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ABSTRACT

As the amount of livestock wastewater increases, ammonia contamination in surface water and groundwater is also
increasing, and its treatment is urgently needed. In this study, indigenous soil bacteria was utilized for ammonia removal in
artificial wastewater and associated removal mechanisms and efficiencies were evaluated. Two batch reactors were
configurated to contain natural soil and artificial wastewater at 1:10 mass ratio, and incubated for 84 and 168 hours,
respectively. The results showed that ammonia was completely removed within 48 and 72 hours in the first and second
reactors, respectively. There were no significant changes in ammonia concentrations in the control groups without soil.
Nitrate was formed in the reactors, indicating that the main removal mechanism of ammonia was nitrification by nitrifying
bacteria. Nitrate was further converted to nitrogen gas by denitrification in the anaerobic environment, which was caused

by consumption of oxygen during the nitrification process.
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I3k Hlelo] Frtelar lom, HEARE dEUopt
$AECHLim et al., 2018). o] SAHi4 2 H7|E X
27t AHal7] o]FAA] U= AN olHEk 4t
Hre AT 2 Ay FE9do] HY(Kim et
al,, 2019), B Yo7} wlA=]e] HFA2A IS St
(Lovarelli et al., 2020).
aEEe] AAe) lo] E3HE AT Al W
HJFF3H EH(Cheung et al.,
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FAIS dYAIZITHLee et al., 2002). A AAZHoE F
Jokste] MAHITE Hal Z71slal Atk(Spalding and
Exner, 1993). 3HA, 7150] A&7} Al =

g A9 e Fid A o) AseE 0@*171
31, 2949 Aplre o] AxE s 1 Pr
FLE HAAA ATl Hx 2 309.

TS S W dEUept t)Y] FoE WEd 7§°
3kslE(SO,) ¥ 1‘45}“ 0%} RES3]
SRR (NH,),S04) B BRI H(NH,NO) O E 33
Hoj 22 wMAAE BT 4 Jh(Lovarelli et al.,
2020).

AA7IA] ARFE R Uole] AAHO 2= AE3HA
A2, 3H4 A, A8l 34, oo} ~EWr)E, o
w3 &2 agla o 3 5ol Ath(Hasanoglu et al.,
2010). 7]E2] A& 0“3140} AA FHL vlad gk
< dRUol TR HEE A shed] AR-EH(Van
Hulle et al., 2010), ﬂicq =AE42 Agsh)el 3
AZF Ak E=3 EUolE o ARFE AASE
4L Ax) WHo] Z31 AH] nlgo] wo] B, 29
Z2(pH 2 F59] FH)el 7tk Xerlgte] doks
A0 AUAth(Lee et al., 2007). ©]2i3F 7]&2] b=
o} Al 7HES] SIS Rshr] S8l AAIZ e
420 71&9] o] ”&o}‘:} 53], 84 9 2
Ao WSk AR Lol g wlE A Aol E3
=™ (Howarth, 2002), 57} E-L}Agz Aol FHo=E
o] WE olxdl A7t st

A FRUSINHy)= Fh 2999] 2 Fejo]r
(Sprynskyy et al., 2005), YR} B WA A=
FNHHOZ gkt o]$ 71 uhglg]olol] <fs) A
sl=o] oFFANOY ) AX AXANOY)P] He A4
TAE ikl Fgole) s, dilksl e 4] (1) 2
o] &AL} 3 A7 AN Ado] FaTkAs
N)Z == 7S gdslela gt 2dage 2
()} 2ol g

)
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Step1: 2NH; + 30, — 2NO; + 2H,0 + 4H"

Step2 : 2NO; + O, — 2NO;

INH + 40, — 2NO; +2H,0 +4H"

NO,— NO,— NO— N,0— N, (g) 1 (@)

Z]}\]—ﬁ} Bge Ah 58

WAz A Ak 28 SE8 A
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THChu et al., 2008). T3t Akl AL Eoko] pH,
Lo, FE 2 fUES] 50 o8] dEe 1S 4 3
HQin et al,, 2013). ¢FEYole] Ziks) 7o 2 HE

