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Effect of Benzoic Acid-Supplemented Diets on

Ammonia Emission Reduction its Determinants in Pig Barn
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Abstract Ammonia is an air pollutant that affects both ambient air quality and worker health, and has recently been
identified as a precursor to the formation of fine particulate matter (PM,5). Accordingly, the livestock sector is increasingly
required to develop technologies to mitigate ammonia emissions. This study evaluated the effect of benzoic acid-
supplemented diets on reducing ammonia emissions from pig barn and quantified the total free ammonia emissions
(potential emissions) based on slurry composition, thereby establishing a causal relationship for ammonia mitigation.
Ammonia concentrations were measured in real-time both inside the pig barn and at the exhaust outlets, and the annual
ammonia emission factor was calculated by incorporating ventilation rates and number of pigs. And, slurry samples were
collected weekly and analyzed for key chemical parameters such as pH, electrical conductivity, ammonium nitrogen
concentration etc. The results showed that the annual ammonia emission factor was represented a 54.5% reduction upon
feeding with benzoic acid-supplemented diets (0.5 kg/head-year) compared to control (1.1 kg/head-year). In addition, the
both pH and ammonium nitrogen concentrations in the slurry were significantly lower in the treatment, with the ammonium
nitrogen concentration decreasing by an average of 34.0%. Furthermore, the estimated total free ammonia emissions,
calculated based on slurry pH and ammonium nitrogen concentration, showed a trend similar to the actual measured
emissions at the exhaust fan. On an 8-week average basis, the total free ammonia emissions was reduced by 66.1%, and the
actual emission by 58.8% in the treatment. These results demonstrate that the benzoic acid-supplemented diets
fundamentally reduces the volatilization potential of ammonia by altering the chemical composition of the slurry. This study
provides field-based evidence of the effectiveness of feed additive-based ammonia mitigation strategies and quantitatively
estimates the potential ammonia emissions to elucidate the causal relationship underlying the mitigation effect.
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Ammonia monitoring location

@ Inside the pig bamn

@ Exhaust outlet (with ventilation rate)

Benzoic acid

Slurry sample collection

O Sampling point
(four sections under the bamn)
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Analyzed parameters

pH, Electrical conductive,
Total solid, Volatile solid,
Organic matter, Total nitrogen
Ammonium nitrogen
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Air outflow

Inlet

Inside the pig barn

(a) Experimental pig barn

Exhaust outlet
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Measurement point

(b) Airflow measurement points

Fig. 2. Experimental pig barn and airflow measurement points.

mE A FAHE, 2 Wi Aol AAd 2
= 1717 (0 500) 2 BiEHTH(LH 2a). 29} A
g7e Hro] EelA Al AlF 30 kg HAE 2
7t 48w 4 i AISHLAL, ti 2ok A2 o] Y 2
oF g7] WAL FUSHA AY AR dlxTe
At wigtALE, AT WA 2%7F A7bE Al

€ AT AR 712 |12 &St AlF (100

kg) =2 A7HA] 57 (°F 85F) &<t 5kt
2.2 UHLIOF =, Hi7|F 27| H = R

2 &3

X Yol (Ammonia, NH;) 55X+ Multisampler
(INNOVA 1409)7} 25 Photoacoustic spectrome-
ter (INNOVA 1512, Lumasense Technologies, Den-
mark, Detection limit 0.2 ppm)& ©]-&5}] AA|7FSo
& skt 24 AL = Wi = 3717 &
YEE ol FAT (nlet), = W] 2AAF 2
=019 S4AH (Inside the pig barn), 12|11 =45
B 7] 7-2] 59F (Exhaust outlet) © 2 A5} H 1H
22). dHRUol = A7t 7HA o2 a4 oF 10039]

zxsiglon, 54 AUl AR 1Hg 54 Agke]
Z 662 (7F2 B9 5%, 27 50%, ZA 11x)0|1
24 1 ppm ©J59] R0} 55 8Helg 4 9]

