 FHF AEEA YA
71eAe] AAEE FlolaL, e Azteldt Sl v
=2 S TR 3l w2 7l Rl Aol A}
Aeolgt. mi2hr, 3] 24 gl A3kE 13 7L
3 EExelA HAEE AF e dle] H= vldEel dst

*Corresponding author
Tel: 82-31-220-2614, Fax: 82-31-220-2533

E-mail: ley@suwon.ac.kr

o ol 3 SHEAL) HAE AT R UES
Ab B 31z} g

FEE5ollA AAYsR= v E(indigenous genera)ys= Al
B, aAES ARl oAt $AFTAA e IF
7MA 2 vdste B o3k 2} Gram-positive cocci
(39%), Eubacterium(27%), Lactobacillus(20%), Gram-ne-
gative rods(Escherichia, 8%), Clostridium(4%), 12|31 =1
o] &4 TFO 2 A Propionibacterium acnes, Bacteroides
(<2%) °] T} o] 55 AT R kst nAE o] &
Hel| EAATE F F2= F7A8 2 BAENA Tl F
L o]t AL & 4 HH90]. ©|& F Streptococcus
sp. & Peptostreptococcus sp. 5-°] ¥ W dx]o}e}
A AALS T2 AR Folw, Eubacterium sp.
AA| chFe] FE|2AL, EFAY, oM EANG-S AJAKH=H
o138k}, Lactobacillus sp= T2 ZAAS H¥|351 A A
A; ARGl fedalr] wjtel oF] AAIME T8 JS
317 ekett. = gE odF AAe F83 98 3 1F
© 2= Clostridium sp.7F 34=4|, ] 5 NHj, H,S, fatty
acid @ amine& ©FF AAIS1AL indoles} phenole] Aol =
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W A7 A8 FelA ghoh. EME EF e =4S F
168714] o], =1 % 3004 7F]¢] EAe] 0.001 mg m™e]3}
o] AT =S THAL sle] oFe] Fo 91l o] "
t}[83]. Schaefer 5(1974)[93]2 k=4 7] Eol|A] W=
= AFE x| uet 27 9 p-cresol(64%), phenol
(26%), n-butyric acid(8.4%), skatole(1.4%), indole(0.44%)
9} diacetyl(0.02%)2>-2 2}]gc}al 8}¢i T}, Yasuhara 5
(1984)[118]= =A]¢] +=F-2 2-methyl propanoic acid,
butanoic acid, 3-methylbutanoic acid, pentanoic acid, p-
cresol, indole, 3-methylindole, dimethylsulphide, dimethyl-
disulfide, butanol, 3-methylbutanol 5-°] &&% I <}
Aol slgich. o] & F83 Zae] A e &
Aol 2]Aste] A sFEote} FAdoml, A B3’
=, 3w, B P AFAAR] 4 2FoE RS
T SAeHo66].
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FakEe] 31%, BiEo] 23%= 7P Alsh, ARAIA H &
XAe] Aol g o= Sl A=t oF 40%E 7Y
EOH51]. HEAQ] HEA] EAF W NH; 7R~e] we
5.7 ppmvE 7P =31, HoS7F~9] A% 09 ppmveE 1
tholvh, FAAA AN AM Y] NHy7 ke} HoS7h20] 5
2.5 ppmv, 0.038 ppmveE NHy7 kA= oF 56%7) 3143130
31, HyS7k9] 739 oF 96%7} #A3taich119]. ©143H, &
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fraledz 283 4 17, 82].
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iz Qlet. o|e} e HA e FoJle v|AYE LoEE
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WA o] vk wetsl 4 9lvh. =3 w5 EDF(The
Environmental Defence Fund)2] FAle)| &)sh] HjA] =2
A% F 9F 795%7} NH; 7FAR 7)35Hs Ae2 97}
=32 g)em, NH; 7k} AR F2] 9] 7173l v x]= 3
gFS Table 19 AAIEIATH 14]. NH; 7k~0] 2o whE A
ANA FAES A EH 5~50 ppmvell M WA E 3R 8,
100~500 ppmvell A= 52 4%, 2,000~3,000 ppmvell A=
A7) L A EF, 283 10,000 ppmy o] Aol =EEW
ZA] AP fo8la g