AQE ANe AE0] AR = Al EAo] AdEjeolH,
Fak=dl oRibel AAamM,0= tEH <l
(Zhang et al., 2015). Ak} e Z9F L vigg]o}
o &gt P FEHFY HEllolel] gt HPor B
=, whEgjote] Foll wet Aikskeo] th2t). Islam et
al. 2007y AHY EdelN S-HAY B 59 e
ofe]] M2 AislE0] V| E ALk, A Fit
Bhgoll F59% A 7% 19%2] 7|9 =E 7}
Fojar AAISIGIT. Li et al 2020y A A F29|
*M EY U Ailsls djhs sletediar B dAksl

FEE MXE B a5 WAE e 3k
Duan et al.(2022)y2 AAE AEFHOE A= 3%
ox TLHFY Helgolol o3k Bilst 548 Tt
B4 A|2Eloxe] Z&edok Al vl |glole] TS
Avgsisint. o9 o] Zilst AL A w3 F
i jﬂr;go]uq Ak g].gvf; =182 ]ﬂO}J E}ob\q o —Ll:l—cﬂ_‘]’]_
o] 7] whizel EF weg]ole] ogh dxuole] A
2t A= FR38it

ol ATelME FAkET Ul dRvelE AA] 9
gk 3 W e A AR 7S el Slg
A HAEA A EY U EAlsks Ziks) vhelg]ole]
muo} AA 712 olsfislalat sttt ol sl A
W miXAES Fste] A EYS o8 hRole]
21 Azro] 7153k golra AR A7l Qo] 347‘49]
HREARE 9 sEws} 712ks dobraizt st o

T= Yo} AA gk Aspek vk 712k ]‘SH%
B3l TEASIIHY A 7198 = s RoE A7
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2.1. XM E 2p

PR o} ApAF o7 AtEE 712k RISk flst
o] 7 W] viXAEE STt i S s
S A ol A3l ARSE BE ZAPITE IS
7] (autoclave)(Wonil Tech, Korea)s ©]-838}o] 112 I
TF Z (12000014 3087 BEstdar, 2423 B<t
110°CollXN HEAZT ekl o] 1.2/a18F 7o)
A AYPEE AF 7HES 70% NEE-S ARSI A5
sttt 5814 9 slshy o] gheE Advie H



2] AdE ol 87k oL AA 71 2 &S ) 39

T H(clean bench)(Wonil Tech, Korea)oll 4] 20% &
AR9)E o TS AtA7|aL HasSit), o] %o
Tl Welli B FAE SAskL A3 A2 &4
A3t

7 A9 g9 Ryl 100 mLo|a, EXS 10 g
FHlEl] 87} Eqke] Blgo] 10 mL:1 go] HEE 31
. ¥kSTEE Bl ©7 100 mL 2RSS AL
Fact. kEUol A Ael dast Azlksl vlE|golrt X3
Ee HAFA| gRdRolA AHsHHTHKang and
Jeen, 2021). 2.0l Foket EgFo] FHL Aol $o
10cm o2 EFS AFeIRoH, A 2% BE E
2 2mm AelA FFES AlAstA ARESITE 112
TR SgHS ol8sl] Bk 3RS 279519
3 ZSHE B RS 16.1%0100. FHIE AY
| Bk &3F & ZI87](shaker)(Hanbaek, Korea)
1A RREAIZAL, 'Y WF 259t Idees 47
20°CSF 90 rpme ATt 12} B 22} XA F Wk
AR Z¥2F 168A17F 2 84AIZtol AL, Zh2) 241171 124]
7r vtk AEEt] EAETh BE APS 7 AR
3l (riplicate)] A1EE FRISIAoH, dMol= 3l
AlRe] Hig EFARE AMSSIAT
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Table 1= HIX|AE oA AMEE H3A8Ho] 7
To} Bl FRE BT 1A v FEdAME Akd
ES o83 ¢Yole] A7t 55 wEel] ffE E
o] Fioll we Aw} izt ARS ARl A
P 1A B AA8Ho] xihE]o] drjel AAE
A7) 98 FREAT, T 1BE ¢heuoke] 3t
F= Hehstaat ES ZIATIA ot H W ¢
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Table 1. Setting of the batch experiment