27 Al AR 7o) RO} E2 714 (50 ppm,

Rigas, Republic of Korea)& A4 7} (Daedeck gas,

99.999%, Republic of Korea)= 3]4J5to] 1[G & 7
A o] kol EE7EA (0, 5, 10, 20, 25, 30, 50
ppm)% AMRSte] WA AA-S 2R SEY T =R
Hj7]e] 752 HIQ1E F-4:A| (Model 435, Testo,
USAYE ol&stel w) 7 vse] 107 AHeld F
2% 7, BRYL FokT ol AT wl
X3} Foto] A2aATH(1Y 2b). 1 27 AlE
oM 18L7HA] HxF =1e] B7]F2 1220491
m3/h, H27 HO% 1244433 m*/h& AT 7*°ﬂ
So]A 2o]7} YT (P<0.05), 18Y ©|F H7|=F
th27 =4 3524 +76 m¥/h, 22T =4 3462+ 173
m¥h, o] Eg A2)7 7] 17 Ffol7} it
(P<0.05). = Hli7]FollA S4% Yot 5=t
712 ot o] AbAe] wheh Ry ol HiEw
(Ammonia emission rate, g/h) A4l ©]-8-5HATH(1).
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kg/head-yr) & 4H=5FITH(2).

AEX24X365
PHX1000 &)

o714 AE= U ot HiE (g/h), PHE AMF
(Pig head), U] /g ©9] eHibs 9Isl| ARES
Ak = WF 2= AARE SA7H](ICT SMC-
350 Auto, =4 W 0~50°C, Jiwon, Republic of
Korea) & &-85to] SA45tiet. 71 A3}, Al 10l
A 1847kA] R 25.0+1.4°C, AT 24.7 +
1.7°C, 18 o]% W2 25.3+2.3°C, A2 24.5+
2.5°CE AIA71ZF FQF A2+ Tholl 7092 Zfo)7}
AATHP<0.05).

2.3 &£8{2| 42

2Ag sejols B YR NES 47slon 7
Bslo], 7} 78 7} AFoIA F 19] AT T &
Fstalrk. 3, 18] A2 Ankeh HelpEE % agel

<=9 Al
THAE 715 (MOLEG, 2024)°f &35} pH, A7
LI (Electrical conductivity, EC; ES 04310.1c), 1!

& (Total solid, TS; ES 04851.1), 39 13 &
(Volatile solid, V'S; ES 04852.1), 7] (Organic mat-
ter, OM; ES 04852.1), &3 A (Total nitrogen, TN; ES
04363.1a), ¢
N; ES 04355.1¢) & 45t} pHE 57 5 42 Y
otet &89 A H -5 (Ammonium, NH,*) 2]

g FE F8 AR, pHIt O Yo} 3

= BA59 Seje] AR 2403

o T

A s A4 (Ammonium nitrogen, NH,-

S
At

.= 743; _irxqa 2 o]gtq oko]go] o}p._%
St oW HAHELIL ot d8 1 F3
20t dRE Aae 371§ dEYot fAt A4
T o] §J& R FEo|th(Serra-Toro ef al., 2024; Qu and
Zhang, 2021; Garcia-Gonzalex and Vanotti, 2015). Z}
420 B4 Rle Aoty pHet A7 e 2t
T2 B I} ARz B 2] (Model 850C, Schott, Ger-
many)& ©|-85t] SAotAth pH Z2H o] 24 i

A= pH -2.000~pH +19.999, AU pH +0.005]

A, ANAERE 2gHO 24 HE -999.9 mV~

+999.9 mV, 3UE +0.3 mV] AFFS ZH9ith &

VPE2 A7) B &Rl E Y 110°C°ﬂ*1

2417 AxT T A% A3t T £ S5

o S 1EEN fU1ES A 57}1401] &g
1

(Sodium hydroxide, NaOH) 1} 78R (Potassium
persulfate, K,$,05)°] S8 dZ2|A wsibt&

|H S5 T T 120°CollA] 3027t 71
S, AT F AR UHE Holol B4 (Hydro-
chloric acid, HCl) 8283} 23+t ] UV spectrometer
(220 nm)E FFEE St diE dae &
o]l A&t 1Y|<E (Magnesium oxide, MgO)& 3
7tk A28 ZAY &2 (Vapodest 50s, Gerhardt
GmbH, Germany)E °|-&5to] 2Asi3ict. 2 &
Q“EH AlZF 2~42, 3158 99.5% o/, B +

19 HES] 0.1 mg-N9] AFFS 2h9]

A=

2.4 X7 LZL[o} F HHEE 3 SHEM

2t YR YO} (Free ammonia, mg/L)= &2
A 87 Fom it THsAde 7 Yot &
WA sador, 9 pHY T dRYoM dAa
(Total ammoniacal nitrogen, TAN) &2 AA4gHct
(Liu ef al., 2019). ¥t &2]2] pH 7 olotd 4%, &
SEoby W4 A s A4 olgo] et}
(Li et al,, 2012). A+ FEUoL AMPA S thadt &
ct.

