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Preliminary Experiments for the Remediation of Trichloroethene-Contam-
inated Groundwater Using Direct-Current and Zero-Valent Iron

Ji-Won Moon', Hi-Soo Moon'*, Yul Roh?, Suk Young Lee' and Yungoo Song'

IDepanmem of Earth System Sciences, Yonsei Universiny, 134 Shinchon-dong, Seadaenun-ku, Seoul, 120-749, Korea
Environmental Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN, USA

Reactive medium including zero-valent metals such as zero-valent iron (Fe”) degrades chlorinated solvents as a
contaminant plume flows through the treatment medium. Although the Fe” based reactive barrier has been demon-
strated to be a cost effective for trichloroethene (TCE)-contaminated plume remediation, current approach is lim-
ited by low process efficiency and uncertain, effective life of the medium. The objective of this study is to develop
an enhanced treatment method of TCE-contaminated groundwater using Fe® and direct current. The bench-scale test
using flow-through Fe” reactor column confirmed that the application of direct current with Fe® is highly effective
in enhancing the rate of TCE dechlorination. The dechlorination mechanism appears to be reductive, with the elec-
trons supplied by the iron oxidation and external power supply serving as the additional source of electrons.
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Table 1. Physical and chemical characteristics of trichloroethene.

Trichloroethene

Formula CCl,-CHCI
Color Colorless )
Melting point -87°C

Boiling point 86.7°C

Vapor pressure 95 mm at 30°C

Specific gravity 1.46 at 20°C

Odor Chlorinated solvent
Viscosity Less than water
Solubility in water 1100 mg/L at 20°C
USEPA MCL 0.005 mg/L

Source: Verschueren (1983); Cheremisinoff (1990); Cotruvo and Vogt (1990)
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Fg. 1. Schematic diagram showing experimental setup used
for TCE dechlerination.
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Table 2. Chemical composition of the simulated TCE-contaminated water.

Constituents Values Constituents Values
pH 6.1 Total iron {mg/L) 03
Eh (mV) +420 Magnesium (mg/L) 15
Dissolved oxygen (mg/L) 45 Potassium (mg/L} 2
Chloride (mg/L) 40 Sodium (mg/L) 20
Calcium (mg/L) 20 TCE (mg/L) 500~4740
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Fig. 2. Effect of flow rate on TCE dechtorination. (a) flow rate (FR)=1.724 m//min, C;=783 ppb, residence time (RT)=15.95
min, direct current (DC)=1.12 mA. (b) FR=2.5 mi/min, C;=783 ppb, RT=11 min, DC=0.86 mA. (c) FR=3.3 mi/min, Cy=783
ppb, RT=8.33 min, DC=0.9 mA. (d) FR=4.416 m//min, Cy=783 ppb, RT=6.227 min, DC=0.9 mA under the same condition
composed of column volume 56.5 m/, pore volume 27.5 mi, porosity 48.6%, and voltage 19.5V. Symbols are circle, column
with direct current and square, conirol column without direct current.
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Table 3. Chemical composition in influent and effluent water in reactive Fe” barrier used in the laboratory.

Simulated TCE-contaminated water

Parameters

Influent Effluent with current Effluent without current
pH 6.1 7.5-0.1 7.0-8.7
Eh (mV) +420 -80~2 0~200
Dissolved oxygen (mg/L) 45 <(}~01 0.01~0.02
Fe®* (mg/L} <0.01 29 7-15
TCE (ug/L) 150~3200 <2~180 <2~1000
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Fig. 3. Effect of experiment duration on TCE dechlorination (Influent TCE concentration = 4740 lig/L).
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