HUold Aol FEE HA 50mg LA Hi 500
mg L'7HA] B3=3l IK(Chiu et al., 2007; Hasanoglu,
2010; Kargi and Pamukoglu, 2003; Wang et al, 2012).
o AFolME o] ATl HaA FER HEE I
Yol Aol w5 WY Yol QlF H52 AlZ315th
dle|g]o} 5ol Bagh Pl vhie} 1S 7R A
2HA (citratey? 14HA(POSY) FEIZ Fg8idth. B3k B
Hglo} &3l At S99 pHE A8 S8 S8
AFA(HCOy) FHE LTS BEsI9THLee et al,
2002). 1x} XA ] gobore] otrjold] AL Qi
4, A, a8a FRRKY] s== 47 50.0 mg
L', 27mg L7, 3041.1 mg L', 28]31 54.6 mg Lo
TH(Table 1).

IEEE 99 diaMe AlA 7ree Bkt
221 HiRA = 12} wiA AP (50 mg L' NH3-N) B
o ) =& IEE(100mg L' NHyN)9| gEuel=
ARESITE. 221 iR AR AT 249 tiET 2B
12} XA PR Eqke] EEE AU (2A) X3
HA] eTH2B). B3 231 WA Bl &3
He dEUole] & votelarz) vHEEjol &S Ao
sl7] fsl FANdS EdeRA] RS B HiAll E
AS B3k AAT 202 I 23} HiRAEe] &
HojlA] grjod Ha, ik, Frkd, aBla FE
Akde] = ZE2E 100.0mg LY, 83.0mg L7, 2667.1
mg L', Z28)aL 2011.1 mg L'o|th. 12} vix]E 34
] AREAE Ao FHE S8 23} six A=
1227 A4S Tist A skt

I joh= H3IFE (Sigma-Aldrich, USA) A|2FS- A}
|31, Q1RrdL QA0 -5 (Sigma-Aldrich, USA)
Aleks 2183l AlFEZsIAT. SEAMEY ke Zh

Name of Solution composition & concentration ~ Solution volume Soil type Soil mass
experiment (mg L) (mL) (2)
Batch experiment 1
1A NH;-N : 50.0 Soil 10
Citrate : 3041.1 100 .
1B PO,:2.7 No soil -
HCO;: 54.6
Batch experiment 2
2A NH;-N : 100.0 Soil 10
Citrate : 2667.1
2B PO,: 83.0 No soil -
HCO;:2011.1 100
NH;-N : 100.0
2C PO,: 83.0 Autoclaved soil 10
HCO5:2011.1
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[e]
7} e AL FEF (Duksan, Korea) AoF A EZARGE
F(Shinyo Co., Japan) A|9FS- AR&sle] Alzs13]th.

¥y

84k (dissolved  oxygen; DOYE 74

xe] o JFS A2B) Sk 45

ol

potential; ORP), €Z]% (alkalinity)S S35}t 29|
2 HAg 9% A= 045 um cellulose acetate(CA)
Al9A] ZE (Hyundai Micro, Korea)s ©]-83lo] 1)}
o] 4°C olslollr thy E4 w7k WEEA it
82 = Orion VERSA STAR Advanced Electroche-
mistry Meter(Thermo Fisher Scientific, USAYS ©]&3
o] 2783t om, pHeF Aksl-ghl H9= Orion STAR
A215 pH/Conductivity Meter(Thermo Fisher Scientific,
USA)E o]-83le] 43I pHe= pH 4.01, 7.00, 10.01
AFgNo T HAGSHI, 23 W= ZoBell’s
solution® 2 X7 % Eh 3oz skl dde|ee
YAE A 7|(Hach Co., USAYE ©]&3l pH 4.57}
2 u7bA] 0.16 N 34KH,S0,)S sl on, J4=
kel S 53 GZE=E Akl SAE ¢
T mg L' as CaCO; 32 ket
FOl2(NOs ¢} NOy) o] F=ZrkE 183 (Thermo
Fisher Scientific, USA)E ©]&3}o] £4519.2™ CHRO-
MELEON AXEgJo]5 o]83lo] A28}ttt Dionex
AS14 Eluent(Thermo Fisher Scientific, USA)2} Dionex
Seven Anion Standard II(Thermo Fisher Scientific, USA)
£ olgsigich. Aakel} ojalel el tid A
o] ARAFR)E BT 0.99 oPdolitt. At ok
2k o] WHZAZESHA (method detection limit; MDL)Y= 2}