1.214X ANX10PH
66344/(273+T)+ 1 OpH (3)

o714 AN &88] Y d2E d4A 55X (mg/L),
pHE €8] pH, TE 542X (20°C)°| T} (Liu et al.,
2019; Li et al., 2012). 2181 A& ol &2 g

o7 IstE|x| M 41 E M6 S



L2 NG R ES

(il

(

Q
-
~

Ab &7

(=]

fAlZ S0{0f HE = f2L{o Mz

E s
e -
e . g
H £
z 4 5
8 e
g8 3 z
2 3
g 2 H
5 >
< 1
L Y
0 X
123456 7 8910111213141516171819 2021222324 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57
Day
(b) 7 14
= Control ~ ===a- Treatment
E s
& -
s s £
% &
£ H
] e
8 3 z
a 2
H >
< 1

123456 7 8 91011121314151617 1819 2021222324 252627 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57
Day

Fig. 3. Median and variability range of ammonia concentration inside the pig barn (a) and at the exhaust outlet (b).

FHAL 0E YR g A 4+ o]&sto] =t
G R Lo} & Hj&EFF (Total free ammonia emission,
g/h)& AASATH (Montes et al., 2009; Arogo et al.,

1999).

4

3600

XHX X XAX ——
((FAXHX1000)~AN, ) XKoy XAX 00

(4)
o714 FAE A dEYol(mg/L), H= dA2/d=
(0.79), ANypieni= H71 5 FE YO} 5% (2.59 mg/
T E YR A AT(5.91x107 m/
S92 EHA (44.66 m*) oItk UM 2] =
&9 S Qlof ARESISITE SARAS et
Ae]o] 4 A} hol| {04 Aol 5 74517 9
3] oAl (Microsoft Excel 2016 version)& ©|-85}%] F
Teste} T TestES 4-9Y5F 1L, SAS version 9.2 (SAS,
2016)E ©|-8 19+ 2 gl (General linear model)
2 27} BAS AASH BAH FOH.E o5k Al
2] (P <0.05)2 ERlsto] ottt 1=jal A
AP A} QEUo} 2 W&} A4 Bl 27
3 omUjo} w2 7he] Y Pl BAG] 9

= -

m’), Kop-&
s), AE

T—)L_l_

—‘[U

off A1 ol (Spearman) = FHAIS (p) 2} HIAE
AR 485 AHAS (RHE A5k

Luo} 4k 381l Qo 7|A- KA HY, A
FHALAY 5 A Hgo] S 7)ol vy
/ol vetd 7hsAdo] =tk 2ot (Sommer et
al., 2022; Hafner et al., 2019). o]o] & 3= 12
A& IAst] A A4S AAsteH, A

o)A 95% A4 (P<0.05)2 A5

EL?.. oﬁ.,

3. 3% P 1%

3.1 =ZL|oF Xz =t

AEYol Fr= 17 304 =4 WE (a)<} Hi7]
T (b)E FHEote] Felstglon, Hejda otry
of F&0] 4 YR AT dRYot F=o ¥
T (HA)E 12 Yeiligich Al 1890 &
AR AA-e Bhr|ke] WskE vehd Aotk A1d 1
Ao} 57URF =9 YR Yol T T
7} 1.5 ppm©ll A 4.0 ppm, A7} 1.0 ppmol A 1.2
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Fig. 4. Boxplot of average ammonia concentration inside the pig barn (a) and at the exhaust outlet (b).

