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Identification of Ammonia Reduction Effects and Influencing
Factors in Pig Barn with the Application of Fermented
Liquid Fertilizer
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Abstract This study evaluated the effect of applying fermented liquid fertilizer to the pit of a pig barn on ammonia reduction
and analyzed slurry characteristics to identify contributing factors. The experiment was conducted in a mechanically ventilated
facility, with 32 pigs per group. Two groups were compared: a control group using water and a treatment group using fermented
liquid fertilizer as circulating liquid. Before the experiment, an amount of circulating liquid equivalent to 50% of the expected
manure for 21 days was pre-poured into the pit. After 21 days, the slurry was discharged and replaced with new circulating liquid.
Ammonia concentrations were measured in real time inside the barn and at the exhaust outlet. Emission rates from exhaust fan
were calculated based on ventilation data. Weekly slurry samples were analyzed for physicochemical properties and microbial
communities. Results showed that ammonia concentration from inside the barn of the treatment group decreased by up to
33.3%, and the emission rate from exhaust fan dropped by up to 26.2% compared to the control. Annually, ammonia emissions
were reduced by 27.3%. This reduction was linked to a 36.1% decrease in the volatilization of free ammonia from ammoniacal
nitrogen in the slurry. The reduction was further attributed to increased microbial diversity, which suppressed the dominance of
protein-degrading S. alactolyticus, thereby limiting ammonical nitrogen accumulation. In conclusion, applying fermented liquid
fertilizer effectively reduced ammonia emissions by preventing the buildup of ammoniacal nitrogen in slurry. These results
demonstrate a 27.3% reduction in the annual ammonia emission factor in pig facilities, providing scientific evidence to support
policy initiatives targeting ammonia mitigation in livestock facilities.
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(a) Experimental pig barn

(b) Airflow measurement points

Fig. 1. Experimental pig barn and airflow measurement points.
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= Manure excretion in the pig barn (kg)
xDilution volume 50%

2.3 Lol 5= =X 2 viEA I LA
ollo} =L ‘:',:jEVE‘.*% 2] (Multisampler;
INNOVA 1409)7} 224 33-35F B335 ] (Pho-

toacoustic spectrometer; INNOVA 1512, Lumasense

Technologies, Denmark, Detection limit 0.2 ppm)&
#3fo] ANk 2 ZAIGct 24 AFL £
2 27171 s S 9% 471 (Inlet),
= W] F4 A (Inside the pig barn), 11 &=
g vl 7] 2] - (Exhaust outlet) 2.2 A7 5131 0™
(I 12), 54 A2 1470 dRYot 54

= Az 10 S ATl F 662 (7 &Y 5
%, 274 50%, Z94 11%)0]9, A 1 ppm ©|5}9]
ol Hr 8 Bl 4= Qlrt. 4 A= AR A

of] A4 7k (Daedeck gas, 99.999%, Republic of Korea)
9} otH Lo} ZFE 7FA (Rigas, Republic of Korea)E ©]
&oto] wA 9 HFAS 25l A F 7
7l o] ermUo} EE7}A(0, 5, 10, 20, 25, 30, 50
ppm)E AFEEI] 2ot ol EAE
W71 Adto] K5 B H1Te) Ghmfol
5 olgs}o] 414 3 (Bq. 33 o] AT

Eqg. 3. Ammonia emission rate (g/h)

(Outlet ammonia (ppm) — Inlet ammonia (ppm))

273.16 K
(273.16 K + 20°C)

17.03 (g/mol) «
X
24.45 (L/mol)

X Ventilation rate (m3/s) x 3.6

¢t & SR olgtet R AL AT HAIE
7] (MOLEG, 2024)°] %35} pH, A7 = (Elec-
trical conductivity; ES 04310.1c), 52T 1155 (Total solid;
ES 04303.1b, ES 04851.1), 2Fo}21F4- @ 5% (Chemi-
cal oxygen demand; ES 04315.1b), &2 4~ (Total nitro-
gen; ES 04363.1a), & A E A (Total Kjeldahl nitro-
gen; ES 04363.3b), R ot A (Ammoniacal
nitrogen; ES 04355.1c) ¥ 4t A (Nitrate nitro-
gen; ES 04361.1b) 5 #4153t} pH= f Yok}
Fryold d40] PP IS F= T8 A=
pH7} Eo ™ ¢fRo} fjtto] F7leith A7 E

o7 IstE|x| M 41 E M3 S



X]/K lr_E

A4 7VA

=
=
J

91@4 oto]m Ohwwo

off
g4

to
%
iy
2

ol off & B o v

4

=

j
s T
H—{
H‘
[¢]
E
_@
ot
i_‘
nHU

off

H‘]

=2,

o, Mo
m
B =

o}A

OHT
2
& 9
o
E
T 3

[0}

e

PN
Y
i

B>

i)
Eﬂl?ﬂﬂﬂ

fu o

ml>
)
o
=
B>
=
>

AA]

felie)

[
R
o = T o

gtmujol 47t 2

A (Serra-Toro et al.,

2 ol AH
2024; Qu and Zhang, 2021; Garcia-Gonzalex and Va-
notti, 2015). &4 W& A2|SHH, pHe A7 HEE
L 7+ m2 ¥y} AzbE B4 2] (Model 850C, Schott,
Germany)E °]-&st] S4st3nt. & AHl= pH
=z B0l =2 ¥ pH -2.000~pH +19.999, U=
pH +0.0058t mV Z2H9] =74 H$] -999.9 mV~
+999.9 mV, AUE +0.3mVe] ARFE 2ttt &
IPES A7) =7hde] 2125 92 110°CollA

o N q

UAF AZT T Az Ay} Fo| BAS 2H5Y
t}. 2fst 4/5_}5\_3_? g2 Sf ol 4 (Sulfuric acid,

&5 W PAEEE
permanganate, KMnO4) Lolo Hrlsto] ZEGLT,
24 E & (Sodium oxalate, Na,C,0,) 83} 7+
7}A1—7¥E ,Q_oﬂi o],Q_s].cq 7@143].0#1;].
AIGESR

