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Abstract: In this study, the assessment of field applicability of in-situ remediation of nitrate-
contaminated groundwater located in Yesan-gun was performed. Zero-valent iron/bio composite

media injected PRB (Permeable Reactive Barrier) and monitoring well were installed in the
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contaminated groundwater site and monitored main remediation indicators during the PRB

operation. Nitrate, nitrite, ammonia, Fe ion, TOC, and turbidity were analyzed and the diversity and

population of microorganism in the PRB installed site were investigated for the verification of effect

of injected PRB. In the study site where is an agricultural area, a river flows from west to east that

forms a river boundary and the southern area has an impermeable sector. It was found that nitrate

flows into the river, which is similar as groundwater flow. Simulation result for the fate of nitrate in

groundwater showed steady state of nitrate arrived after 3~5 years passed. However, it is just to

consider current conditions with no additional input of contaminant source, if additional input of

contaminant source occurs contamination dispersion and time for steady state are expected to be

increased. The monitoring results showed that Fe ion, TOC and turbidity in groundwater were not

clearly changed in concentration after PRB installation, which indicates adaptability of the injected

PRB for remediation of groundwater with no additional harmful effect to water quality. The

concentration of nitrate maintained less than 5mg/L until 42 days after PRB installation and

recovered its initial concentration after 84 days passed and showed termination of reactivity of

injected zero-valent iron /bio composite media for removal nitrate. Nitrite and ammonia ions found

after installation of PRB indicates reductive removal of nitrate. And the outstanding increase of

microorganism diversity and population of Betaproteobacteria Class which includes denitrification

microorganism explains biologically reductive removal of nitrate in injected PRB.

Keywords: Nitrate, groundwater contamination, in-siu remediation, permeable reactive barrier,

biological reduction
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Table 1. Characteristics of ground water in the study site

Location Chungnam yesangun
NOs-N Level Temperature H ORP EC DO
Groundwater | (mg/L) (m) 0 b (mV) | (uSfem) | (mglL)
15.9-82 4-6 14-16 6-7 172-368 144-3,484 | 0.23-5.64
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Figure 2. Monitoring well installation map.
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Flexible airhose 25A
AC-101
___ High pressure hose 25A Air Compressor
Compressed air reservoir i
i)
uI_J o |
@3] @ i
/WM TK-102 TK-101
PRB injection device High pressure PUMP Mixer Water tank
HP-101 AC-101
TK-101 TK71 02 High pressure PUMP Air Compressor
Water Tank Mixar " N Max. Pressure : 45.0Mpa(459Bar) Working Pressure : 0.85MPa
%a‘-prsc.ni/ Ha Ciapacny ’ 9'8m Max. Discharge : 220L/min Flow Rate : 5.8m/min
MAT'L : PE ?A'/:”T‘?ES_'C,’S&O%QOO X1:200H | erter Mortor : 150kW-6P Total Weight : 0.94ton
’ Voltage : AC400-440V Voltage/Frequency : 220V 60Hz
Dimension : 3,000L x 1,750W x 1,600H
Weight : Approx. 5,100kg
Figure 5. PRB injection apparatus.
Table 2. Condition of EHC slurry injection
Pressure Injection Depth Space Drill speed Injection speed Moving time ROIL
(kgf/cm?) (No) (m) (m) (min/m) (min/m) (min/hole) (m)
20 16 4~8 1.0 3 2 5 0.5
I A% 2@ 72 7H) 20 mg/L2) BEE FA35Ach, MW-012] 98
U WA PA47E 20,2 mg/L AL 13RS o)
KIAFM EIA -— - -
1. B BANO ) PRB 9] AP A7 8 717kl 849 Ao
« MW-01 : PRB A4 129 AH7E 289704 2 Ed A& <4 4 9tk
7] 5 =419 mg/L) T He H =S Bl o|lb & e MW-03 : Aubz oz MW-028} 22 A3k
2]2] 9] 2|5 9] oA FYUH == 2 AAH & oA MW—-02¢} th2A #[8t<7} PRB A
Ao Sk ANHOR ARG RO B A9 Bake F9 Aelo] $1X/5tal Glo] PRB A
Hh(Figure 6(a)). 33% o] %2 thA] Y| FE2 3] 129 A5 1,8 mg/Le] e w7t AEE G 42

