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974 o] 900 1,800 3,600
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19 671€ o]y 1,500 3,000 6,000
2 o] 1,800 3,600 7,200
3 o] 2,100 4,200 8,400
D) 9l 71F Ex 1A% 0] ugery
2) AFANE AR £ Er ol5AE SASH] Agstu, AT AHAVIE NFo= @
) o1l USUAN MBS ofFlel WEYOZRE DolN I o301 u 4 FAot
L A9 Ao 9FeNulLE AIFER St
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1774 oy 200 520 860
3714 oy 360 760 1,150
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9714 oy 550 960 1,360
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19 671<¥€ oy 680 1,080 1,490
2 o]y 730 1,140 1,540
34 o]y 820 1,210 1,610
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1-5 ¥ S|AMH|QF 2HF M| 7|9 THA|

=

O o} A7}t s|Aure] A Akl gk o4 (3 Al 7]=atklog
()Mua))olH, olm, ax= 5A oFFHIF e Aol ke vlEAdST
. agt kol thek gholl whgk HERWsto] 2 AR g EX7F A E
ofof 3 Aoz iy,

T 5 JE AN A R T FMuFRA oF FANES

14) S32 424 9193] (2008) viEes 7Ieo® § ofF|us At B el ool wdh At p27 -32
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[E15] ZECA BOMOM HAIS 47|t 8| Muj4oto] B X167

. R AMIZ7](Y)2t ZF AR A7 o S5k A v (AFlsh)
= o 3] Al A o
(or3]) 1 Hﬂ‘fg)gH 1.0 2.0 2.5 3.0 3.5 4.0 5.0
OF &= X} 1 = _ 13 32
b= K] ogY = 0.8X-0.9 1 5 (11.0) | (15.0) 79 200 | 1,300
A7 A 2% ) B 16 40 | 100
Axz &7 logY = 0.8X-0.8 1 6 (12.0) | (16.0) | (20.0) 250 | 1,600
A7t A 2% _ B 8 13 20
(Cookersg) | 108Y = 0.4X-0.11 @) 15 1 g0 | 470y a3.0)| 32 | 80
_ 7 16 36
=2 X} - _
=2 xa]x | logY = 0.7X-0.9 1 3 8.5 | (12.0) | (15.5) 79 400
B 11 40 140
Ax AEZA | logY = 1.1X-1.7 3 (10.5) | (16.0) | (21.5) 500 | 6,300
FRP A Z=ZA | logY = 0.6X-0.6 1 4 (980) (11260) (1%20) 63 250
] B B 10 25 63
Az oA logY = 0.8X-1.0 4 (10.0) | (14.0) | (18.0) 160 | 1,000
QA 014y logY = 0.8X-0.6 | (2) 10 25 63 160 400 | 2,500

(14.0) | (18.0) | (22.0)

Jefdjoreld | logY = 0.8x-0.2 (3) 10 (12300) (11(1300) (1';90) 150 630

10 20 40
A+ Kb = -
=54 logY = 0.6X-0.5 1 5 (10.0) | (13.0) | (16.0) 79 320

22 63 180
NS B = 0.6X-0.
Z2EAE2ZR | logY = 0.6X-0.9 1 8 (13.5) | (18.0) | (22.5) 500 | 4,000

oD 9 25 71
7242l | logY = 0.9X-1.3 3 9.5) | (14.0) | (18.5) 200 | 1,600

11 25 56

stax21a | logY = 0.7X-0.7 | 1 5 | (10.5) | (14.0)| (17.5) | 130 | 630
2uAe]d | logY = 0.5X-05 | 1 3 (860) (11)00) (11285) 32 | 100
o 11 26 | 62
B A
ore. orE x| (10.6) | (14.2) | (17.9)
AF X4 = 10 X log(3]A]4>) HEHEAL (1.8) | (2.4) | (3.0)
HEA 2 17.0 | 16.9 | 16.8