Fxol A AR 8 o3 B39l NH; 7k FA
7RERE ehe} F e QlsTlel| 7HA] B IEE L 3l
Lw, o]t NH; 7k2~0] &84 A|717} w4 F831. 7
o] A vjellM Hu)El 847} 9 AFS| Ehof oJ5le] NH;,
7kxg Bal|=ar115], HAE NH; 7k 7159 AR A
3k 4= 9lom, HalE FZblA 15 ppmve] NH; 7k 5
7] AlEe ANE L 5 vk EarEe{gleh38]. ot
A Ao} B3R AA] Foddte] H|o] A ) A
At Atel] o38FE v NH; 7k28] TS Fole Al=r) 3l
ATH3]. T3k, =852 pHE NH; 7k2xg7)e)] B 35k
71238 pH 10.5 o]4do] 7 M gsiet6, 64, 114]. 12}
pHE =°17] SlsiXE NH; 722715 913t &4u]8e] 3}
sl F7kslc= A7) gloh99]. AsE Azl 2)s)
o duk EA} ) 32] NH; 7129] 5= 3.0~18 ppmvE B
a=lo} Qluh13, 62]. BAF Well A 9132 k%l NHs: A
T exdzle] ol EAY ¥k oz, vlE Bl $§X|9) &
Aol =sh Eoke] 23St W sle] Feodoksts %)
= EAo|7|= 3h10, 34, 105]. o|23t FA9] ADA o
o wl=} frellMe A o] =4 2RISR &
A2t =% AEE o] $15le] NH; 7k8} HpS 7R9)
q 2ARE kAL 9o (19, 251, W7] 2 ok S
53] $13t Sl R WEEE 7] wiE 9l
9] ARl gt A= FAlell S33kal UTH30, 62].
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Table 1. Symptoms in humans and swine after exposure to
ammonia gas.

Concentration

(ppmv) Symptoms
Humans
5-20 Red, upper respiratory irritation
100 Continual irritation to eyes, respiratory tract and
mucosa surfaces
500 Eyes, upper respiratory irritation
5,000 Rapid breathing, respiratory spasms, suffocation
>10,000 Rapid death
Swine
50 Increased susceptibility to pneumonia and other
respiratory problems
100 Loss of appetite, sneezing nervousness
> 300 Mouth and snout irritation, hardness of breath
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AW A EAQ] feilke)Ab A HEA T o sl
3131352 = sulfide®}, ethyl-, methyl-mercaptans(2 Z+&k,
CH;SH)®] Sltt. 3ighso] Aldtel o8l A== 71242
e, Ak T A S sk ofe| Ak
o] YAl M AT Ak e] 312 F3RkE o]
3Gl B dojuli=dl, 1 5 FERMoll A M2 A
TS 8l sk ko] 33 S QA vk o
3Pkgo A A S HFAATEA R o] §-3le] T
sulfideZ AAZITH32]. L 5 354 (HoS) 7HAE 754
7o, F7| R A9 =AM £ Fde 24 3l
om, a2 A3 AW I E(pitpel] AAEe] o i E9
of F2 ¥ TEF YeliE gkl AdTH95]. =3 HoS
Tk w2 pEelE Al DzE A WA L 8
3L, FE, oXBlE, HIAAR S5 ke 78 gle]
H7)% g 54 HoS 7kt At sjx]1€] 717kl v
2= 938 Table 201 A3} 14]. o]o] wk=w, H,S
Zk2=oll 1 hr F3F 50~100 ppmvE =Z%H 7o 945 4
357 olAto] Yfehdar 8-48 hr <t 150 ppmvell k2]
oAb = 91, 700~2,000 ppmvell M= SA] Ab-a)
Al S8R ght. HoS 7k22] 73-9- Sm|akel x|t #)7]& u)
FA AHe] duk AFFAY M HEEE 7= e8]
FElvetl M= 2005978 HEE3 = WA A
H,S 7k~ AFEA R AL MiES AL s,
GFF YA Gl M At AFHAAHEA L] wiEs LTl I
H, FHAYGL 0.06 ppmv °]3}, 712 0.02 ppmv ©]
3t2 W= ojof gheha Sl k. whebd FEF FA
BRe = 0.02 ppmv o]Fe] FEE H,S7k7 wiEEA] k=
= ol Wit e o] AlFsl Aoz kel AkEAelA
A== HoS 7kae o S =, EAF W A3kxe] A,
AW 3719 TEE L AkR W 3 gEE = A
= 7L 9l7] wliEell 3], EAEFA Aol o3t d=gt
BIE 7k Aol dHI7E 3l ALE AlsEn.