Z}t 0.03 mg L'} 0.02mg L]0t} dxyold dAaes
10
(a)
Eg—n—ua 5 == 3 —i
- = L a L
6
T
o
4
2 u-1A (soil)
#-1B (no soil)
0 i i i i i
0 30 60 90 120 150 180
Time (hour)

#2233

A

pH

AR - %

JAessHol e Ao -7k 34

(]
instruments, UK)E ©]83l] S4=% 24 & 5% &
o7 3EIAtHRIce et al., 2012). YEUoM] A9

Fxol tigk 80 ARAFRY)E 099 oPdelnt.
YEYopd Aol WRAESIAIE 0.04mg L, A
(limit of quantification; LOQ)= 0.13mg L', AUEw
12.6%, H8== 101.0%C100. BEET} £25% O]
™, A=t 75%1M 125% Afele] gre = yeht 24
S AT = e Ao FAETHME, 2017).
HEUo} AA Hosh= whElEel 58S sl 12+
Hjx| o] Egmiog uhEgjol E45 FPsiaion, &
Aolle A3 F 424 12207154 96rITte] BHg E Al
FE ARE3IY. ChunLab(Seoul, Korea)?llX] 16S rRNA
gene®| pyrosequencing 42 F3l gE|EolE B8
3, golg AlA3E Y3l CLcommunity AZEYO]E
ARgle] Folxl ez} 23 ol £ AhEsta 4
SEisiglch., A8} 3go] o PEujele] AAE ohe
o8 AN F(phylum) BIE F2 7181100 o]
W APOME BE f84 9 A WeHEKEGG:
https://www.genome.jp/kegg-bin/show_pathway?map00910
+M00804)S 7IHkOE - TS 5= ALts) uhE|lo}

=

=

Fig. 1= 7 wjx]d3dox Azt W& pH ¥slE U
ERdiT), T iAol A 25 pHE ATl mE) F4d9
e Wl fA1=EQE 12F BjXAFoA pHE HA
6.9914 o] 8.2712|9] WS KT (Fig. 1a), 22} vl
Ao Ha 810014 Hll 8.7 AlelellA] pH7L W3}

10
lw) N
8 —i=1—1—1—f =
6
4
m 2A (soil)
2 # 2B (no soil)
B-2C (autoclaved soil)
0 . 3 5 "
0 20 40 60 80 100
Time (hour)

Fig. 1. pH changes over time in (a) batch experiment 1 and (b) batch experiment 2. Error bars represent the standard deviations of

triplicate samples. Most data symbols are larger than the error bars.
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Time (hour)

Dissolved oxygen (mg L")

41

m-2A (soil)
#-2B (no soil)
8-2C (autoclaved soil)

0 b——— .y a8 —m |
0 20 40 60 80 100
Time (hour)

Fig. 2. Dissolved oxygen (DO) changes over time in (a) batch experiment 1 and (b) batch experiment 2. Error bars represent the standard
deviations of triplicate samples. Most data symbols are larger than the error bars.

SIATHFig. 1b). 2 9] HellA pHO gro]l &gk A
A9 &H ) TR 9%5d sl Bo= %
wE), dub o= whgE]ole] A3l Qlof A< pHe
6.5904 7.5 A}olol™ pH 5 ©]&} TE pH 9 oolld=
de|gjort 4378t7] olHthHAmna et al, 2007). EE
AES] pHZF 6.99014 8.9 Ale]o] el dAG A=
o}, ol Zils) vH|gjolrt dgdaiA EEstr] Agst
o] ZAEISES AARH