A2t B gl Feke] B AT, p2o
gl &l wlj bl AR AT, pld
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O A7ldl& =l HF7PH(FEEAA=Z=A)
3 BEo el 7Eetde. theo =AUAl B A] mlsjop & E

T dAAR) S sl AR 8 AT RS AR Ve

r1r

(&

D Bgetd 34 A7E 4% Tl

U5 15)¢ 448 45 B A4

ol
-
€ 7=l mEsisle

+
)
N
e
o
>

- E=R, DA AS 1 Z4 Aol WEHE ATl 2A wEsge
g, 24 24 Aele sAus U wEs 8] 9% s A
9908, B8, BAARNA 14 AT ARG 6.20]3, 27 5

g Aol Hgke 12.82 Al 4 AV Heetd] d4nfa=

1

1

AN

[E16] SAA|AL| 02| X|Ho|AM Sty s|Mbjs M ZHa}
=7 A 12+ 54 221 54
A 3 10
B 4 20
C 7 10
D 3 14
E 14 10
3t 6.20 12.80
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QO H|SEAY] Zegld id daxAte] s AdEE vad Ay
= (71719 &

- vk A R es A9leh oA ENE RE =il HE

- & 3EA A o] A oM EALY} ZEuLAke] H]go| 77t 49~61,

r
o

16~29%= o]l5 F BA9] 3lto] 65~90%2 WYE Ao, kA
AAke] A-dY Fx W3S B B 2, 7pEEH e AHeks

Hel.

[#17] HISE 2x9| 22d XYL &0 O[Xl= AZE2 2t

(4] ppm)
]
T 7 GEs TS
o} M| EAF 5,618 4,773 3,250
2324k 1,836 1,380 1,502
HE| 2 A 2,779 759 337
R AR 10,233 6,911 5,089

1) GRS = OIIEAL + ZEE @A + HE 24

* At': & 5 (2014)
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e

- HER BEE B o8 9 J1So] Z+7 155.9, 122.9 2 125.1 ppm<
2 AdZr] Aol7t glRe. AEF sEE =, o5 R 7Sl 7t
14.3, 5.4 2 7.6 ppmo=E A5 7H&S zol7t glloy Fele =%

- =AF 9] 2%t 1T S7HE wnpt} obF WAEFo] 19 S7HE ™, =
oo w7t 20T 30CE 10C =72 o ekxyole} ot o 3
Areko]l ZbZb 46%9F 37% Z7FE (Smits et al., 1995). B3} 71&AH BT}

oA5d 27t %7] "ol #V% S7ER st A5 S5 WAl

B4 FEUF =4 &5 7teAdol AS.
[218] =229 23U R7I2 s=0f O0|X|= AEe =1t
(421 ppm)
74]7@
i X %;ﬂ
Bl ¥ & T
o= 30.6 7.8 3.3
Y= 125.3 115.1 121.8
DR 155.9 122.9 125.1
vl= 6.3 0.7 1.2
A= 8.1 4.8 6.5
o =82 14.3 5.4 7.6
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1 =2| F2=0l=, /8, €2)2 F44HME7E 71" A At

1-1 o=

1) Iowa State?] Z4FIEA] H71 Al

Q Towa State® DNR(Department of Natural Resources)< 715 AF3A)A,
VNS aE AES 544, FAA E FIAAE AAA & ddeR

2003 d ol A 2005 Alolol] FAaIHE HFT:AHowE =A% vl S (lowa

DNR, 200619)) .
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19) Iowa DNR (2006) Results of the Iowa DNR animal feeding operations odor study. lowa DNR
Ambient Air Monitoring Group
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E =As= WS A8, Nasal Ranger9} Barneby Sutcliffe