Table 2. Symptoms in humans and swine after exposure to
hydrogen sulfide.

Concentration Symptoms
(ppmv)
Humans
10 Red, irritated eyes
20 Eyes, upper respiratory irritation
5-100 Headaches, nausea, vomiting, diarrhea
200 Fatigue, paralysis of sense of smell, dizziness
500 Unconsciousness, nervousness, CNS malfunction
> 600 Immediate death
Swine
20 Fear of light, loss of appetite, nervousness

150-200 Pulmonary edema, shortness of breath, uncon-

sciousness, possible death

A A7 Jaha b EAF B HyS 7hse]
FEE 0.04-13 ppmyve 2 BIE|eigIek36, 31, 72]. &
£ ol e TS i 2 EA] 13 AT
H,S7k27}F 108.63 ppbv, CH3SH 7k~ 3.12 ppbv, (CH;3),S
7k 0.88 ppby 213, (CHyCH,S), 7R 049 ppbv7t
M Reky Busle) A2 HAEe] e dHYEE
wj$- =}H61].
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ol A HlE

AE, 27HE, FHF, 2 4oull s o] EEelA LA
ot wlwd p-IEES 22 B3R 550 Al
A Elz2al3) sgdedeid ) 22 ol ieAkS Mltol| o]F] &
F=e Aol WA ECH48]. EFETS] A} A olA ol
SotMElo] BV} AAH L o] 2HE oJ Fie] Al ol
o3l 27HEG-HEIE)H =R AsETH66]. o238t
AR Ao =R 250 2= Propionibacterium, Escherichia
8} Clostridiume] v}, o) & &7+ FA X]F=r} o
=, 27HE, o-Z2dE, m-ZHE, ¥ =] 22 0.00030
ppmv, 0.0000056 ppmv, 0.00010 ppmv, 0.000054 ppmv,
9! 0.00028 ppmve] 2 HAAAFEE FRIL &, 271
=2 0.0000056 ppmv °]3}e] A|F3] W FEAAME F7}
o AR EMFS e & e =R-EA, =7 A
Aoz EaAE QQAE = gl WAE EAE

FES Mg At

oM EAL, 23] 24k, FE|2AL, iso-FE|2AL, W 2AL
iso | 2AE, FpER AL o] of 7o)l &3t o] 9} 72 3
WA A F AHAH(VFAsyS =il 2l elpslEe] el
NA WA= g e, FA39] pH(pH 6-7)%] 373
o] dubH <l efn]icAke] gojn| i 3}(deamination)”} %13)
=®, VFAs, CO,, Hy, NH; 7127} A5}, o] & ub-go
g vAE LS 2 Eubacteria, Peptostreptococcus,
Bacteroides, Streptococcus, Escherichia, Megasphaera, Pro-
pionibacterium, Lactobacilli, Clostridium 5-°] 91+ VFAs
A vl gk A eEE TR EAEA v B E
Zo M= F2E 2S8R B ot oM EAL, T2 24}
FE|2AL, W 2Ak, 9 isordE| 2Ake] HATAFEE 77
0.0057 ppmv, 0.002 ppmv, 0.00007 ppmv, 0.0001 ppmv 3!
0.00005 ppmv ©]c}. Millere} Varel(2003)2] R tol] wh2r
FT 2o o= B F83 WA gqle= I f7)

AHVFA) ¥ WS 48 19le2 AARBP )= sldet(71].
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AW F8 7t 2 9EAE F CO, CHy B N0
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A} P2 FFoll osle] WAYHTT S =] [74], oA
sfekis FA)e] wi- A BRI Al Al Ak
o2 qlgt IFu=) AAe] =it ole Fxrt Ft
sl 5N, - A, T FEE 5 sl AsA|
AUTh(Table 3)[14]. F=<ll Wt FFS2= 4,000 ppmv 5
ZoM ZFEE Tl 35S AA TEH, 7-9% Fx=ol
AME A7) PE Aol FlokaL sk 75]. o] o= |
EHCHy ke B0 31713 &3) A A dA =Y, 7
A, FH, ) ZIAE FEe] oI37] sl wi-- $3)e,
500,000 ppmvellA A& doa $% gJvl(Table 4)[14].
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of BEFIL = PAE F AF 7R AR Al 47
FAEW (35, 45, 53, 101], 51 F245 FFHERL 2]
7ke] Fo] Hutol] gubE o] BAZS ASAIZIH(S, 7). L
ZF Bu A5 A7 5um o]ske] vl F3E F
zhedzke} =] 2] H| Fol| E=ste] HFH, HA, 7|3IA4, H]
d 5 #2237 AZS FEAIZIEH, 19, 22, 23,
49, 84, 120]. o]=j3t A} EA-L FESNA AT A
B9} a5e] wids=s Bl T8 A dele® ¥ Eg)
©H1, 16]. Schaefer 5(1974) terpenes EZ3E 700 714]
o] EAle] {datel|] EFE ] gldl o] FE AR A
oA Bl Aokl e 93]

