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ABSTRACT

The laboratory and field studies were conducted to identify an optimal injection concentration of nanoscale zero-valent
iron particles (NZVI) and to evaluate the applicability of NZVI-based reactive zone technology to the site contaminated
with trichloroethylene (TCE) DNAPL (Dense Non-Aqueous Phase Liquid). The laboratory test found an optimal injection
concentration of NZVI of 5 g/L that could remove more than 95% of 0.15 mM TCE within 20 days. Eleven test wells
were installed at the aquifer that was mainly composed of alluvial and weathered soils at a strong oxic condition with
dissolved oxygen concentration of 3.50 mg/L and oxidation-reduction potential of 301 mV. NZVI of total 30 kg were
successfully injected using a centrifugal pump. After 60 days from the NZVI injection, 86.2% of the TCE initially present
in the groundwater was removed and the mass of TCE removed was 405 g. Nonchlorinated products such as ethane and
ethene were detected in the groundwater samples. Based on the increased chloride ion concentration at the site, the mass
of TCE removed was estimated to be 1.52 kg. This implied the presence of DNAPL TCE which contributed to a higher
estimate of TCE removal than that based on the TCE concentration change.
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Fig. 1. (a) Satellite photograph of the pilot test area, (b)
Configuration of injection and monitoring wells.
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Fig. 2. Schematic diagram for injection of nanoscale zero-valent iron particles.
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Fig. 3. Effects of NZVI concentration on TCE degradation kinetics
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Fig. 4. Pseudo-first-order rate constants (k) for TCE degradation
at various NZVI concentrations. Uncertainties represent 95%
confidence limits to estimates for rate constants.
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Table 1. The results of measurements for pH, DO, and ORP
values in the groundwater on October 06, 2011
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Table 2. Monitored TCE concentrations in the groundwater and
removal efficiencies

Wells pH DO (mg/L) ORP (mV)
W 7.08 5.74 339
MW1 7.35 2.56 301
MW2 7.03 2.30 310
MW3 7.44 427 325
MWw4 7.48 3.60 307
MWS5 7.33 4.45 323
MW6 7.34 3.18 300
MW7 7.54 4.42 328
MW8 7.36 2.98 310
MW9 9.38 3.00 201
KDMW3 7.53 242 295
Mean® 7.62 3.50 301

* The average values were calculated by numerical integration
using the trapezoidal rule of Surfer program
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MW1 0.12 0.20 -
MW2 0.077 0.23 -
MW3 0.36 0.21 417
MW4 0.71 0.25 64.8
MWS5 2.36 0.51 78.4
MW6 0.80 0.38 52.5
MW7 0.02 0.19 -
MW8 0.20 0.29 -
MW9 0.21 0.28 -
KDMW3 432 0.72 83.3
Mean® 1.84 0.25 86.2

#The average concentrations for TCE were calculated by numer-
ical integration using the trapezoidal rule of Surfer program

® 94 = [(initial concentration — final concentration)/initial concen-
tration] x 100.
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Fig. 5. TCE concentration distribution in the pilot test area on (a)
Day 7 before injection of NZVI, (b) Day 30 after injection, (c)
Day 60 after injection.
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Fig. 6. Concentration distribution of ethene and ethane in the pilot
test area on (a) Day 7 before injection of NZVI, (b) Day 30 after
injection, (c) Day 60 after injection.
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Fig. 7. Concentration distribution of chloride ion in the pilot test
area on (a) Day 7 before injection of NZVI, (b) Day 30 after
injection, (c) Day 60 after injection.
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