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Abstract :

Hybrid barriers using reduction and immobilization were tested to remediate the groundwater contaminated with

multi-pollutants in this study. Iron filings and HDTMA(hexadecyitrimethylammonium)-bentonite were simulated in columns
to assess the performance of hybrid barriers for remediation of trichloroethylene(TCE)-contaminated water. TCE reduction
rate for the mixture of iron filings and HDTMA-bentonite was about 7 times higher than that for iron filings, only suggesting
the reduction of TCE was accelerated when HDTMA-bentonite was mixed with iron filings. TCE reduction rate for the two
layers of iron and HDTMA-bentonite was nearly similar to that for iron filings alone, but the partition coefficient(Ky) for the
two layers was 4.5 times higher than for that iron filings only. TCE was immobilized in the first layer with HDTMA-bentonite,
and then dechlorinated in the second layer with iron filings. HDTMA-bentonite may contribute to the increase in TCE
concentration on iron surface so that more TCE can be reduced. Also, TCE removal in the hybrid barriers was not affected by
chromate and naphthalene while the reduction rate of TCE with the co-existing contaminants by iron filings was significantly
decreased. Significant TCE removal in this research indicates that the proposed hybrid barrier system has the potential to
become the effective remediation alternative during the occurrence of oil shock. Also, if subsurface environments are
contaminated with multi-pollutants that contain non-reducible compounds as well as reducible compounds such as TCE, the
conventional reactive barriers cannot be applied to this subsurface environment, while the proposed hybrid system can be

applied successfully.
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Fig. 1. Schematic diagram of hybrid barriers for the

removal of trichloroethylene (TCE).
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Table 1. Properties of Natural Bentonite used in this study

Properties Measured Values
CEC (meq./100g) 63.9
Organic carbon content (w/w) 0.54
Specific surface area (m“/g)-BET method 427
Swelling (mL/g dry-bentonite) 6.5
pH 9.8
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Fig. 2. Experimental design of column set-up.
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Table 2. Compositions of Reactive Materials Used in Dy-
namic Column Experiments

Column reactive mixture composition (mass %)

Cl 80 % sand, 20 % iron filings (from 0 to 40 cm)

C2 80 % sand, 20 % HDTMA-bentonite (from 0 to 40 cm)

60 % sand, 20 % iron filings,

e 20 % HDTMA-bentonite (from 0 to 40 cm)

80 % sand, 20 % HDTMA-bentonite (from 0 to 20 cm)

4
¢ 80 % sand, 20 % iron filings (from 20 to 40 cm)
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Fig. 3. Effluent concentrations of TCE in Cl1 (iron filings +
sand) at various sampling points.

& Yoj}A] gt Fig. 3-2 sand@} iron filings©. & ¢
A AY Clo 7t A&y FEAM TCE FHA{HE Ho
FI Atk FE2F TR HEY A A w2t @
g on, wgFe FA TAVF &5 TCE $5F
WS- FAANASS ¢ & Ut "YY Holrt FUMEFE
30 Ele] TCES] A sEe AF FFH02 A
& Utk mebA, g9 Askre] F3S(permeable
barrier)& 915 BH-goj Ao FAE vl&H} AHE HHsHA
a3t} AAEojor & Zojrtk

B
Q.
=

1.2
a)Cl1
1.0 ¢ ( )
08 1 . T
ol
S 061 |
04 + T
Dry density (mg/m’) = 1.88
02 1 Porosity = 0.34 T
Seepage velocity (cm/sec) = 4.83E-04
0.0 + + + +
0 5 10 15 20 25
PVE
0.8
(©C3
0.6 +
Nd
Q 041
&}
0.2 ¢ Dry density (mg/m’) = 1.72
Porosity = 0.33
Seepage velocity (cm/sec) = 4.07E-04
0.0 + "
0 5 10 15 20 25

PVE

312 A HSEE 0|83 TCES| M

Fig. 4% 4714 A49] 10cmo)|A TCE ##}IFH-L Ho
Z1 9lth. TCE?] F=x W3l iron filingsol] 3 A3}
HDTMA-flEL o) E9] B3 T 717 7|2t o)) o}7] &
Ut transport RS o] &3t wifRSFE T oH A
(E ol&d HaxsHozA fislded, 4 3 @)
2R FALRK)S HEEELS WE 2E F e
o, 3 wjZAR AME-H iron filingse] HIEHAOZ o
HHEEE AFKsa)E 25 F ATk Table 32 4AF
A & 2dE o]8ste] T transport WiZHHEFE U
EfUIich. A3 Cl, C29F C3914] 10cmellA] A¥ ARE
AHE3E wbEo], £ oo EelE Fo= Ho Ue HY C4
9] AL+ 20cme} 40cm Aro]r} iron filings¥ sand & )
AR A7] wZel 30cmolxe] HY ARE A
HDTMA-YIEYo|EE 7121 BYE C2, C39 C49A49]

r

Table 3. Transport Parameter Values Determined by Mode-
ling with Experimental Results

parameter Cl (10cm) C2 (10cm) C3 (10cm) C4 (30cm)
D (em’/sec)x10° 2.04 2.14 242 492
. (cm) 422 4.40 5.95 5.73
Ko (L/kg) 0.83 3.24 238 37N
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Fig. 4. Effluent concentrations of TCE in various columns. (a) Cl (iron filings +sand), (b) C2 (HDTMA - bentonite +
sand), (¢) C3 (mixed iron filings + HDTMA - bentonite + sand), and (d) C4 (two layers: HDTMA - bentonite + sand

and iron filings + sand).
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Fig. 6. Effluent concentrations of TCE with chromate in various columns. (a) Cl (iron filings +sand), (b) C2 (HDTMA -
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Fig. 8. Effluent concentrations of TCE and naphthalene in various columns. (a) C1 (iron filings +sand), (b) C2 (HDTMA -
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