& (Potassium persulfate, K,S,05)°]
R ST sdRE T & 120°C°1V1 30
B he, W T AR S Foel 94

Sl SRS F| UV spectrometer (220 nm) 2 S

(Potassium

A5k 4

(Sodium hydroxide, NaOH)¥} }&Hikzr

o 1

=5 S5t § A2AA0 dmoly s
A F] (Vapodest 50s, Gerhardt GmbH, Germany)
£ olgste B4k e, & AEds BN EE
2

=

e, 244t (Perchloric acid, HClO,) & &4t

(Sulfuric acid, H,80,)2 &glslo] £H]5141L, I =
vokg A BN == &g ol At 1Y% (Mag-

nesium oxide, MgO)= @7]—0]-04 ZH|stach A4 &+
A= 83 A7t 248, B]5-8 99.5% o4, @A +1

2 AEM 0.1 mg-N2| A 2E5gie}. AatAd A

=AtO] Lot M2 2 2 0l

g 519

al
=

AN} EE (Sodium carbonate, Na,CO5), BFAF
E-& (Sodium hydrogen carbonate, NaHCO;)

o7 AAT &S o]l I Z2utE T
| (930 Compact IC Flex, Metrohm, USA)=Z EA51%]
ot 24 AHl= 0.1%2] Fee 3 AU, £ ¥
10 pL/min~20 mL/min, 22 2% ] 0~80°C (3t
A& >0.05°C), U =2k O 1 uLo] AR 7HA] 1L

Sk
2.5 DME 28 24
B -2 A B4 E E4 (Next genera-

tion sequencing, NGS) 7|2 ©]-8-5}%] metagenome
As19e o) B4 7S Vave G2 20}
+ Bakt_341F (CCT ACG GGN GGC WGC AG)®}
Bakt_805R (GAC TAC HVG GGT ATC TAA TCC)
primerE ©]-85t9] DNAE S5 &
sequencing®] P rt. FEH AL DADA2 &
23S o]-g5to] A 2]gt T NCBI Blast (https://www.
blast.ncbi.nlm.nih.gov/Blast.cgi) 2 H|/J=E thofF4g 2 vl
A& 5 9] At Al Q1 H]-& (Relative abundances)2
35} tt(Macrogen Inc., Republic of Korea).

)

amplicon

1__

2.6 SHEA

et Aol B At 7k §-oF xjol2
EA45}7] 915l SAS version 9.2 (SAS, 2016)E ©]-85
Gk, Hel 7 740 o)A Aol AAFRE (Gen-
eral linear model) 2 243 & p<0.05¢ o] 54
S} 9L Bk 2 ATo] 24 A
A 2016 (Microsoft Excel 2016 version)& ©]-8-5Fo]
ettt

o]0 o
==

al

Bl X}

3. 24 X V¥

3.1 2ZL|ot M& Z3t

3.1.1 = L{R | ¢tz L|oHAmmonia) 5=
Y W RYol B (11 2)& €85 13 59

J. Korean Soc. Atmos. Environ., Vol. 41, No. 3, June 2025, pp.515-530



520 223}, 1= g, eEs

Initial pouring

Ammonia concentration (ppm)

Second pouring

==Control

Slurry discharge

1234567 8 9101112131415161718192021

Day

' —=Treatment

1234567 89101112131415161718192021

Day

Fig. 2. Ammonia concentration inside the pig barn according to type of circulating liquid into the pit. A box plot was dis-
played in the upper left corner to explain the distribution characteristics of ammonia concentration.
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Fig. 3. Ammonia emission rate at the exhaust outlet according to type of circulating liquid into the pit. A box plot was dis-
played in the upper left corner to explain the distribution characteristics of ammonia emission rate.
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Aoz okt vhd, 2o S SA A1
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Table 1. Physicochemical properties of water and liquid
fertilizer.

Liquid fertilizer
Water

Initial Second
pouring  pouring
pH 74 6.2 5.4
Electrical conductivity (uS/cm) 113 9010 9900
Total solid (%) 0 1.7 1.5
Chemical oxygen demand (mg/L) 0 4970 5300
Total nitrogen (mg/L) 0 1530 1756
Total Kjdalhal nitrogen (mg/L) 0 543 1053
Ammoniacal nitrogen (mg/L) 0 1.6 1.1
Nitrate nitrogen (mg/L) 1.9 986 703

T 7Y 591 90% oA A A= ATH

AT
T
I Al 94.6%, 22} 4 A 93.6%7F TA).

12} 59

<
e

717t B Ao BfehA 4ta @ &8k
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Ae 85 12 9 F 58.14% (2014 mg/L — 4813),
27k 59 F 60.2% (4515 mg/L — 11350)2 H&|F o
H] §475] F715k3iet o= tixTollAe dAd 2
&7t A9 EAISHA] ot A1EA Q] B FYUo® <l
o sFehA Ata g FeFo] Zhuta Al S7IRE Wi, A2
TFollA= i W A At /718
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