E5 & AAJ3] skl PRB AA| 98U Abel=
20.2 mg/LY] F%7} A&= %=t °l+= PRBY %
FHrhs LAY RRE WAHIAA fE0] Ha
7] ooz FgHct,

« MW—-02 : PRB Uj3: #3224 PRB 47| 6
o 1.5 mg/Le] W2 =7} A&E o] EHC 249
A 4 A A mgo] Bl 9ict, PRB A4] 429
74 5 mg/L Bk B HErt fA = Ak} 49
Y o] %2 FE7t A A 3] Adgate] 84 AHHE 98Y

W7 5 mg/L M e SES fA5ch PRB
o] 2 711ko] Aol ek AN AL 7k A
A3 Z7bste] 989 Aol 25,1 me/LY) WA AL
FES 8=

« MW-04 : PRB A7) 6 o] FAHg A4 5=
7} k= MW-02, 03 ¥4} o= 4 MW-01 3%
Aol R £2 519 mg/LY] £& w7t A&
o PRBE 7AX|A] %2 9 A5to] fU& 18
o2 Selstch. MW-01 BYol A AE &elelvt
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9 wlo] 127} 3|45l 7|1} PRBO ofat Hste] s
©& PRB A7) 14914 16474 oF 25 mg/L] 4
@ 557k daEont PRB A1) 212 o] bl 4
Sfo] Sl AJ5iee] oS BT 4 Sgich, MW-
02, 03 T} o2 AFAS Hol= 2102 Hol PRB
o] ofsf AHeel Alshro] 55 o] ozt 2
MW-042 93 A3} 1208 A& & %= ek,

« PS-MM3 : PS-MM39] AAM A4 FE= AlA]
3] Zhasto] 984 32.8 mg/Le| w &t AEH At
MW-02, 039 543 Argda sk g F
A8 Fae LA Fot PRBo|| 2Jsf Hste Aste7t
EESHA| o2 Al o2 hE

2. OPEAHE EA(NO,-N)

« MW-01 : PRB A% Z 0.05 mg/LAH o}F&Ak
Z49] =27} PRB AX] 144 Z}of 2.03 mg/LL
*o% }o] PRBOJIA] A3 opAAM A 47 MW—
018 ol FFE v|F A2 e th(Figure 6(b)).
« MW—02 : PRB 47| 14% o] 0.48 mg/Le]
=7 AEEH A 239 F 219 mg/LY 3L
7} AZ= Stk EHC 2x4fjof ofsff Aibgdart gkl
wjo] opEiMIA AT BAHE AS & 5 YUt o]
HUE P 0.2 mg/LET @& 5=7F G4 5]
of opFAM A ATt ety opd A AATEAR o
YE A &4
« MW—-03 : PRB A%] 23¥, 33¥ &&= 1mg/L
oAk =7t AZEo] MW-02 BYS AX A5}
7 FAE NS O Sk R EE B olA
Ho] RgPE|o] MW-020 A Hth= W& 527t A&
=it
« MW—04 : PRB 4] 14¥ ©]% 0.9 mg/L9] &
E7F AEER oy MW-01, 02, 033 H|ulslo] &
o w2 nor) o] ofAA A AT} 9] £ 3]
HEJAAU A8l4=9] 3F0] MW—-04% FFstA] 471
HEo = A0S HAT 4 qlrt,
« PS-MM3 : PRB 47| ]i AZH o] MW-
04 WA} vR7A| = op A A A7) SHE )l
== H RBof| sl 45}

A7 R YSA Q9HE TR0l A

S QAR A AL

3. LzL|okd EA(NH,~N)
« MW-01 : PRB A %] 16¥ 27HA]= A9 H&H

Al 3o PRB A7] 219 AHAE 527} 575 o]
28< 0.62 mg/Le 1 =7} A&EdtHFigure
6(c)). SRUOPIA AT opHA A 4o} uha7l A 2
PRBRE $915 1/5150] ofa) MW-01 2ol 4
Hed Aow wohE
* MW—-02 : MW—-020]|4+= PRB 4] 6%, 28%,
429 2ol 0,95, 1.54, 1.73 mg/Lo] A< =% peak
71 E313iTk, EHC 2=Afjof ofs) ”*Wé"\ 7} obd
3%

]