FAF W A EA - R o F AR 7] A
2= Hx]o] gl FrlEe] FAF vl HZI=E <] 3l
W By g AR "7 AxRE AR 37 Sl o=k &
A=A dofu} A6l 1.04(£0.39) mg/m?, 10%38(£10017)
cfum’e 2, ¢ ¥ 253(£1.02) mgm?, 10795107 cfu/

Table 3. Symptoms in humans and swine after exposure to
carbon dioxide.

Concentration

(ppmv) Symptoms
Humans

50,000 Headaches, fatigue
>100,000 Narcotic effect, unconsciousness, dizziness
> 200,000 Rapid death

Swine
50,000 shortness of breath, rapid breathing
90,000 Uneasiness
> 200,000 Untolerable after one hour

Table 4. Symptoms in humans and swine after exposure to
methane.

Concentration (ppmv) Dangers
50,000-200,000 Explosive
> 500,000 Asphyxiation

SWINE MANURE ODOR CONTROL 247

m?, A= 1.83(20.64) mg/m?®, 10792(£10%38) cfu/m32)
ZF 22 F ST 2 EeaL g 8s, 106]. ol
zZhd 3 917F 2% Alzidel] o] Fo 3l & Zhkateh 2hjixke]
ol ot 2 PEAES] AT v Fod rsAE
A7yek 4= glet. vbE oA Aol = -] SR Eo]
Zhe AL Qle] Bgae] 79| o, A Az AR A}
E FHAE a7 AR GE H o) qho] HwA] 7] W)
27t A7) Fge] Folse] AE] LAEAEY T
7} s A3t vebgetar Harskelet(58]. sk 7]
£ A7l AAEE 37 2 GER F BRI F FHA
TIE 0.23~2.19 mg/m?, 5.1 log cfu/m’3} w]aahy Aut
Moz BA pA7F A veRdeh92, 103]. o]2lat Aol
AW 3 E7S T 7RI Hste] A 2RlS
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T 31Eo] HEHS7] delH, ol =4 i B8
8919 Wshe =AW 22 A e by 3 of digt
ofg AFAREZEe] o7 e] ME dA|FA] Al 9lem[29,
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(1990)1 &J3hd AR o2 FAF U Exl5Ee] i 3t
71l 2Jgk F7] 3A Eel 25t Aelm[20], =9} Al
FEE AR AT SAE T S WA 23
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27 FAR EAe] X P BHTeIM AR Folats
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3t Q= o] oz}, Stoke WA ule} FHol| 23
oA vbte g A=) vl dubdel A 3] -8
el 88 0% Ao 5 givh aBEE 5 =4t
W 2Tl e 22 B A St 2 B
F71A A S o = ol Aeiikte] o3l oY
g Feke g Al A o] FHAad 4 ole =AF A
A HAeEe] 2xe g Mo Hashy
A&H o 7P} o] Folx o} gt
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Uueh. AExH o2 AFAE o] &3t A77) ddl, FeEr
o] F9o3 34 NH; 7k28} H,S 7kE Al7E] S
gt uh o g = nAEAS] A7) 7P B3]l Aem o
A glew, M7 Sl wetA 60% o4 A7 7Fe
slohal ®arwle] gle}(51, 55]. ©I7Eel le] w|AEAIA
o] Fof B of7] dTRbEel 9Jsix BaEgd 12, 43,
57, 117]. Kim 5(2001) n|AZAA] HEALR Foi7} 5
A - v)E=e] A B W A3l sk Al A
U Y EAA S o] 3 WHEALRE 0.5~1.0% H7FsF A5 o
T SAk] AR [57], A W] 37~ (NH3, HaS)
= frelaHdl FaEe] 715 Aol ek ohe)
AREEde] AR A3 FAle] v HEAL 31T} vl
AE ATAS] T8 B5el H3te] Smithe} Jones(1963 )=
A wAE T3S HIRAA, 53] RAake ERS
AAZI L 3l w]AESY] $A1S Al 2] 9le
[96], A AlTEe] W3 fFeste] WA S 3
2179 [43], A=A S BAEL[95], HUA wA =]
23| F-Absle] s (AR A WAE] 9
ol [73] A Ae|age] /IS vl st
Bt ope} A pHE ASLEIE Coliforms, Salmonella
9 Clostridiat 5 3 A= F4 2H-8 AA|s=d
BIE PRI 41]. =3 AFAE 715N A FelES 73
+, % AL A gl o8t frelzks WA Zha
2 3l 7152 AR o] Al S 9lom[80], o]
o2 A S 71 5 UEH5T).

