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Remediation of PCE-contaminated Groundwater
Using Permeable Reactive Barrier System with MOM-Bentonite
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ABSTRACT

The objectives of this research were to study the applicability and limitations of permeable reactive barrier (PRB) for the
removal of tetrachloroethylene (PCE) from the groundwater. PRB column tests were conducted using reactive material
with Moringa Oleifera Mass - Bentonite (Mom-Bentonite). Most of the PCE in the groundwater was degraded and/or
captured (sorpted) in the zone containing activated material (MOM-Bentonite). The removal rate of PCE from the
groundwater was 90% and 75% after 30 days and 180 days, respectively. The effect of micro-organisms on the long-term
permeability and reactivity of the barrier is not well understood. MOM-Bentonite PRB system in this research has the
potential to be developed into an environmentally and economically acceptable technology for the in situ remediation of

PCE-contaminated groundwater.
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TCE(trichloroethylene)s € 4= Uth. PCE= =ujollA]
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thelEst 9, 2003). 53] &2 ARF Wl 2AAst
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o] Q53 Sl WA 5 ogiE Ask)
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2 AYEERARE) & 7 Slojok s A7 slelM=
whg-o] dojuol FTHUSEPA, 1995; USEPA, 1998;
USEPA, 2001). "= 37 %(USEPA)—O— Technology
Innovation Office(TIO)2] A T3l &gt A+E 3
y5tal 910 ™, Powell & Associate Science Service,
EnviroMetal Technologies INC, Horizontal Technologies
INC oA ¥-g8A12] vh3- £l thsle] @e A7}
73] = JATHUSEPA, 1995; USEPA, 1998; USEPA, 2001;
o]} 2], 2003; Boni and Sbaffoni, 2009).
whgua) IO AHSRE WS Bl 3R Jlk

AL Falod AN 28] ke AL Al
S3}ojok Stk(Blowes et al, 1997; Hong et al, 2002).
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2 Aol el AY Alge e Al

T3t HdA EZQ Moringa Oleifera Mass(Powder)

Table 1. Characteristics of the crude water extract of Moringa
Oleifera Mass

Parameter Characteristics
pH 5.8
Conductivity (u mho cm™) 1,700.0
Alkalinity (mg 1"'asCaCO;) 60.0
Ca*'(mgl™) 152
Mg (mgl™) 30.6
Na“(mgl™) 24.4
K'(mgl™) 63.6
Fe¥'(mgl™) 5.0
Cl(mgl™) 11.0
SO, (mgl™) 8.0
NO; (mgl™) 140.0
PO, > (mgl™) 187.0
TOC (mg 1Y) 3,678.0
COD (mg I 9,630.0
TKN (mg 1) 802.0

(@)
Fig. 1. The leaf (a) and seed (b) of Moringa tree.
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Fig. 2. The compounds analyses of Moringa Oleifera mass.
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Fig. 3. The schematic diagram for MOM-Bentonite manufacturing process.

(MOM)E A|EuiA|] shiR] HIlEUe|Eo] F-2kste 7|
Z3F HARIA) AaAQ] MOM-BentoniteS HHE2 2
29 Si3th. MOME o]v] Folrjo} B Qo]
APgollA SFRIZE AEA)) e P 9'E ARSS)
3 BARA 20009% o]Foll= 7 8 S84
Foll Bo] HgH1 gty MoMe] Ee)/EketE 54
Table 1] g2 3} THLee et al, 2010). Fig. 1
MoringatFr- A3} X (seed)S Ho] 31 th(Lee et al.,
2010). K (seed)= Shelled seed®} Non-shelled seed=

TSt AR Hal 9lom, B A3elA ASE MOMS
Non-shelled seedX 5= ® AL ARSI Fig. 2=
HAFEA7E AR Eaeied deid £44)st
MOMEZS] w5 w48 A5E BHofFar Jlrt. B
7 MOM9] 23 4 AELS Olein, Niazinin(A),
Niazicinin(A), Niazimicin(A) 5°]t}. MOM-Bentonite |
Zo] 0]-83F Na-HlEUC]E(ALO; - 4Si0, * 9H,0)2] F
TAABES ERHIYOIE o} vloHj2io]|E AlFe] A9

Blo|Eo, = ARSAlE FAAl, BF AL £
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Al Foll o] &= Ut} WEU|ES] 4L nge] A
ER 38540 959 32 B ol ngdo] %
A XA} shtE @A Bol AREI Q).
MOM-Bentonite®] 7HFeh A= W 2 3HL Fig. 30
A SlATHLee et al., 2010). A|ZH MOM-Bentonite
9] interlayer spacinge 20 A®]il, organic C content=
15%©]t}. Interlayer spacing®t Organic C content®] =
AL AAdishal 724 A oJ=lsdh.