ppmE, HZ2o] Hls| A 2ol A F7FsHaH.
wj 7] o] etruol HL e A oA o HA Z7}
SHATHTHZ 2.4 ppmOl| A 4.2 ppm, A 2]+ 1.5 ppm
A 1.4 ppm). A|A7IZF S t 22} A 2|9 o
Dyol Fo] tigt 4 FAGS T teste} GHHAY
RE(SAS)yE o837 SARAE AAISH 95% 41=]
o e FodES =AU A3 P=0.005% A2
F7h 2T o] foldom wsrth £ el
FH Yo} 5= 53.7% (HET- 3.4+ 0.8 ppm, A &
1.8£0.9 ppm), HI7| 78] FH YO} Fe= 47.8% (T
Z43.340.8 ppm, A2 1.5+0.7 ppm)7} T2
Hlsl] #f2]toll A fAasint 2]l Yot
TYE MeAS BrHor = WiRelM dix
T 3.3+0.8 ppm, AT 1.5£0.7 ppm, B 7] A]
HET 3.440.8 ppm, AT 1.5+£0.7 ppm=Z, TR
of vl AzlFoll A o} Fro] HEAgo] of
50% SHoleh. Aelahe, a7 o} o] W
S40] A1 F7)H0= W} ekt W, el T
L 2y R 2748 A9lekT Y HY B REs
Rtk dETet Ael el B 7x, W% L

A5 ol A1 HE TeleI, olelet Aol
747 Qe Wxs At Folo] Be 52
2 ) 81514 wsle] |qlg Ao Pk B
o Mz AMRE Fofshd i 1] pH7} ol
A, 9k welol G g Aol AsHet
(Murphy et al., 2011; Buhler et al., 2006; Cortus,

FUl

E

2006). ©] 712H& pH $E2HG-0 2 QI3 o
E‘ET BES GHE ZOE o|FA7|L, FUHH R
W Aol At o] Yo} $j4to] At A
13}. B ofuEt AP S22 9] o]t atehA
Hh-go] A7 A&EHA FHYof FEo] HEA
= A EEA =
etal., 2015).

I8 4= AYFEE dRYol 5= 49 Hdgd
= HAERoR TASKSIYH T test?t AHHIPR
2 (SAS)E of-gsto] tixTet Ao drYot &
T A Fatgkel tigt $ARAS AAIRE A, A
T 2ol 95% 412 0] FAA F-94 AfolE Bl
THP=0.0018). ¥E Yo} Fr= thRof vls) A=
TollA =9 = 53.5% (HET 3.1£0.8 ppm, A
2|9 1.540.7 ppm; 1 4a), 7] 7= 48.3% (N2
3.240.7 ppm, A2 1.740.8 ppm; L 4b) 745}
ek 2ea A AER JEHE HH A2
£ gzl vla Bha Zolql ARES] #$] (Inter-
quartile range, IQR)7} &1, =9 UlF-o} vfj7]4L &
FollA A2l Fte] Yot FE7t folshA ¥
F= HATHP<0.05). o] A¥h= 117 39] ¢fE Yo}
Z A3} olatbe] okAfoln Wl ZAF HrpAlE 2
of mg &ue] W sfota] ARl ot Aow w

th. ol AT B HlE 37 T dRUotd
Z7F o] v thA 2] o &2 we ghell J
o= FHYot A At UEhd Aotk &

O

L

O:

=] Zo]th(Liu et al., 2023; Fangueiro
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2] W sfeha A& Aate 3.2 &2 A8 st
A ZASHA] Th2d

24t M7 bE Folof e bR yor A% 2t
= ol AdFo| A HIEQIth Eriksen et al.
(2014)2 HIZAF 1% 7 HEE Foleh A9 2
£ AFste] 25 L §EE71el FA% F HlE 37
T dRYol =5 A 27, thET (240 mg
NH;-N/m*h)ell vl # 2]+ (125 mg NH;-N/m?/h)
7} 48% ASFIT E thE Aol A= HlEAY 0.3%
A7MRE FoiT 4] B g 131 ¥-37]0] ot
547 iRt Ayl wilE 37] § Rt Fl4tko]
30% (THE 49.9 g/m?/d, A 2] 34.9 g/m*/d) 745}
ot (Humphrey et al., 2022). |- Kim et al. (2025)
2 71E] #n ¥WT] AT 2, S xdE Y
N AR F21 #A] 8ol WAL 1% 7R E &
of St A 24417 Bt HlE 37 9] FRUot T
£ S7steict. 1 A3t th2(2.87 ppm)©ll BISH A
2] (1.10 ppm) &] FH Yo} F7t 61% FAsHAT
o|A Y APAFEL Ao WA HA7MEE &
gt & FRE ol A0 R F7|E FUSHA
LE, 24417 o]y o] @77t fR Yo} B & ZA5HG
o}, mebA], 2 Ateh= 4 2ol Zpel7t Slof &
28] A2 Hlule= of Yok, o, AR50 4
o} Aoy AHFS Hom, B Atoa HEH
24 7 AR O] R Yol A7 Aol B
SR skeich