Scentometer9} e Fog sMTE obF =H AU S ALLE, oFHE

20033 =0 oHE SAL e d4HY FEe AA 4GAZ 25
=

[£22] ZArekx| ™71 Al Iowa StateOj|A] M ESH 2AF £=F(Scentometers

JEL )

of S8
Level 20034 20043 ~2005
4 - Greater than 15
3 Greater than 7 7~15
2 Detectable, but less than 7 | Detectable, but less than 7
1 Not detectable Not detectable
0 No reading taken No reading taken
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obx| &7 orF 7|5 orx 7|5
Level Ma 4 | 2% Az 2 | A% ug
E LA 1066 71 7%
NER L2 Anst =AK| 338 36 11%
23
(BH, ZFAAH, =AR, 304 11 4%
AITHR] 5)
Al 1708 118 7%

2) Idaho Stated] FHAHAA H71 ALH

Q Idaho Statet 20031 8¥oll A 2004\ 4€L7kA] <F 970 FF A AFFA|
A B84, ¢ ARSAAE 1I7AE didew oFFE B7FeH(Idaho
Agricultural Experiment Station, 200420)).

- AA 53/MA Y ok F e AEE 13 A SAF

- oH = ofF HA AHAH(Odor source Om), WY ZHE 50m,
200m =izl A

7}

- oF Z43 pEE wWEe olFd AY 4@el 74 Aol Nasal
2

o
o,
ofo
o
ot
1%
=
-
K
12
j&
oy
ki

(Odor intensity)

20) Idaho Agricultural Experiment Station (2004) Odor Assessments of Idaho Livestock Farms and
Manure Application Practices
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[1224] Idaho StateOflAM 0| &% FAL obF| ZHWH
& 4
Y
'l 0
Wind Direction -~ &
200 Meters

" 2
B 2 50 Meters

2
e
-
w Odor Source: 0 Meters
*

Weather Station

% Team Manager #
TRSMH,S, NH,, Wind

Speed, Temperature,
Humidity

# Odor Panelists %

Odor Concentration,

Intensity, Threshold,
Acceptability

- o A=
o] X YAE = N-butanol HZAE T2 o]&3] HEHow 11
dS A3 3 Idaho t8tellA] Nasal Ranger AR&H 2 o}
He wge

[#24] N-butanol2 7|&EC 2

o oHZE T8

Scale N-butanol == (ppm)

0 0

1 500

2 1000

3 2000

4 4000

5 8000

6 16000
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- EUh Fea, T, FF, FUsE, LR 5 29 A9
= SARYAE 49 A HRY WYL o] FHES I

- Nasal RangerE ©]-&a =A3 3|Au+= (1)< o83 7|std 4t
02 AVHIE.

log DN Fa+log DI Tinsl)
DT..=10 3
: 21(1)

Q A4 AFAEE ez o HE H7sk 23} Freestall & o] &3 Ys
4ol 7S 5om "ozl Al sMulgrt 12-13 SR wd (A 23}
2 78 b)),

- Ak AASAAY ok Bl ARE 2ok Yge ol [E25]9 2
o
“

[#25] Idaho H A ALgA|EL| <ofF E7F Zu}
. . Detection Odor
Location Distance ] H,S/TRS NH3
Threshold | Intensity
Range-units meters (1.4-60) (0-6) ppm ppm
Source 11.4 2.8 0.063 0.410
Openlot Dairies <1,000 hd 50 meters 8.4 2.7 0.038 0.420
200 meters 3.1 1.5 0.020 0.290
Source 17.0 3.7 0.078 0.360
Openlot Dairies >1,000 hd 50 meters 4.8 1.8 0.042 0.270
200 meters 4.5 1.9 0.024 0.270
Source 29.0 4.4 0.223 0.530
Scraped Freestall Dairies 50 meters 13.4 3.3 0.161 0.430
200 meters 6.3 2.5 0.078 0.260
Source 22.2 4.2 0.379 0.660
Scraped Freestall Dairies 50 meters 12.4 3.3 0.173 0.430
200 meters 8.5 2.8 0.117 0.300
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VOCs sampling locations for 1A4B
Swine Gestation and Farmmowing Site

Ar ket (Amibianl)