=
AeHe A9 HAE(column test)S AElsiyE o,

k3]
=
AlgE Ay Ale Q=R AAs A 3 wkeEd

2t Al o] shuolti(Lee et al, 2002; Boni
and Sbaffoni, 2009). g/do] 53 pyrexs ARESHA
AHS ARGE5em in length, 2.5cm in inner diameter)
siaa, 29 A" FAE 25mmelal o83 FHEE
Teflon(1/8" x 1/16"yS AF&313ATE & Eol| 3way WH
£ dgste] AZAFHE ol st 3, AP IS
Fox LS Hold 5= UEF o MEY XEES 7/
AXSFATHFig. 4). AH UlH S(column inner layer)®]
TS Fig. 50 BAF stk PRBs9] EAREHS UIF-
=9 700 wet 3FRE 3 skink Fig 59 29
ay= Ottawa sand=A] 7]EZQ] A AujAE d3EstaL,
29 by= #3572 MOM-BentoniteE AHE31] ZAd =
5ol 24 em 2ole] 170¢] PRB 55 ¥/d313{tt. PRB
9] UZEL Ottawa sand=Z =3 AlFAY. ZH o
MOM-Bentonite®] PRBZ-S 717} 12 cm ZolY] 27 &
07 Yepla 3} F7lE Ottawa sandE ©]-8351
a9 Fig. 59 ¥ oA®E 34 St BF byol AH
cellA AH&-E MOM-Bentonite?] %<& 7t}

e A3 AL #HE £, SRl PCES Ho9A
10mgL &H4& AT FH F, 2.5 mL/h(pumping
rate) £ E=F 10m EX9 PCEE peristatic pump
(025 rpm)E o83l AHo= ZHFal wis] I st
AZkell Huk A8 712G eleE 108 1HEes 93
AEE AF eRdar, 9 A 7RIEHE el 159
Aoz 63 AES AH Ak AES FAIE olf
3fo], AH a), b), ¢) F=T-(outlet)2] 3way WH Z|F ]
A Z¥zt AFst 7 AF 7IRE 180 (o)l 2A F
45719] &S Q3T o5 PCE §& 45 st
AE A BA W e F 234 BT AY =
24 718l 917 shgic.
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Fig. 4. The schematic diagram of used test column.
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Fig. 5. The schematic diagram of used PRB structure in column.
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Fig. 6. The results of PCE concentration at outlet site during the column test periods.
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2= FE A &8 FAGh 2 b} B oo F 2
29| PRB RF&E7= AF7IRES] 271 2097+ HISS)
Ao}, A AR & 199RE A FTE/E B ¢
7F 9 2 AHE FXASIATHFig. 6). T3 HE b}
A9 o AP7IZF 39 PCE % HIE Avnd 1
H3} o] 7%94 AR g 3o E eS¢

I AT} PCE % WHsP} 37ke=z :[L—‘:#Qoi ERt
ol /é Z_: = MOM Bentonite®] S-2F 7]&}o]
AL, A% F7kdle 21 vAE ¥hgo] 98t V)
o), A8 Fr|ol= HV(E Hkgo] Algk 7IFke g &}
45o] Yehd Aoz A8 HT(Lee et al, 2010). 37
7re] 7|17k A% 2SRE] 50U7HA], 802 FHE 120