AALE 7A drUoddaR BelE Ag & 4
0] =2
A =

o MW—-027} PRB Uj5-9] ¥ 2401 | w0
Ao vla w2 dRYopgdA AT Pﬁ%ﬂ&’iﬁ}

r

g

RB 7] 63Y o]F A|&2 0
o= 0.11 mg/Lo) ¥ =& fdAaH
HE7HA] =gsl] flefiil= Algto] B 4208 ﬁa
2 gt
« MW-03 : 23 o] & HEH U™ opd bt
of & gryopd A i 429 2t 0,22 mg/L2]
TERE HESE AU Yo ATt op A g A A
o ©A19 g FakEol] fiZel o =4 HEd
Ao sjAHct PRB AA & 98¢ Apo+= 0.07
mg/L9] &7t AEE o] MW-029 np7 A 2 &
HE7HA = A7 § 4209 202 geker)

* MW—04 : oPEAMd A A0k= T2 A MW-049]
e dPA ez 0,06 mg/L v|wte] At dAE
EJ"*EP Ao A0 o] F o] obAAMY A A
& = QL PR obd A 401 0.5

= 1S T YA

- PS-MMS3 : o}HAMY A 49t mpb71X| & PRB A
A o|% 989074 BHEH] 58 A5 U HEE

A 4 71%0.5 mg/L)E S5

4, A 0|2(Total Fe)

« MW-01 : PRB AA] 144 Z}of 0,14 mg/LY] &
=7 AEHAA 23 ol Folle =HE AWt
A= e (Figure 6(d)). PRB #8025 25147}
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A5l B SE7F 149 Fo] 7 FABRAA
AP, PR AL, Grjobd ] o)

=
o] ol ol 540l e H o] L MW-01e]

« MW—02 : PRB %] 6Y4A}E 54 3] F7Fsto]
21 Zo] 109.0 mg/Le] X1 F=7} HEE U
71 o]% 33, 429 Aof| 56.0, 11.25 mg/Le| 5=
7} AEEHA 543] fash= AFE Btk PRB
A2 49Y o] F o= 4 mg/L n|THe] W2 5=t A
Z5o] o] FE0°] HE A& Hol EHC W 97t
Mol uhgAdo] 4271E AL & 5= 2l9ith PRB 424
7HA] 0] A ol & fES Foll Y7ol A g, 4
2 9 AJske | oekst EUET vhSE AS A
o2 ZRlg 4= 9t

- MW-03 : PRB 47| 14 2}of| 38.1 mg/Le] X
AL FEE 715519 0 23Y o] F 1 mg/LY] AFk
Z%|o] PRB Yo A WA A o] 0] MW-
f%k 2 A FEHA XS & ok A
Aot v &2 F o] 9] f-&o] A4H
o] gkgkom AR Holo| =5 W EF
SR AY Askd gHl 2 JAENS J2s ¢
o

« MW-01 : PRB A2] 2 Z}of| 37.4 mg/Le]

A =7 AEE o 69 A o] $5E = 10 mg/L
o) he] s E7F 32 = ok (Figure 6(e)). PRB W
EHCY] got&E4do] MW-012 f&5%es & =+
ek,

« MW—02 : PRB A% 22 #}o] 112.5 mg/L2] &
L7 HEEH QA 23U} 874,83 mg/Le] Fil H
7F HEE ST, 429 Afof| 349.9 mg/L7F HEES
3198 AJof| 7.2 mg/LE Aste] Yafe) TOC &

T2 3EE F 924 kgo] EHC 2418 43
7] Q2o EHC 242 YF=do] &5 LsE
o] TOC7F A& AL & 4= 9lr}. 23% o]F TOC
O] FETt At o] f= FEE o] Abao] ofsf A
SHE AL nlEel| Qs AREQ)7] WiEo R §55
= qlet,

« MW—03 : EHC 249 gJoF=2 o] MW—-037}
A §Z&E o] PRB A 2¥}o] 138.1 mg/L7t H&
w31 129 bl 208.6 mg/Le] il F=7F AEE
Akt A A 8] Zasste] 56 UAHEE 5 mg/L m|FHe]
=7 HEE I & AR G FF=EEY o
s/g0] A ol 2o v =& s & 4 QU

« MW—04 : PRB A7) 149 2}9]| 12,3 mg/L7} A
ZE 9oL} 11 o]Bof= 5 mg/L Rk =EUF HE
Ejo] EHC 2419 Yg=d9] Faks o e Ze
=