e Addaatel ge, & Aol vzl
PHYol B & S ARl Z]Hlsto] A
7 A T dRYol MiEASE AESHIH. 11
A, 2= 1.1+0.2 kg/head-yr, A2 F+= 0.5+
0.2 kg/head-yr=2, & 2|74 54.5%9] Lo} vj=
A57t AASHAH. 59] 29| Ry o} viEA
T U 84 HSE AR =7 AR (1 kg/
head-yr)¥} 42|5to], 2 H70] tjuAS S st
AtH(MOE, 2023). ¢t Yot 24 AvE QoFshH,
Hl 24 7R FoE SOl ElelA siE s o

TUo} Frt 47.8~53.7% Astg o, A7k viE

7z 500l M2 = 2ot Mg g1t H HS 995

AFE 54.5% A4S a7} vehgth E9 b
Yol FE 9] dYd §F Zo| HAasto] 2|

A= O] Fof7h EAF frefl dEUol S-S P o]
W A& 07 Alojd 4+ Sl BRI aEdS €

sheaet.

2k

3.2 &2 42 st

S8 = A7t B¢t 5 13] A Fste] pH, A7)
ALE, FNFE 5 & 770 F5& 24t e, 1
AE F 19 AXSHAT o] T dRYof $i4tt 2]
Aoz AH pHO YHE B4 Fhe ARE A
Thof] 2 HSHE AlZH o2 BHSH] S8 i
= et AT (2E 5).

A7)t B A7 ATt dRE A 5Lt
At Ttol] 5914 ztolE HYlow, pHE A8 5
HF o] FHH {012 2to] 7t e THP <0.05). 1
5014 Z2]5-E pH H2HS AuEH, AIY 1574 o
H] 872} Al ol A ti2+= pH 6.86°14] pH 6.58=
0.28 A5 AL, A2 4= pH 6.98914] pH 6.13.0.2
0.85 ZA-stiet. oof Wt Al 852 pHE A2+
7b iz FET} 045 FATh A oA B & Z9
pH a7t TEE AL wixste] 28 e]of o
o] et dutH o= Atm uf ThlEE oA A
stet S5 Sof| Aa R0l XFo & o] Fsto] i
Yol (NH;) Fef= M= (ofu] 4t + NAD ' +
H,0 — NH;+NADH+H"), o] Q43|22 74
84 (NH,CONH,)2 §A4d & k= vjdect
(2NH; + CO, + 3ATP — NH,CONH, + H,0 + 3ADP
+ 3Pi; Cortus, 2006). 1L} Wl ZAto] A7 AlnE
A FI5H, HZAT (CHsCOOH)2 27doA F5]
o] ke g o]Fet F 24l (NH,CH,COOH)} 2
gote] 5]F24H(CH;CONHCH,COOH) 2.2 7t
= 5 =2 wjd ¥ (CH;COOH + NH,CH,COOH
+glycine N-acyltransferase - C;H;CONHCH,
COOH + H,0). 3] F 242 f7]4e] dF o=, &7
2] pHE A5tA7]= 4TS Hoh(Murphy ef al.,
2011; Buhler et al., 2006). Eriksen ef al. (2014)2 Hl =

i
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Table 1. Slurry compositions.