o, 1509855 180 WA Z s o7k 242t PRB
o] AlzHloM whgEZe] HEFTREeRE Mg 4= o)
Z¥Z}; 7171l A 9] 74%4 ¢9] PRB ¥H&-EI= 90%, 85%,
75%= H7F HATh @G BAe] FEE
biomass®] ¥Z<] Moringa Oleifera powder= B%& 2
AT AANE gdet Aoz LR EZo|t)(Preston et
al., 2010). TE50E QH® HTE o83 vjxLA
] Moringa Oleifera powder 222 T84S 88 %
A8l Cd, Zn, CuE 22} 80, 90, 90% AA AL,
pHE 68-7.002 A3 A FA ’3}99\1:]-(Lee et al,
2010). #|2HE biomasse] FF& A|A 71Z
mechanism involving proton exchange®} chemosorption®-
2 55", Moringa Oleifera powder &3 T340
2 299 A 3 Ak sl A A wiA ot
&3t AR 2 5 dFo] T8 HATHLee et al,
2010). & AFANME= HAF7IZH180¥ )52 pHAEK(6.9y>
A G FA ST wEpA, 2 AolA 28
kA Al2Ee] "k 22 (MOM-Bentonitey> PCEE
298 AplrE 84 H B BAFeE A7 & 5 3
= g Aok
el A B 2] A5k S4J(ORP, Eh, EC,
pH $)e WeMARe] WA ST Bl
sjol vl Fa@ QA7 Bk dF SW, GAwg
(reductive dehalogeneration)© 2 PCES} 20| WHEs]Aio]
T 9okl 2L Fal /isaln Fald B A
k. ol ¥h-S 7FsAl ke 21 H(Fe), UA(NI),
T2 (Cu), LFUFAD, °FAZn)Te AB715 S (zero-
valent metal)°]™ &A| H(Fe0)o] Bo] 220]1 AT}
(Longmire et al., 1991; USEPA, 2001;
Sbaffoni, 2009). FF3-E2S 71 H(Fe0)S ARESH
PCEZ 29%¥ Aglre} whgsle] 3leb#] 283t pH«l
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7h TR vt ndEal 0&9301 R
ssba] wishs WheE

DCE, vCe}
e —H‘Lﬁg /‘3” ZAAAR Al=E E8-S A7)
= SR (Roberts et al., 1996). &gt Wkg-o] A& o7
Jojuhd WSS 27| AdolA HelE Jo7|al o
opt d53t WhE-S o FA| EIlEE A= wdkel Folof
3hH, o] AlFE 23 (exhausting point)°|2} SFHUSEPA,
1995; USEPA, 1998; USEPA, 2001; ©]<& 2], 2003).
gk F2Ho o]2A] =HuA Ao S5
Ad MR 5o FRES 7R WA Y (reactive
zone)?] 7S o} pore cloggingo] Yojukar, T8-S
Bt Ries Aol ok wbA whEEe] A
o oA olelgh AEs HasE & e =24S A
g & a7} Jok. MOM-Bentonite &2 ARE3H B
AF 717 F2H180¥ e A EEZE K(Hydraulic
Conductivity)e] WH3l= TSR] tt), gk B2 Ay
At A o] ¥RHA AL R ot el
ELgke] Hsl SHAME g3t AlxFlo] = F eS

y_oq é?it}

SEg U

SEAT 0GB WgYIAe) HIAF EHe b
asw ol WA Al HHSE S e

A& 2] wizolnt. olefgh HA5lE $18le] MINTEQA2
-8 Geochemical Model& AFE3t] E3Pdelo] &
A 214 , %—SH %‘zl—z]-_g_oﬂ sk g}tﬂ-;(—l A 3t
(USEPA, 1995; USEPA, 1998; USEPA, 2001; ©]<%3}
9], 2003). ¥h34 7= dPdEET vk *‘7?«1 13
< Jrkeb] Hlste] Aldaehe slshA HFﬁ 25
Clacy 7]4«1 g Fol| WA= FAHE 5 Eﬁ
3 Bl dEle AN} AASS 2H 5}04 vk3
JL—_[LQ% FZA| 7 (residence time)yS 2FY 3T} &7]A4
AHE HEARME AekrAlY] s A8 Ak Bk
BAle] FAE Adsks RtE 28-Sl FTHUSEPA,
1995; USEPA, 1998; USEPA, 2001; °]=%} <], 2003;
Paria and Khilar, 2004). ¥ A7 = A oA A
T3 ghgEA|e] A ARE A AR Sy £ o B
13k A7) 2 s} /\ggzﬂ-xq AT 3 8 E o]
‘i Hglop} dPdEd} vhg-E42] vhgol vjxle J3S
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Table 2. Comparison of PRB system with different reactive materials