Exduaust fan for famowing barm

M 1
i y
iy |
Cr-farm instiurment shaler

Exinaust fan for gaﬁmlur--bém

4) vl=o] AHEH WEATE &3 A=

O w=r2 FTE3A Y-S % =< H (Comprehensive Environmental Response,
Compensation and Liability Act; CERCLA)¥} v]AAE % &5 LAY
(Emergency Planning and Community Right-To—Know Act; EPCRA)®l w2} &
T 1Y dEYol, F3hea W] 45.4kg o] Fd A5 AaletEE

SH1529] .
Q CERCLA®} EPCRAC whe} w71 ApAle] sAoA 19 g5 Yo}, 344

WA REO] 45.4kg o RIA RS HUHE ot e, 55, A

AFEAIAE 7 sl wer A E wEsAlsE 88
3t
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[2830] 0j=2| SX| AFSEHA & B 7 L0 E NH; HS B{EA I+

AMMONIA (NH3) EMISSIONS ESTIMATE

Enter your hesd count and multiply imes the sppropriste Emission Rate (from Table 1) to egqual the emisaion estimate for
the fasility.

AMMONLA (NH:) EMISSIONS ESTIMATE

Lower Bound NH: Emission NH: Lower Bound
Lowest Head Cownt Rate (pounds/hd/day) {pounds/day)
MH: Lower Bound = X =
Upper Bound NH:z Ermission NH: Upper Bound
Permitted Head Count Riste (pownds/hdday) {pounds/day)
MH: Upper Bound = X =

Enter your head count and timas the Emission Rate (from Table 1) to egqual the emission estimats.
Hydrogen Sulfide (H.5) EMISSIONS ESTIMATE

H:5 Emiszaan Fate H:5 Lower Bound
Lowest Hesd Count {pounds’hd/dey) {pounds/day)
H:S Lower Bound = F3 =
H:S Ernision Rate H:5 Upper Bound
~ Permitted Head Count {pounds/hdiday) {pounds/dey)
H:5 Upper Bound = X =
Table 1. Swine facility per-animal emicvion constanty. Liguid AMasure Svitems Howing and manure itorage extimates are
combined.
Management group Pull-plag. scrape, flush, shallow pit Deep Pit
Upper bound Lower bound Upperbound | Lower bound
Breeding & gestation NH, 0.098 [TH: 0,0098 NH 0.032 NH: 0.0032
H.50.016 H:50.0016 H:5 0.0085 H:S 0.00085
[ Famownz NH, 0.16 NH 0.016 NH 002 | NEb OO0
H.S 0.030 H-5 0.0030 H:5 0.0028 H:5 0.00028
Nursery NH, 0.019 NH: 0.0019 NH 00046 | NH:0.00046
H.S 0.0043 H:5 0.00043 H:5 0.0020 H:5 0.00020
Grow- fimshing NH, 0.055 NH: 0.0055 NH 0037 | NH:0.0037
H.5 00104 H:50.00104 H:5 0.0080 H:S 000080
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1) Verification of Environmental Technologies for Agricultural

Production (VERA)2D

O =Y, dved=, driae] 8ol Al Folste]  VERA
(Verification of Environmental Technologies for Agricultural

Production) ProtocolS 7W&+3alar A&k,

QO & 6709 FoFo thdl Test protocolS AAISL o™ 1 5 ‘VERA
TEST PROTOCOL for Livestock Housing and Management System’ ©l =A}

oM s okl Wk P 2 el ds) AN 9%

O F2b otHe] =4 mAd wa 271X AeF (Multi-farm approach,

Case-control approach)S A|A|stal 942,

- Multi-farm approach W& 539 A7 wiEx (WEA15)S AAkst

O Szl wet & doly A WRle AAsaL flow ofF HiE

21) VERA (2018) VERA TEST PROTOCOL for Livestock Housing and Management Systems.
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O dlup=oll A FHAkAlde] s = dd 58 HAsiAE 0Nt RK 7+ A
o) BEe th HgstelA o el fdt @S FAolsn o 2
grell disfiA] FAkAd o] A9 3 el nked gt