HAE A= 5 AL el FRA Bl o3
7k S qAlEle] AREEE 7iAEI [80], Ao
A sdE A AN EIE 7I9E 4 glekar @)
Atk vlAE AAE Aele F2 Akmy] A7 9 AR R
& 7 5o A S Sl AREEle] St 3
T SoiME AnREL] g FAEES A4k e @
A AMS-E ol vt AT ke R gA] 87t B2 9l
om,) B EAE) o AZRE B NS Slg A
o W A77F A=A 18], Ra 5(2004)°) A
oA W dZ i B3t ATAIE vSE gA AT F
7} 9 ALR 8 SFAHETE ofEl NH; 2 HoS 7h8] A
< A 2N AR AN RS VepdTk E1sit
[86]. TE3}F, Hong $-(2002)2 H|-8-E=ol E34HA] 714
7ol Hal] £ NH; 7k fo)H o= 7h4s)s] ot
A AR 2fel S PR dberial ¥ Arslgloh47].
2 9]ol| = Visek(1978)> H|AEAAE FoIT 2R NH;
W5 FRA71E ureased FHIER= A Feln| A=) ¢
HAE QAT A a7k M-S FFAAIZITA e}
WAL[109], Hill 5(1970y2 six]ol] A FoIA] NH;9}
HoS 7k20] Whao] ZhAghs B}l & 4 oldoh43].

Jung 5(2008)¢] ©] &3 FAE-3A = amylase, lipase,
protease, cellulase, phytase, urease 5= ¥33F 2#%], &

5 AEACA FE319 L, o83 AR A
|3 ¥]§=Ake] NH; 7k9) HoS 7k gkeo] F23H
JekS A, 7] NH; 7k29] 5= B} 65% A7 345
ez, HyS 7k2] 744 86.5% A=) A7k 342 )
eEPgTh54]. =3t EABIAS i 13] EA}F o) AES}
Ag w E=AF W F719] Aell oJgFE v Fuo] Wi}
Aol = IS nAw, FEAL] AFAofo] EHpH o2 =}
3= Aoz Buslgdy.

Hhdel], Kim 5-(20062)2] ATolAE clokst &3#9] o
A7 EE 13 A} oF AlgkRe} AEA Addds
£ A Qg R A7AEE o] AR Aol AN A
v o ofF] A SwelA AE F 1-3 he7bA] 23]
g oOF] S ST AE BHoha slgl o, o
= A o] A} ddtEe] AYsdes9). &, &
3} 23 AL AEE F 1 iR AY B4 S

oF Ay o] F7iE e A Adel dA]geH63]. =4
oFF WA FRst] A7 S B3} A& 0]A]
F3F Al 7)ol s EAF - 3] Fell A e
A7HAI7) 52 &= AV 9 3719 FeE =4
571 M= 97] wtelet detEleh. w3k EAF e gt
7 89E, F &5, AdEE 9 A PFTA ol 5
oz A7) oFF] M3t THe HAANFOE oIS 9
7] wfjFole} k=)

T OE 28 AREE FIE, AEA ¥R, Y oRksl

=
BAL FHY 2B QT o) F A4 ATFEol

U [50, 122], o= TV AREE EAF W] oFF A
o EAE TSN F7) FOR o] Fshe wAY] = ¥
3] Ze)7] wigelet AECT, 33, 35]. AHe] F4&
F3 QAAEE = o o el EAEe] EgHe=
43 Agsle] v s wes 24 A o] oY) ulite]
7150l EAF W] HHE 29s Y A3tsle A7
2Aie] dghg sheal ©ed] ZAE WE|7lelle A7 Q)
[24].