Fig. 2& 7 #iAFAA Aztel| mE 3}
FS RAFd. 12 vixAge e ksl dllglolr) £
e EQFe] el ulel §EAkAe] Wslto] Fsigh
zlolg BHom, Eqke] X3E AT (1ApME &
27F 2447 ool 7] 73 mg LA 0.1mg L
o] gro 7 Z1A4313ck(Fig 2a). WHH, Eo] ¥gh=R] &
L YZF(1BPIAE 271 A 7.0mg LA
t 83 mg L' RSeIA FAIEAS. vlejg]olrt E3he]
&2 tiErollMe S A=A B Rlo )
F=o] e AR (1APIME 2477F Bt 84T}
FAE ATk AR Aits) BhERlopt A4S
PEUols Eafda-S

=

rlo

LQFARA

[SJRENE R

2 Qs A91H 3 =4

22} v M EYGo]
T4t 24417F ol 7.1
248thFig. 2b). ol At}
off ARE7] W] AR AT Eo] 23]

~J

O
=
(o3

R
B

T (2B B Eo| ¥xgE Ag
H2A 6.6mg LA Ho§ 8.7
HollA A=A (Fig. 2b). it EY 5]
QCpPIM= A3 vEElopt ARgShe B4l 74
S ke o] U] k7] wiel HhElglole] o)
AL oAlE Aoz Kol 3, 23} v AFeME= 1
2 XA T v2A] AF S W) AEHR] AT TS
A3 545 12/1K1mk} 5 ST SERITE 244]
7k o)l = ofFlo] vhe 8EAAS] FEE HoFt),
ol AY XA ti7] T Akt AR &l I
H7PIA] ARe] FEEA] k7] whHES] A0E Kl
Fig. 32 F XA 3A Azl wpa dZE|=e] W

T(20)9] &
mg L' Afe]9]

o wakel A

3

r
B>
rr

Mo T

3E RAT. 1A iAol REs B A
ol et the e BefFetl, BEde] 9 A9T

(1A)X= 168717 Bt EZ4E|=7) 913 mg L' a
CaCO©lA4 160.0mg L' as CaCO/IA] A|&& o=z &
7F3IAcH(Fig. 3a). WA, Eo] E3wA] e thRTt
(BN = &ZE|=7F #A 88.7mg L' as CaCO©IA
o 993 mg L' as CaCO:S| 9] HollA FAIHA
TANES Aws e 4 3 2ol A= o]
AollA FEHAFIe] AAETH(Szecsody et al., 2007):

w1

CeH3O7+ H,O+ OH — 2C,H,0,+ CH,O0,+ HCO;~  (3)

ko] 23k AT (1APIN dLRIET S7she Ao
2 Ho}, ZAks) whggole] ofgt AL AES =
Aol FrRIde] FAAENS Ao fAFHTh

22} x| Ao e wERlo} E5-S AAEH] fs E
T Eo] e, veglole] S 5ol uEt &
Ze|wo] o] Wislehe A £ 4 Sk Filsl vl
2ot EAlslE EYe] 23 AdTA)e] ¢elee
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42 AL - FAG - A - AR - A8S
200 300
3 (a) it (b) . g
o 250 |
o ]
g 10 ; .t T i
prd L O 200 |
] » P
b ! - ] = ] = n ] L |
- 100 L a s IRV g v, 150
o
< E 100
= 50 2 = 2A (soil)
£ =-1A (soil) T 50 = 2B (no soil)
g ®-1B (no soeil) E = 2C (autoclaved soil)
< , ; i : i i 2 0 . .
0 30 60 a0 120 150 180 0 20 40 60 80 100
Time (hour) Time (hour)

Fig. 3. Alkalinity changes over time in (a) batch experiment 1 and (b) batch experiment 2. Error bars represent the standard deviations of
triplicate samples. Most data symbols are larger than the error bars. Note that the scales for two figures are different.

221.1mg L' as CaCO°IA 268.8mg L' as CaCOy7}
A F7FIAoH, ol EY W Z4ks) de|golel] ot
TN Aol e A AoE weEn vhd,

QU B =)

lom, o= 37] TOR9 YEUo} o] dojuA| ¢
Sk ekt 221 vl gellr 2ats) wieeolr) &
Sshe EYol 3 AP ALIA 48417 B o

Hhggjo} o] Qe ERTF(2B)Y i Ego] XdH Yol Ahe= 1032 mg LA 66.9 mg L7 243}
AP0 L == 77t FHA 2308mg L'as Ao, dEYole] AAEL 0.8mg L' hr'o]lth(Fig.