Weeks pH EC (ps/cm) TS (%) VS (%) OM (%) TN (mg/L) NH4-N (mg/L)
1 6.86 7185 14 715 1.0 1464.0 994.7
2 6.77 8118 16 70.0 1.1 1578.4 1088.2
3 6.64 8645 24 79.5 19 27258 1465.7
4 6.53 9380 31 80.0 25 34224 1568.6
Control 5 6.59 11523 40 76.2 3.1 42796 2055.2
6 6.63 11915 42 78.2 33 49440 19135
7 6.68 12503 48 79.0 38 50435 2464.9
8 6.58 12390 6.5 80.1 52 51344 283356
1 6.98 4675 0.7 69.1 0.5 1036.5 576.5
2 6.54 7545 14 72.1 1.0 1364.5 755.6
3 6.45 7628 17 76.9 14 2186.1 9146
4 6.34 7858 34 81.8 28 32037 1077.8
Treatment 5 621 9003 40 832 34 43319 1164.6
6 6.09 9710 43 83.3 36 4947.0 1304.5
7 6.16 10250 5.1 84.1 43 4890.5 1770.8
8 6.13 10828 59 84.7 50 44185 1922.1
1 0.37 0.01 0.04 0.48 0.05 0.01 0.01
2 0.07 0.00 0.54 0.54 0.75 0.16 0.09
3 0.05 0.00 0.21 0.40 0.23 0.05 0.00
4 0.25 0.00 0.77 0.43 0.72 0.24 0.00
Pvalue 5 0.11 0.00 0.98 0.05 0.78 0.91 0.02
6 0.00 0.00 0.58 0.00 0.17 0.99 0.01
7 0.03 0.00 0.52 0.00 0.28 0.27 0.01
8 0.01 0.03 0.49 0.00 0.80 0.04 0.01

EC, Electrical conductivity; TS, Total solid; VS, Volatile solid; OM, Organic matter; TN, Total nitrogen; NH,;-N, Ammonium nitrogen

4t 1% A7HEE Foltt HiA] 2ol pH7L
(pH 8.4)E.th A 2] (pH 8.0)°14] 0.47} W3k m, ]
YT oA s]F240] v S ISkt & ot
2 AFoHEe Mz 03% HAVMAR o Al Bk
pH7} 8.252, X (pH 8.59) 2.t} 0.34 WS¥Al, 9]
pH = 2+ pH 7.73, A3 pH 7.302.2 0.43 7
A5ko] W O] AVt Eir pH #Ae] dFE & A
o2 UEGTH(Humphrey et al., 2022). Kim et al.
(2025) QAN E |ZAT 1% H7HALRE FoIgh =
2] o] pH7} 6.212, 2 (pH 7.37)°ll HIF] 1.16

Holth o] AgATE= Hﬂiﬁ A7MRE FoA]
V= AT 2 =5 A9H o= 236te] pHE
S W, & AT AE5H 02 2] Einrt Hf
AE|e v fEZRE &ejae 3 ste] 25}
7] wiell A S0l vl ok gk Wl
24 HA7bE gol B &2ld pHIt ti2e

v pH 0.457} WoFd 22 Eriksen et al. (2014)3}t
Humphrey et al. (2022)2] A Axe}t AL
Je)3 B AT AT ko] ARee] $AkE 2
Aol 5511, pH7t AT 2] §214 7ol
7} lg7el Astel AL a4 glglek B
g oujet Aol ol gel e Am bt vl E pHE
spelgto R @4 242 weskarts FelA o
|7} 9lgiek

HIZAH(CeH;COOH) 9] & T2 287[Ho=R, 4
shaprgoll A ofr]ieAtel 241 (NH,CH,COOH)}
Aohs 7132 dHHA Q] ofn]eqte] A A
&% 24 (NH,CONH,) JH|9] d4 vidE &
o], 5| F 24 CH;CONHCH,COOH) JEj 2] Hj
S F7HIA = § 84 wilde AT (CH;s
COOH + NH,CH,COOH + glycine N-acyltransferase
— C4H;CONHCH,COOH + H,0; Buhler et al., 2006).
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= TEA = F axt £ F SHlobde] s
wollEo] dEES A5kt (NH,CONH,+

