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Abstract

Ammonia (NHj3) is an important pollutant that plays a key role in several air pollution
problems. It can create odors and have negative impacts on animal and human health. The
largest source contributing to Ammonia emission is the agricultural production, in particular
animal operation, in Korea. The present study evaluated flux profiles of Ammonia emitted from
the cattle housing using a dynamic flux chamber. We have developed the emission factor of
Ammonia from the cow housing. Analysis of Ammonia flux variation was made with respect to
manure surface temperature, pH, and ammonium concentration. Ammonia has been measured
from calf and cattle housing between October and December in 2007. In the fall, average
Ammonia flux from calf and cattle housing was estimated 1.342(+0.728) and 1.323(+
0.655)mg/m?/min, respectively. In the winter, average Ammonia flux was estimated 0.889(+
0.362)mg/m?/min from the calf housing and 0.925(+0.511)mg/m?/min from the cattle housing.
The correlation coefficient between Ammonia flux and ammonium concentration showed
stronger relationship than the relationship between manure pH and temperature. In the fall,
Ammonia emission factor from calf and cattle housing was estimated 4.46(+2.39) and 6.03(+
3.27)kg-NH;/animal/ yr, respectively. In the winter, average Ammonia flux was estimated
2.88(+1.53) from the calf housing and 4.24(+ 1.63)kg-NH;/animal/ yr from the cattle housing.

Keywords : Ammonia, Indirect Greenhouse Gas, Animal Operation, Ammonia Flux, Ammonia
Emission Factor
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2001; Battye et al., 1994).
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Qkste] ¢ele] Hrk(Erisman et al., 1998;
Warmenck, 1988; Aneja et al., 2001).
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Figure 1. Location of sampling site (Yeongcheon)
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Table 1. Manure temperature and pH and ambient temperature duing sampling period

Sampling time Temperature (‘C)
Season - Type Manure pH -
Date (mm/dd)| Time (hr) Ambient Manure DFC
14 Cattle 8.2 19.1 17.8 19.2
10/26 Calf 8.2 18.9 18.3 19.7
aoyv 20 Cattle 8.1 11.6 16.6 14.1
Calf 8.1 11.4 17.0 14.6
Fall 14 Cattle 8.2 13.4 123 16.1
11/11 Calf 7.9 13.4 11.6 15.0
3Bov 20 Cattle 8.2 5.4 75 6.3
Calf 8.2 55 7.4 6.3
average 8.1 123 13.5 13.9
SD 0.1 5.2 4.5 5.1
14 Cattle 8.4 10.0 9.2 10.4
12/21 Calf 8.2 7.8 7.6 8.3
v 20 Cattle 8.2 6.4 7.4 6.9
Calf 8.3 5.7 5.2 57
Winter 14 Cattle 8.4 7.8 6.0 8.1
01/04 Calf 83 33 4.6 4.2
COR 20 Cattle 8.1 1.2 37 23
Calf 8.4 03 2.0 13
average 8.3 53 5.7 59
SD 0.1 3.4 23 31
D The passage of day for bedding in cow housing
T 9low], 309 A3 FAE AR AUS HolT K9 A 2L Yol FEAF o] Folof @
Sk, 7FeAe A9, B AT Aol B2 ot ok Fu A WA Aol(§SE o 8.5m?, FolA
A A Qo) i WSt 102 A A & o 5.Tm2ek 49| Aol mhE i Py
165.4(£39.8)mg/LAoH, 304 A Aole (A2 ¥ & 7Tl wE 2k T Zolof uf
620.6(+145 8)mg/L2 oF 3.84) Z7}stelch, 8] B Ao AZME Eah HioAo] gy o} )
&9 A9 A9 2 A we grme] S ol ofg g Wi, 7l vlee
O

& BEE 27 201.3(+55.6), 558.7(+£90.9)
mg/L2A oF 2,88 S713S & 4 ok ARE
ol 23] Aol meh FopA|o &9 S-A
YRFOI e A2 4.7, 5,39 ST ¢
ALY A GiFole HEE Figure 2014 BE=
HRe} o), AT AdollA= Forxe K9 4
9 ol g 79 Aole HolAl= Wk
o}, Aol whebals 7ol el A&Ho] o
=3

29| A7]e) ©E &

5970 B B7] dao] S

e Fobe vl
SR Tefaiehe,

Aol mlsf 7]0] o}, o] glste] Ao
& AgH vlef 7k £ pH7} STt
(Ni, 1999). o2 ¢lsto] Hir £0] ¢} izo]Lo]
ArUotz HehHgo] wo }Z% 7] o= wol H
SHojd A YRlY Aew HzEY, B Fg
3 B7HE SleiAe S %7%40 A7} ey
ojxjof g Ao g H7tE

2. YEL|of S3A Ha}
_/,\_0],;(] X o } ]/\1 72l

Yol ZZ A= Figure 33 gt}

o] whE FE
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Table 2. NH4* concentration of manure duing sampling period

o NH,* Concentration (mg/L)
Season G/l Cell NO. Calf Cattle
Day time Night time Average Day time Night time Average