« PS-MMS3 : 4#H 02 4 mg/L n|gke] AsE
7t AEE o] A o] npIFA = PS-MM37}HA|
EHC 247} 254 352 ¢4 4= Sich

6. Bz

=4, nAE, J% SO PRB AA] 239 AH5H &
A5}l tH(Figure 6(f)). PRB %] & 23Y0l|A] 42¢
7}A = 40 NTU ujgke] el 7l B4 59 o1} 499
Aol 161.0 NTU9| &2 =7t A4=H 3t o] %
6, 91 zpol= 283.0 NTU, 212 NTU7} AZEH
A 5719 248 HHEel A3t ajdo) 715y
%Atk PRB 24| 69 °]% A%5&=9] TOC7t A&¢
Ao 7 Hol R o3 By} Z7edrta
a7 oYt nAEL TFHE ARE FA 5
EHE=E S7HI7IA9E TOCo| 232 ob2 4= Qi
utebA BHert S715E =8 991-& EHCO| oJ3) |4
=0] T7137] el ke,

* MW—-02 : MW-013} F-ARGE B3 2o PRB
A2 429 2o 134.0 NTU7} AZEE 1L 49 2o
358.0 NTU9| #a1gto] HEH ), o] Hadhe
73S Ho] 98 ztofl= 51,5 NTUZ 239 k9] gt
ol 45,8 NTUS}F S-ARE 1S Bt} ehe 7He £
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EHC W dd=do] nAES &3] AFA717]0 {Folsdt 7/1% o 4= Tk
SEIHA ot et 2 vhgo] A HA| 2ot * MW—04 : PRB A%] 49 Zof 4,900 NTUS]

. W w2 S E=7F HEH T o] F 698 Aol 811.0
- MW-03 : PRB %] 499, 63 2}l| 210, 72.3  NTUZ} A&E913 98 Z}ofl 22 NTUR 7HA43ict,

3.0
(a) ] NOy —a— MW-01 (b) NO,
—a— MW-02 25 ] —a— MW-01
50 4 —a— MW-03 —a— MW-02
_ —v— MW-04 20 —&— MW-03
3 40 —e—PS-MM3 = —¥— MW-04
4 D 151 ——PS-MM3
£ 3. E
© You 18
g 2 o
Z 05
101
00 -
0
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Figure 6. Monitoring results of PRB ((a) NOy, (b) NO,, (c) NH,*, (d) Total Fe, (e) TOC, (f) turbidity).



. HRY/

F7HE/HH0|2 SRAZIME 0

940) 7} 27 A5 ot WA Eel
ek 27] ofelem GES SUE 4 ol
0C. 3 0129 5 27 el
4] o) vt ohal

3T

=3

% HeE A
1997).
6. 0ld=

PRB 7oA & = Z7he] Yelog v

%4 Aﬂx]—o] 5]01 PRB /dx] X‘]J—]- 630] ‘G'v/]
A etEE MW-039 4 A #H 35t Metagenome
Sequencmge MABLATE A|Eks MZL A T
nE EA7A] W EEekgith

s F ok o) A A7 D
JHolgtal B2+ Next Generation Sequencing
S) uh¥ (Head 2018} AHE-3tglom oi7]4 4
goto] AR AEe EAst v
Hoh 246 +2 Az v 4 A

Gtz Ao 2|5 BEEE

6‘
L_

1=} o
CXn)

H

fL

S

=z
o)

£
o

zZ9

24

5144

=)
of

ME ot N
rE 10

o o

A Hd o
T_'_/’\:]IE

Operational Taxonomic Unit (OTU)+= DNA A
dol FAR NA7|E] AFo s

5 k2 A ZE(species)] A& ¢l tjeto g Al&
=31 9lt}, Chaol AHEoA YA A AL Ho]
A 952 Fo] FoF A 7He A st WE ¥
O HEE uig o2 Fof tigt richness& 743}
Zrolth, OTUs®} Chaol 2+ % thFAS H7lst=