o 29AE dElA e F AgEe) AEA HAF
BE o3 A=) BAEE AA3] A3l HeE weR
2w[59], o] 71Ee] HH A7REe] AAEHE A}
SAtH87, 97, 107]. VarelZt Miller(2001)= A EA] A=
(Hub and Lavendery’} A} W] <13 SujjA|2A{9] 3 &
oz}, 3 Ald oFF del EAS A= Fx W B3
nAEEY] A AR EA Y] A E = ZloR H s}
ATH107]. YubH o2 o3 Ft oF AlRe} 75 37
o] 3N vl&S B3l Qe Fe] AT & e FHaT
Zekal o]m[15, 65, 98], &3 A FXE7} NH; 7kAk o
= HoS 7ks} 2 ofe] ARliAIAS Beloh= Fakhoury



5(2000)°] A7l o]z (28], AL o A7 3
N7 5 BahEe] A AEAE ST & A
3 Slek. et ok 29 male] A4 el Qo] ol
T AlREE A F 3 hoba) S5 v, AR A

= 24 h7HA] Aoz el Azt St FAENH. &
wo 2 ok Lol ol whlshe BeEue) o
3t 3k U&= aromatic 0ilE2] BIERE ALEA] EA}F o4HF
£ 3Hes iﬁ]*]7] T 2et69], EAF I E(pityell A
Aee] gl =ik S8 W B3 njEEel 2s 47

Table 5. Odor control technologies.
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System

Description

1. Odor Control Technologies for Buildings

Biofilters

Odorous gases are passed through a bed of compost and wood chips; bacteria and fungal activity help

oxidize organic volatile compounds.

Biological and chemical wet
scrubbers

Diet manipulation*

Fat added to feed
Manure additives*

Odorous gasses are passed through a column packed with different media types; water (and/or chemi-
cal) is sprayed over the top of the column to help optimize biological and chemical reactions.

Enzymes added to diet to improve nutrient utilization; diets formulated to reduce crude protein content;
or other changes in diets to enhance digestion.

Dust reduction and subsequent odor reduction by adding fat to the feed.

Chemical or biological products are added to the manure.

More frequent manure removal* Fresh manure (fewer than 5 days old) produces less odor than stored manure.

Nonthermal plasma
Oil sprinkling
Ozone*

Shelterbelts*

Odorous gases are oxidized when pased through plasma.

Vegetable oil is sprinkled daily at low levels in the animal pens.

Ozone is added to the ventilation air to oxidize the odors.

Rows of trees and other vegetation are planted around a building, thus creating a barrier for both dust

and odorous compounds emitted from the building exhaust.

Windbreak walls*

A solid or porous wall constructed 10 to 15 feet from the exhaust fans will cause dust to settle out and

will also help disperse the odor plume.

2. Odor Control Technologies for Manure Storages

Aerobic treatment

Biological process where organic matter is oxidized by aerobic bacteria; mechanical aeration is

required in order to supply oxygen to the bacterial population.

Anaerobic digestion

Floating clay balls
Geotextile cover
Manure additives*

Natural crust .
sion.

Solid cover

Biological process where organic carbon is converted to methane by anaerobic bacteria under con-
trolled conditions of temperature and pH.

Floating clay balls cover the manure surface.

Geotextile membranes are placed over the surface of the manure.

Chemical of biological products are added to the manure to reduce gas formation.

Dairy and sometimes swine storage basins can form a natural crust. This crust will reduce odor emis-

Non-porous cover floated on, or suspended over, the liquid surface. Covers trap gases before they

escape. Gases must be drawn off and treated.

3. Odor Control Options for Land Application of Manure

Manure incorporation or injection Manure is incorporated immediately after land application or manure is injected under the soil surface.

Chemical addition
Odor Control Options for Other Odor Sources

Mortality composting

Solid composting
Solid separation*

Straw cover ..
reduces emission.

Chemicals added during agitation to reduce hydrogen sulfide or ammonia emissions.

Method to dispose of dead animals. Carcasses are buried in sawdust or some other organic composting
material. Decomposition takes place very rapidly.

Biological process in which aerobic bacteria convert organic material into a soil-like manure called
compost; it? the same process that decays leaves and other organic debris in nature.

Solids are separated from liquid slurry through sedimentaion basins or mechanical separators.

An 8-12 inch blanket of dry wheat, barley, or they good quality straw floated on the manure surface

*Effectiveness of these technologies has not been verified.
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