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1. Introduction

The problems of soil and groundwater contamination have been evoked around
the world while the remediation processes and applications have been developed
for some decades. The US EPA reported that many volatile compounds (VOCs)
were existed in many groundwater wells. In Korea, numerous subsurface
contamination by leakage from underground storage tanks (UST) was also
reported, recently. To remediate contaminated soils and groundwater various
advanced oxidation processes (AOPs) have been developed. Especially ozone is
considered to be an attractive method in chemical oxidation processes due to its
high oxidant capacity (E’=2.08V) and electrophilic character. Hydroxyl radicals
were also produced during ozonation process that has even higher oxidation
potential (E°=3.06V). However, little studies have been performed regarding ozone
behavior and decomposition in groundwater since it consists of complex
components and has site specific characteristics.

In this study, ozone kinetics and diesel decomposition in groundwater by

ozonation process were investigated for further pilot-scale application at site.
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2. Experiment
2.1 Experiment apparatus and method

Figure 1 is a schematic of the apparatus used for ozone oxidation experiments
in this study. The reactor vessel is a cylindrical, approximately 0.2 m in diameter
by Im in height. The reactor has an effective volume of 25L.

Ozone gas was provided by an ozone generator (model OZAT® CFS-24A,
QOzonia Co.) Gas-phase ozone measurements were made by an in-line ozone
monitor (Afx series H1-S bench, IN-USA Co.). The concentration of residual
dissolved ozone concentration was followed by indigo procedure.
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Figure.l Schematic of experimental system

To determine changes of diesel decomposition in agueous phase, TOC
(Sievers.Co) were measured with varying ozone gas dosage.

Analytical measurement for PCE and TCE (Junsei. Co) was made with a
GC-ECD (HP 6890) after liquid-liquid extraction with n-hexane.

Deionized water was prepared with ultrapure water(Maxima Ultra Pure Water,
Elga, 2182M ), and simulated groundwater (SG) was prepared based on the
major components of J site groundwater. Ozone Kkinetics experiments were
performed with deionized water and actual diesel-contaminated groundwater and
TCE, PCE and diesel decomposition experiments were performed with deionized
water and SG. '

2.2 Groundwater analysis
Groundwater for this experiments was collected from wells in J site where it
was contaminated with diesel. Table 1 shows the analysis results of groundwater.
Table.l Properties of groundwater in J site

[ q Temp| Alkalinity Hardness TCE | PCE | COD | TOC
PP (e) |(CaCOs me/i) | (CaCOs mg/L) | (ug/L) | (ue/L) | (ng/L) | (me/L)
Ground
6.5-75(12-15 312 99.6 188 79 32 42
-water
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3. Result and discussion

Figure 2 is the result of ozone auto-decomposition in deionized water and
Figure 3 is the result in groundwater.
(r*>095) with second-order. second-order reaction rate
constant (k) was 5.0%10° 29%10° 17#10° L/mg'min in each reaction, and

Two reactions showed the high resolution
In deionized water,

half-life of ozone was 375 min. However, in groundwater k was 4.9%10 2,
1.4*1072, 0.65%10 2 L/mg-min with 147 min of half-life of ozone. The results
shown Figures 2 and 3 demonstrated that the ozone decomposition rate in
groundwater was much higher than that in deionized water. Considering those
results, it is expected that ozone could have been decomposed rapidly in proportion
as introduced ozone reacted with varieties of organic species.
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Figure.2 Ozone auto-decomposition reaction Figure.3 Ozone auto-decomposition reaction
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Figure. 5 Removal efficiency of TCE & PCE

after ozone reaction 3hr

In Figure 4, the residual ozone concentration in deionized water was higher
than in groundwater, indicating that ozone was decomposed quickly by reacting
with organic matters in groundwater.

Figure 5 shows the removal efficiencies of TCE and PCE in deionized water
and SG. Compared to gas purging, the removal efficiency by ozonation was much

— 155 -



higher at low ozone concentration. Therefore, ozone oxidation could be used to
eliminate TCE and PCE from groundwater efficiently. However removal efficiency
in deionized water was higher than in SG by 10% indicating hydroxyl radicals
were quenched by scavengers, such as carbonate & bicarbonate in groundwater.
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water and SG after ozone oxidation. Air purging itself could not lower TOC

Figures 6 and show the remainings of TOC in diesel saturated-deionized
values. TOC values were only lowered by ozonation process and higher ozone
concentration showed higher removal of TOC. The removal of TOC was greater

in deionized water than in SG coinciding with results of Figure 5.

4. Conclusion

In groundwater, the ozone auto-decomposition rate showed second-order
reaction and residual ozone concentration in groundwater was lower than in
deionized water indicating scavenging effects of ozone by inorganics in SG.

Ozone oxidation showed the good removal efficiencies of TCE and PCE, and
diesel in aqueous phase. Therefore, ozone oxidation process could be applied to
diesel-contaminated groundwater site remediation.
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