A 200.3 110.6 155.5 377.1 114.1 245.6
B 286.9 129.8 208.3 205.5 130.6 168.0
10/21 C 2274 724 149.9 272.2 1185 195.4
aov D 163.6 132.3 148.0 210.1 182.2 196.2
Average 219.6 1113 1654 266.2 136.4 201.3
Fall SD 51.9 27.7 39.8 799 31.4 55.6
A 538.5 773.5 650.0 495.0 468.8 481.9
B 884.8 541.8 713.3 583.1 618.5 600.8
11/11 C 623.1 539.1 581.1 631.9 409.7 520.8
GoY D 624.1 440.4 532.3 709.5 5534 631.4
Average 067.6 573.7 620.6 604.8 512.6 558.7
SD 150.3 141.3 145.8 89.9 92.0 90.9
A 919.0 679.8 799.4 867.1 586.2 726.7
B 765.1 877.2 821.1 1057.1 7225 889.8
12/17 C 647.4 799.4 723 4 712.0 $31.4 771.7
MY D 894.3 861.2 877.8 742.1 766.3 754.2
Average 800.5 804.4 805.4 844.6 720.6 785.6
Winter SD 1257 89.6 107.6 156.8 103.7 130.3
A 260.0 142.6 2013 113.6 146.0 129.8
B 96.0 156.9 126.5 189.0 110.9 149.9
01/04 C 136.1 104.6 120.3 145.3 188.6 166.9
GOw D 281.6 187.8 2347 1587 127.6 143.2
Average 193.4 148.0 170.7 151.7 143.3 147.5
SD 91.3 34.5 62.9 313 33.4 324

D The passage of day for bedding in cow housing

900
_ 800 I:]Fall meter E z ODagtime ENighitime
- -
= E
g 700 ) g
£ 600 :
= z
£ 500
c
§400 A B c|/D A B C/ D A B c D A|B Cl|D
10 days 30 days 10 days 30 days
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‘_é 200 (a) Fall
100 30
0 P E E 25 ODaytime  ENighitime
Calf Cattle g2
21s
Source £
Figure 2. Seasonal NH,* concentration of manure £,
00
A B c o A B c o A B c o A B c D
Tdays 30days Tdays 30 days
Calf Cattie
(b) Winter

Figure 3. NHj flux from manure of cells in cow housing by
the passage of time of bedding



8 AT/t M193 M1ZE
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of ZY A= AJ7tol sl W AJ7teol A

. Hat 1.7) v o A FZEHA o=
AR O] 2 357} HEAIZEE of] H]al AFea <
I AZrEY, 7R AL
27 741 A7k ‘IP% SORA] AR QFH ot &
/\] 0.692(+0.226)mg/m?2/

1
min% o4, 304 Aol 1.991(£0.280)mg/

m?/min2A] o 30 F7sted, ol 712k Fare]
AEl Ghmipole ol ulkdt 20 5718 B
St 293 59 9Abe) A9E 27 Ao wek

Yol ZYALE 7k 0,837(£0.226), 1.323(+
0.387)mg/m2/minZA] °F 2 28] Z7}slo], 4o}
A fAbel Hgf of7E W FHE Hlrh 1A
AZHole 7ol vls) ozt w2 2.1, 2,849
S7HE B3l 2o RE & s dRyoks
Z 9] 2ol oA YRS whet], &7t Wof
x]tq pHE= o] LER=Y AMA O 2L ofHL o} =
a7} wobdint, wheha, AEHo] 7HEol Hls)
27 7] weh W SRS Hole AL AR
A e 7] gl Ao A7,

SOHAL}F £9 ALY R o} SYAE AHY
2 H|wsHH(Figure 4), 7H3 SO A o
Yol Z2AE 1.342(+0.728)mg/m?/min2A],
ALH2] 0.889(+0.362)mg/m%/min®] H|3} F
L5 =9Itk 18l 59 SA|A = AdE = 7}
7} 1.323(+0.655), 0.925(+0.511)mg/m?/mins

25

OFall @Winter

NH; flux(mg/m?/min)
- - N
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[
3

0.0
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Figure 4. Seasonal NHj flux from manure in calf and cattle
housing
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2 A9 A= AHE 5(2007)50 AR

48 A &9 $A] 1.619 ~ 2,334 mg/
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&4 A 2410] 0,.672mg/m?/min®] B3|A = oF
2dl] okt AR A, FEYol HiEel wA=
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— =24
2 HIRAY AT 5) So| THE Ei Bt
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Figure 5. Plot of NH3 flux versus NH4* concentration for
bedding at cattle housing
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Table 3. Seasonal NH5 emission factor of cattle housing

Flux (mg/m?/min) Emission rate (mg/min) Emission factor (kg-NHz/head/yr)
Fall 1.342 36.21 4.46(+2.39)
Calf Winter 0.889 24.01 2.88(£1.53)
average 1.115 30.11 3.67(+1.96)
Fall 1.323 22.95 6.03(£3.27)
Cattle Winter 0.925 15.19 4.24(£1.63)
average 1.124 19.07 5.14(£2.45)
Table 4. Comparison of NH; emission factors for animal feeding operations
Researcher Animal type Study period Source NH; Emission factor (kg-NHa/head/yr)
calf Fall 2007 4.46(+2.39)
This study Winter 2007 Housing 288(1.53)
cattle Fall 2007 0.03(+3.27)
Winter 2007 424(£1.63)
EU EPA (2005) cattle Yearly Housing 4.4
Rose (2003) Dairy Winter 2002 Housing 48
Steenvoorden (1999) Dairy Yearly Housing 10.9
Asman (1992) Cattle Yearly Housing 7.4
Mukhtar (2008) Dairy Yearly 2005 Housing 9.4(+5.7)
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