[&#26] "OL39| o4F A 7IE
ne oFF A
71 BUAL A wE m EAITS
1|2, 71F 2 A Ao me me) 9% | 5 U om | 1 LE/w
A (LRE Z=A])
1 £% 79 9 49 25¢ Fu, s#,
2 FrgEdos FeHod AHEE BA | 7 0Uy/m® | 3 LE/m’
2. T8 g0l NTHAL e BA
1 7bE RO afabd e w4
3 FALE A8 (g IFAGH AL | 15 oUy/m’ | 10 LE/m?
o] obdl AJF A )
[O12l31] &iof39o| 2tF =il B (OML dispersion model)
||:l:h:--m =
. ﬂ;;ilqluh-\.'.'b?'l b B -fh_i..'a\.'!
wo- i Xon

: g ph b o ",

Finisher unit with 5000 animal places e . AP R

and production of 20,000 pigs per year - . “”r i

I il A ¥

OML — calculation with =] o @
10 years weather data ! P * o
200 - < .

| urban area: 5 OUgz/m?

| Strong interpretation

' : .
x o Y o
A % L]
/ p .
i 4004 i
" . L
£ LTIV r
800 . ¥
", I L T -l =
'/“‘5"1‘/‘) L
worst case | e
1000 — . - - T el -I. - — . 1
- 1000 -BOG -800 -4 200 L] 200 A0 GO0 Lo 10K
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3) Yl a= (MIWMN)23)

O vlEd&=9 A5 1970d 78 =Hkde] Adstel 5ol w2k FAle] A 9

&= e dFHE A E FAE AGE.

E
il

[

O 20079 1¥€145E Uda=9e RE %o o}F e} A (Rgv)o] A&

=]

T .

O FAIA WEHE ool FAe weolsy] 98 A BY mAL

7Ivko &2 3k V-stack R &

[‘U‘L;
tlo
=
i3
ol
ol
&
o,
ofo
ol
k
30,
oo

- &%, A Ade P2, FrAe Wy Sl o AN gE o

W E A5 V-stacks Edol H-&3slo] oFF diks AL,

O vgde=9] 45, o3 Wi 8= A% TreEs HER AAsta

[e)
QlL-24)

O oF WEY AA ETREZA oHe =4 B ue 54 A

- ofH AR AFH R B

delgl o] A2 WY & AL .

A

O 20134 Ao AAAA FES F2b oFHo] B WEe AN I

Kol
= .

23) Ministry of Infrastructure and Water Management of the Netherlands (MIWMN) & o]%]
24) Wageningen UR Livestock Research, 2011, Protocol voor meting van geuremissie uit
huisvestingssystemen in de veehouderij 2010
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[AE35] @Ya{2|er-2fagX|ol RS
0ol A|] (Schiffman et

fal)

Longitudinal Dispersion (in meters X 103

£l

[£28] 712 A|2ED} 3Kt

W A0 50 oD

10 2
Liternl Dispersson (in meters X 100

b
A

Lomzitudnsil Thspersion (m meters X 100

Lateral

=

al,, 200529)

20 I 40 50 60

Daspersion {m meters X 10)
AL o | [ =
SAS|MRHO| SF

Gaussian model 3D ?umerical analysis méthod
Eulerian model Lagrangian model
Calculation speed Fast Slow Slow
Time change Steady-state Unsteady-state Unsteady-state
Deposition X O O
Chemical reaction X O O
Complex terrain X O O
AERMOD, ADMS, CALGRID, EUROS, AUSTALZ2000,
Models CALPUFF, OML, METPHOMOD, TCAM, | FLXPART, VADIS,
PLUME, Etc. Etc. Etc.