H,O0 + Urease — 2NH," +CO,+20H"), #lxAF2

o] AL FHF AHEQ dRE] S AT
(Cortus, 2006). 18 504 4 Rg A4S 5= A
A 154} o] 85t thRTOA] 994.7 mg/LolA]
2833.6 mg/L2 1839.0 mg/L Z7}5h HHH, A 2] Lof| A
= 576.5 mg/LAA] 1922.1 mg/LE 1345.6 mg/L 57}
sto] tizE o S7HE] A Th AR 71Tt B o
Ry A4 57t S7IRE A2 md =2 &7t o
ER f5o] 848 o7t §EgsH3l7] diw
ojth A|A7|Zt B BHAHoR dhE A T
HET(1798.0 mg/L) ]| H]al A 2] (1185.8 mg/L)]l
] 34.0% 3T} Murphy et al. (2011)2] AFA =
W24t 3% (30 g/kg as fed) H7HAFRE 1093 Foigh
A, 2] Ee W dRE Ha FE7F R 7.38
g/kg TH] A2+ 3.30 g/kg O 2 55% FrAoFTH T

2 ATl 21987 WIERAE 0.5% (5 g/kg as fed)
HA7Wre 5o Al A 2] dRE H4 ket
24 vjEo] Z+7t 8% #ASIth (Halas et al., 2010).
AgPAT AHE 7|9 e 2 WixAl 2% H7HALE o

A sele) o) ehE Aa Sl o 3537% B4R

2-1 0

Aom dEEglon, olg & A7 AV (AEE 5
I 34.0% 7HA) 9t GAFSH ARS H ATt

A Aok, A2 ed29] pHe YiE

Ak FE AR E §OI5H ol AL, o]

71 & FEYot 27oll 7]ofstit. b Yot g4t
=929 pH, YRE A4 9 2o A9 A g
= 7HAH, Al Z17] F2]7F WobAH ety ol
Aro] Zr45HA H Tt (Sommer et al., 2022; Chaoui et
al., 2008). it ot A4 FEO| B Haed
371 T gRYot FAagH T A o= &2@7t
A7 ERD =1 W7e] 7] wgho] gstod
dEYot o fA AAE & et Eut opy 2t #l
ZAto]l &9 pHE Y5o] PR Yot fJ4ke A5t
© Bt fEo] 84 vl g uhE dRE
4 0] 27} Aol A8 ehA] ThEelcHLi e
al., 2012; Buhler et al., 2006; Cortus, 2006; Ni et al.,
1999). AAZ Montes et al. (2009)2] FAlof wiz} A
AetlE o, Lt A pH 7014 pH 622
SopAld ol SAkeES of o148, FRUol &
2l 2E oF 90% Hashs Ao= UET ?HE &9
2] pH7} HolA|H R Yol iE Yol 4w
FAIRE o]&sto, fFE Yot Fit2 FolEolk &8
g dRE 4 e Adddor w7 wEE
= Quek olEet o2 &9 W dEE 4 T
o] FagHt 371 § Yot daee] ¥ A4
et Zlo= siAdEn 2o 4 2e] 41

3L
o
©
L
4

C]
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3.3 XIg YzL|o} & HiER
371§ dRYol Fhs 2k, 5, F 5 o
X3t S skl ool kS AR A fR U of
Z HiEF (olst HAA wiEH S ddd oz 2
Hete] ke AA e sod A2 (pH, 2w &
& F)rE 7IHte R AgERg Wizt HArtE &
ofo]] wE et uyol A7 avE APH o r Hrlo}
= ol #-85ttt(Montes et al., 2009; Arogo et al.,
1999). 53] flxA4F0] 2480 whE &2f2] pHE} R
=3 ST O] A7t AA Yot v v A]=
FFS AFH R FAT 4 9, 37 5 dRY
0} HH%S’J N3-S ks 2AE Als et 2
selgloA 7] Fo& it 754
= 7}L %*3140}94 A wE sE=, a2 W
pHe} F2E Joto] 37 o= 94t
g dEYot sEE AL & AN 2E2 BT
EHL2E(20°C)8 ol Altstaet. At gy
of T WMiEF2 AF dRYol Frol g4
0.79), H7] & FEYo} FE (2.59 mg/m’), IE Y
Hol AFAGA L (5.91x10° m/s), =2 EHAZ
(44.66 m?)2 H5te] AXFSHETH (Montes et al., 2009;
Arogo et al., 1999). ZAHAIgE Al4HA2 2.4 247 P2 Y
o Z & 9 SAREA F2ol stk

O% 62 A dRYot & wiEE =1 vz
9] tR Yo} viEF AZA] (o]t A MiEHE
Uehd Zojd 27 dRyot F HiE [E3S]
FAz o1, A viEe &2 AHF et A7)
9] R Yo} L& o|-gato] HjEF
oo & 23 7te] Al wiEw
RO erof fik} A Moz
TE 7N o R A5 R Uot F Hf
7] wfZell i §st A5 ¢
THNG, 1999). A @717 B¢t A2+
I A eSO Hgt S A
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Fig. 6. Weekly changes in total free ammonia emissions
and measured ammonia emissions at the exhaust outlet.