CaCO°IA Ho 2549 mg L' as CaCO;2] B9 A
151.8mg L' as CaCO°A 1589 mg L' as CaCO;2]

4b). ¥hA,

A Axre

2 944mg L'olA FH 119.8 mg L
o] Wl AUt

ol FAIENeH, o= it Bk vle|g]o} g5 Eoko] ¥R oke thET(2B)l
o] JAEUS-S HAFE HJ3) Eofo] 23 AATF2ARIA ¢yt AARE
]_

3.2. &L|of M

o2 Mok, A& ke FFo Fhselial A B
Pl ofgh gheaiole] Aqake e} Bold Ao vieh

Fig. 4= 7 WA 0lA Azto] e hvold 2 o}, g, At EYe] 3 AE7(20)9] dEYol
29 FEHEE HoFh 12} v A Ege] E Ar FEE %7] 100.0mg LA H4 81.5mg L'}
e AFT1ARIME 7227 B SRYold AT A 7HAsllom, 48417 EF Yok e 04

49.5mg LA 249 mg L' 7HA] 7HAadtdon, obwo} mg L hr'o|ich A&F20)0A vhgo} &%-S oA
o] AAEL 03mg L' hr'o|]3lth(Fig. 4a). WHH, B sl7] 93l a-2/a18t ElE EYRS FstaiANE EY
o] IR eFe X (1B)Y] FEUoM Aie HA £ WHEAE 71 nEES0] Holx o] AU o]

454 mg L'olA H) 48.0mg LY ¢ Heolx FA=) FOIRIA] e8ks 7hsAdel ok wEbA AT 2A)RIA
70 ( } 150 ( )
a b
| 125 |
% i: s *" # = = & 100 e . ; . * »
= :
£ + g 15 * ' T *
z 3 " z | [ ¥
e | ™ ™ = 50 Al i .
Z 20 - = = 2A (soll) '
B-1A (sil) 25 # 2B (no soil)
L 8-1B (no soil) B-2C (autoclaved soil) |
D i i i i i u i i i :
0 30 60 a0 120 150 180 0 20 40 60 80 100
Time (hour) Time (hour)

Fig. 4. Ammonia-nitrogen (NH;-N) concentration over time in (a) batch experiment 1 and (b) batch experiment 2. Error bars represent the
standard deviations of triplicate samples. Most data symbols are larger than the error bars. Note that the scales for two figures are different.
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) ABE ol

F2 dglofe] EEo o3 dmuolr} AAE whd,
AFETFROINE T2 F2ol s AAHNS A=

:
i J
Ko}

Admyole] Axsl dAL A2 0x}(zero-order) e
12} ¥h§- &2 (first-order reaction rate equationyS W
Et}. ol AFollMe dEUolke] AA sk vhEE
0z} 12} Whg<Em Ao wat Alksllar, 13} vE
R? gko] >0.84°= 0z} ¥WhE-49] R? gk >0.79%
AiFoz A vy Ao e 12} R4S A
g5t 12} wix A= 72417 BRE, 23F XA
PolXe 48213 B3] REEET g ALkl |

A RkeAE A (4)eF 2k
Ci=Coe™ “)

A7 = ARE 2 W) dRYod A2e] FE(mg
LelaL, Ce 7] dRYoMd 249 F=(mg L)elt

k= 12} ghEAol Y] wheEE A(hr)elaL, = ARE

(hr)o|t}.

of AgrollA AR ol AAe tigh HheEE
e 1ZF 223 v A BF 0.01 he! (R ZF
Z} 0913 0.84)01902L, o= weEgole] FF3} EYo R
o] T2 BF 3Esld Ak Folok Wang et al.
2012y vHgEjole} A|EolE o]g3le] AT W
Ruols AESFoZ AHsial, Akke weE=
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