29) Schiffman, S. S.,

B. McLaughlin,

G. Katul,

and H. T. Nagle,

(2005). Eulerian-Lagrangian

model for predicting odor dispersion using instrumental and human measurements. Sensors and
Actuators B: Chemical, 106(1), 122-127.
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830))
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(Gas sampling

Thermometer —p4 location
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Crutles

Aerobically treated liguid manare
mixed wrth mamre

Slurry pit

30) FdH (2019) FAbs7h bR AW HeRA W Fa obAEd WES b FHAE/E9
F7Hl AR 7] A



[#29] FEHISEAS 27|20 2 o Eat 7t2He &7|TF Hal

T ol & 7=
n(14%) 14 13
9171 2(°C) 279 + 1.1° 17.6 + 2.6°
EA} B2 % (°C) 302 + 0.9° 25.1 £ 0.6°
st712Hm’h head ™) 123.9 + 3.8° 47.0 + 9.0°

&b Different superscripts in the same row meaning each group are significantly

different. (p < 0.05)

3-2 HHGIE; Air tempering hallway)0| = FEIGEALL] A”EE &7
2 3}

Q ofefo] TY} 2 FEAFAHEAY A5 B 97 4.0£4.3C %
Ago 37| n’h'head '2 Fd 971 10.0£1.8C2 7}
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m’h 'head )] ¢F 86% TS HU(ZHU,

O ols} Zol EALY BAAY fdol wet AL SRS FolE Hol
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B7H AT S AR
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o 3 = o B -
(1237 ARE 871 L AMNSY SHOY FHSYEAEALME FH)
< Continuously ventilation fan [D50)
£ Intermittently ventilation fan (DE0)
& Pit exhaust fan (D30)
1m 12m
e ———— Tl -
1
o I ] st ML D
10m 1

i @ )

E air inlat :,__J - |C':|

i feeder & watarar

I \ pin partition

1

I C\"\i“““‘i’“ A

: -f..f fITH i g
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1

1 o

! h L I‘: .-fl_ s e I\{'

: i iell e atl

: Air tempering slatted floor I

¥ halbway

[#30] HHUGEIE)0| A= FHHIFFSEAMS 7120 A9 &7|F Hel

T s B o
n(25%)
2]7]2(°C) 10.0 + 1.8 4.0 + 4.3
RMA(FIE) 2%=(°C) 13.9 + 2.4 115 + 1.9
EAF YEL5(°C) 26.2 + 0.6 24.9 + 1.0
317)2Fm’h 'head ™) 60.5 + 3.7° 52.1 + 6.1°

ab Different superscripts in the same row meaning each group are significantly

different. (p < 0.05)
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Q FAtetH = 13 &4 A Al 34 H7FE fdl AL E WEA

2

AP 2 g S wlgd RS Qs HX o % ulgoA
T-(National Air Emissions Monitoring Study; NAEMS)o|A] A&
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[2338] A=L|of, a2 HiEFTS EItet FEIGHIEA

(U THZFHA A FH])

ﬂ Control
B feesventional sharry pis) |50
I' .| LA - hia

(=~

Asrobic OSALMENT Sy ilem
bor Hiquid marnue

[narde of swine room

Ventladson fan and hood {real e monitoning syitem)

32) Wi et al.,(2019) Evaluation of semi-continuous pit manure recharge system performance on

mitigaion of ammonia and hydrogen sulfide emissions from a swine finishing barn. Atmosphere,
10, 170.
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[E31] HH| X SHA|AEIO| ML E

[

Nzt gt
Control Treatment p-value Reduction rate (%)
n 14 13 -
Gas concentration
NH3 (ppmv) 149 + 5.0 10.3 + 3.8 - 32.6 + 5.3
H,S (ppbv) 1,122 + 137 239 + 75 - 78.3 + 6.8
Gas emission rate
NH; (g d 'head™) 13.8 + 4.5 6.6 + 2.4 0.0000 53.3 £ 6.6
H,S (mg d'head™) 2,146 + 311* 338 + 92° 0.0000 83.7 + 6.8

ab Different superscripts in the same row meaning each group are significantly

different. (p < 0.05)
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