(18 6), 5 WEe] Foa AL Avloje 9]
AR} H1AY SR e S Bty
of. 225]olgt 2TAISE 2T p=0.959 A
T p=0792 o] 4TS YRS (P<0.05),

Y SARDY ARASE 2T R2=0.93

(E=1.326xJ"196)2} =)L R?>=0.80 (E =2.480 %
J029) 0 2 AP E ek BAIRA At A wiEwF
A S} 7Rt o] AdS 7HAH A ailE
=202 AN AN
AR AE “nﬁ%, tH 7ol A wiE
2 A 153} 2.6 g/hollA] 872 3.8 ¢g/hE 1.2g/h 5
7¥et BHH, A 2)4= 2.0 g/hollA] 0.9 g/h2 1.1g/h 7
A5kt A viES ot 2] A Al 1574
2.9 g/hol A 85F2F 9.9 g/hZ 6.0 g/ho] S7F5HA oL,
A FE= 2.5 g/holA 2.6 g/h= 2 H50] 913
o] A wiE= T A wiEol] A7zt
AA5HA A" A2 A H7arR ] 2%
Fojof M2 &g pHE AR E A4 FEo
7b R Yol #jEe] VM AR dleow
chelTh ek o 2 282 pH 7.0914 0.5 E‘rH
ofdaR 37| T YEYol it HAP A
s, ol FRE da Lo FA Ahe
Huo}l 24t 27 s B 7R XIT (Ellersiek
and Olfs, 2024). & Aol A 2 2J7] pH7} 650014
6.0°= ‘*OV‘ off, R o}l g4k FaEoe] S
e AE Bk ol &9 pH7E R Yot
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HX|of

ARE 7re] B Auiste, pH 6.0 olstolAe &
Botg o] Hgte] FA5] AotE 7] Wzolth(Li et
al, 2012). ©]2|gF o] F2 At FAHA viEFE
oot el A viEeF Al 2Rk WA {A=H
ok 3 7 HiEg2 A @It AAdeE A
Zrell zpol7t 2t G gloH, 85 Bt 7IEL
=2 Aeo] FAA wEge iz o] 66.1% (T
Z 2.8 g/h, 2T 1.0g/h), A viETF 58.8% (H
% 6.7 g/h, 2T 2.7 g/h) FAsHch AuHog
WA H7pabm gols S99 pHet 9RE A4
TEE WEo] A dRYot viEgE E90H,

o]a]@_ 9].61- Z] 159,].__ ng 01-3140]- HH%EC} 71:]—5\_
o

2 A= HjA o MERAF H7AbE Fo7F =4 &
2 FR Yol uijE A7l v A= FFS B 9
off 574 (°F 8F) B2t 71 T FERUOL FEE AA
ko 2 SAsto] A7 avbE EASHIH 191l &
2]2] &S ol-gofto] A=t A dhR Yot F &
g = o] d R Yol TR AR A s
Fko] vl 745 Foll 37 & dEYor A '
1O IS STt 11 A}, iR AR

£ FoIg Aelo] = U Fe} v 7] 4-o] efruof

Bt 242t 53.5~53.7%2F 47.8~48.3% 7HASHAL
™, o]of] wet 27|k 7|9 Az FE Yol sjE A
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AUrk ERF R Yol FE o] A H-FEo] Ao
A At 0 8 Zasto], MRAE 7 AR O] o
FHE Yo} HiEE QAo A o= Aofet

ikt s8] 429 8%, 2252] pHe}
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| dRE Aa T tizTol vl A2
oA Ht 34.0% %iﬁ}‘ﬂt}. ol HlzAto] ZEjAl
7 Agste] slF=4to = wjidd o2 S22 pH
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