=0
S

i

-

¢

'V‘TTOH §%

O]

rir

ARZAN F ARE W 2H F chefid ol Wzt
& A& 4= 9l
WA A}, A A3} wjaestel A2] $ OTUs 4ol

1680f|A4] 243.52, Chaol #f-2 1684 246 2= 37}

3to] 2 thoFAlo] 2713t AL sl tHTable 3).
EHC &A= vjdae] Aol 2a3t eaddy) 77
ol & 2Fsla 9l7] Wil A& ke v|ute] ujAy
EEo| AAsle] A& 715 nYRY A 471 5
7R RS 4 Sleh

2) WRBE 2 W3 B4

(1) Phylum level

A (Kingdom), % (Phylum), 7}(Class),
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AZo g BRE 4 9ltt Phylum level Zx}of A
PRB A7] 634 & 348k n| =2 Actinobacteria,
Bacteroidetes, Firmicutes, Z7}38t md&<

ProteobacteriaZith(Table 4). Proteobacteria=

e

Table 3. Analysis of groundwater microorganism diversity before and after PRB installation

Before PRB 63 days after PRB
OTUs 168 2435
Chaol 168 246.2

Table 4. Population of microorganism at 63 days after PRB installation (Phylum level)

Phylum level Before PRB (%) After PRB (%)
Actinobacteria 53 2.50
Bacteroidetes 19.8 16.20
Firmicutes 153 2.55
Proteobacteria 383 65.90
Others 21.3 12.85
Total 100.0 100.00
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Table 5. Population of microorganism at 63 days after PRB installation (Class level)

Class level Before PRB (%) After PRB (%)

Actinobacteria; Actinobacteria 5.0 245

Bacteroidetes; Bacteroidia 04 4.65

Bacteroidetes; Cytophagia 2.6 0.05

Bacteroidetes; Sphingobacteriia 4.7 1.50

Firmicutes; Bacilli 10.7 0.10

Firmicutes, Clostridia 42 2.35

Proteobacteria; Alphaproteobacteria 35 6.20

Proteobacteria; Betaproteobacteria 253 46.45

Proteobacteria; Deltaproteobacteria 0.0 2.80

Proteobacteria; Epsilonproteobacteria 0.2 6.55

Proteobacteria; Gammaproteobacteria 9.3 0.75

Proteobacteria; Oligoflexia 0.0 3.10

Others 34.1 23.05

Total 100.0 100.00

O 24749 & 1502 Ah 1SS 712 ulA (3) Order level

& 23hstal Qlck(Gibert 2019). Order level Z23}o| Al PRB A% 63U & &9

(2) Class level
Proteobacteria®ll 33}%]0] QJ+= Betaproteobacteria
Class w310] 25.3%01 4 46.45%% 7V4 34 27}
5t Z1o] 2QlE itk (Table 5). Betaproteobacteria

\_ AN

of Uit solH W LLE AZSkE 20 F
4 goF o)A EHCR 93] 3ol 3715
S oF 4+ 9Iek(Liu 2019)

A Z7}8t n|ABE-E Burkholderiales (26.65%),
Rhodocyclales (14,75%) 2 E4 =] 9ich(Table 6). 1

2 S-Al49l Burkholderialesw Betaproteobacteria

sl 2151] oo 24 ool 21
22 213 9o} 27H R Aol
Betaproteobacteria classol] 3E3HE Rhodocyc]a]es
® SHUS S tosirta oteA 9ol B )

Table 6. Population of microorganism at 63 days after PRB installation (Order level)

Order level Before PRB (%) After PRB (%)
Actinobacteria; Actinobacteria; Micrococcales 3.8 1.85
Bacteroidetes; Bacteroidia; Bacteroidales 0.4 4.15
Bacteroidetes; Cytophagia; Cytophagales 2.6 0.05
Bacteroidetes; Sphingobacteriia; Sphingobacteriales 4.7 1.50
Firmicutes; Bacilli; Bacillales 6.8 0.10
Firmicutes; Bacilli; Lactobacillales 39 0.00
Proteobacteria; Betaproteobacteria; Burkholderiales 13.0 26.65
Proteobacteria; Betaproteobacteria; Neisseriales 3.6 0.80
Proteobacteria; Betaproteobacteria; Nitrosomonadales 8.7 420
Proteobacteria; Betaproteobacteria; Rhodocyclales 0.0 14.75
Proteobacteria; Epsilonproteobacteria; Campylobacterales 0.2 6.55
Proteobacteria; Gammaproteobacteria; Enterobacterales 39 0.25
Others 48.4 39.15
Total 100.0 100.00

ek, 3,
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