Location

Demonstration Facility, Portland, OR, USA

Demonstration Facility, Kyungki-do, South Korea

Contamination material PCE (12 mg/L)
Reactive material
Soil structure

Construction type

sand, sandy clay

Expenses $600,000
Results PCE (0.7 mg/L)
Test periods 3 months

SMZ (Surfactant Modified Zeolite)

Hanging Barrier in Perforated Metal Frame

PCE (11 mg/L)
MOM-Bentonite
sandy clay
Funnel and Gate
$550,000
PCE (0.9 mg/L)

3 months

T TES s AoE Add, Z2H W Redox#
ke 2790] Basi), oleldt ABAA 2AL A
= & U= procedure?] 7Rt} 3}8hH 712ke] Al ARg-
(interactiony2 #2351 F 7131e] APt 2=
CHUSEPA, 1995; USEPA, 1998; USEPA, 2001; ©|<%
s} 2], 2003).

3.2. HISEE9 3._*3_5!' oH[ME A 2|5 Afz|2te| H|m
AAIFCZ HkSEA] WEEEE82] IS 9IS A2
HREEE0] Od:rLQ—l— S}, o & S, pillared treated
clays(organophillic claysy= $2,000/ton®Z & (Fe’)l B]
3] a7tolut wlAl, AIQE, PAH 59 Al tis] a3}
B3, sodium dithionite B polysulfide= $500/ton
o7 ARl A7 AA ZHAIH],
(15 m~18 m)°l] AX|3]o} 3= Funnel & Gate® system
SOl Slo] Fdo] Bolate] REgEIA] 8-S =ole A
o= oA JTHUSEPA, 1995; USEPA, 1998; USEPA,
2001; ©]=8F 2], 2003; Paria and Khilar, 2004). Zeolite
L $20/tono- 2 WY FAHQA HFSEAZ A Si0of
A104i—|—Ei Azsh ol B4, 7=, ARKsel #
A A8 4 Stk (Morrison and Spangler, 1993; ©]
<3} 9], 2003). T3+ AHEAIA] 58 o83l Helw
WSEEe] o] Hsks dste] WA ARl
FUFeZA G885 Eole A% UTHUSEPA, 1995;
USEPA, 1998; USEPA, 2001; ©]&S} 2], 2003; Paria
and Khilar, 2004). £ A= AW ZAH AJFolA
428 H2l MOM-Bentonite &2 7% test site W]
SN AMHo R Besc BAHoR Fafst A
Hogw QPdgt EZolA|ut, 1 ou] A= o=e] th
& A4 9 Fa} 34 5ol A} HlaL Al oF 12%
A g3} Z‘Ioiﬂr(Table 2).
Aol A8 WhgERe] 7} ARl ALE HgiaL, 7}
AL $1,500/ton_;ci 7P ARt =30

E =] 1O 7
E3] e X

RS 7)o gt o= A=) A9 Aol |
T o] AXH BAle] AEs RS IS
= RUE™R 23e] gio] A rkelsst 9, 2003;
Paria and Khilar, 2004). $-2lue}e] Z-olx A2 &

el
c

of
o

et
&a
f
_&

4.4 £

o] PCE= HhS =2 SolM 53 e £l
oF. =29 PRBoIX] AdeE whEde] wEadhe 27
30890= 90%, 1804 Foll= 75%= H7t =k, =3t
AR7RK180)yE9] pHEX(6.9y& A} LMl A =]
Ak £ AdellA] HEE whguA] Alz=do] vhg £
(MOM-Bentonite}> PCEZ LH{H AskE 3187H4 9
AAFoR e & & U= 7P U= PRB WS E
A7 AgE

RS A S EAH L] 2RA] I A= TR
o @tme] WAl Aledde] Tastal, olE uk
o8 AEH ZUHYS T3 weHA
< 7B = ARkt 7 e dE el ARt W=

I
=
& Wdeiar, EFEstehs A9do] dasith

2 dAF= "= ofo]29} 32 DOE(Department of
Energy of IOWA, USA) Research Fund®] ¥4 =25
Hl—g}ocq 25 o:])ﬂ]]:ﬂﬁ-ﬁ A].ﬁl-t‘gedc}g] H;ﬂz% =89

7L/\]_1:F')141:]_ =3t 7H°]75]_~§ o oS EHZ/\] 1:1]

= ofo]@ 9} F-Hste] Dr. Robert Horton Jr. &} Dr.
Robert D. Codyoll A= ZHAR=HUT
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