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Abstract−−−−The ozone kinetics (ozone auto-decomposition; effects of pH and solubility) and diesel/TCE/PCE decom-
position (effects of hydroxyl radical scavenger, pH, and ozone/H2O2) by ozonation process were investigated in aqueous
phase using deionized water, simulated groundwater, and actual groundwater. Reactions with deionized water and
groundwater both showed the second-order reaction rates: the reaction rate was much higher in groundwater (half-life of
14.7 min) than in deionized water (half-life of 37.5 min). It was accelerated at high pH condition in both waters. The use
of ozone showed high oxidation rates of TCE, PCE, and diesel. Hydroxyl radical scavengers acted as inhibitors for diesel
decomposition, and high pH condition and addition of hydrogen peroxide could promote to degrade diesel in ground-
water indicating ozone oxidation process could be effectively applied to treating diesel contaminated-groundwater.
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INTRODUCTION

Soil and groundwater contamination have been problems around
the world. The US EPA reported that many volatile organic com-
pounds (VOCs) such as trichloroethylene (TCE) and perchloroeth-
ylene (PCE) existed in many groundwater wells [Westrick et al.,
1983]. In California alone, over 1500 organic compounds were de-
tected such as chloroform, 1,1,1-trichlroethane and carbon tetrachlo-
ride, etc. [Mackay et al., 1990]. In Korea, extensive subsurface con-
tamination by leakage from underground storage tanks (USTs) has
been also reported, recently. To remediate contaminated soils and
groundwater, various advanced oxidation processes (AOPs) have
been developed such as Fenton, Fenton-like, ozone, ozone/UV, and
ozone/H2O2 processes [Watts et al., 1999]. Although the Fenton re-
action has been proven to be an effective method with hydroxyl
radical formation, it has many problems with pH adjustment (pH
3-4) requiring neutralization and sludge production of Fe(OH)3 [Oh
et al., 1993; Bull et al., 1992].

Ozonation is considered to be an attractive method in chemical
oxidation processes due to its high oxidant capacity (E0=2.08 V)
and electrophilic characteristics [Langlais et al., 1991]. Hydroxyl
radicals can be also produced during ozonation that have even higher
oxidation potential (E0=3.06 V). However, few studies have been
performed regarding ozone behavior and decomposition in ground-
water since it consists of complex components and has site-specific
characteristics [Freeze et al., 1979].

Diesel fuel, which is a complex mixture of intermediate distillates
from crude oil, is composed of approximately 40% of n-alkanes,
40% of iso- and cycloalkanes, 20% of aromatic hydrocarbons, and
a few percents of various mixtures. Among the components in diesel
fuels, compounds of lower molecular mass will tend to evaporate
and degrade more readily while other components remain in water.

Ozone reactions with aromatic compounds in diesel fuel have b
widely studied; however, little is known about the ozone react
with saturated hydrocarbons that are major components in diese
[Hamilton et al., 1968; Kuo et al., 1997]. In this study, ozone 
netics and diesel decomposition in groundwater by ozonation 
cess were investigated for further pilot-scale application at the s

MATERIALS AND METHODS

1. Experimental Apparatus and Methods
Fig. 1 is a schematic of the apparatus used in ozone oxida

Fig. 1. Schematic of experimental diagram.
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experiments in this study. The reactor vessel is cylindrical, approxi-
mately 0.2m in diameter by 1m in height with effective volume of 25
L. The height to diameter ratio of the vessel was about 5 :1 to main-
tain good mixing of the solution by bubbling [Gurol et al., 1982].
A liquid sampling port was located approximately 5 cm from the
bottom of reactor.

Ozone gas was provided by an ozone generator (model OZATR

CFS-2A, Ozonia Co., USA). Gas-phase ozone measurements were
made by an in-line ozone monitor (Afx series H1-S bench, IN-USA
Co., USA). Excess ozone gas was passed through to an ozone de-
structor. The concentration of residual dissolved ozone concentration
in water was followed by indigo procedure [Ciesceri et al., 1998].

To determine changes of diesel decomposition in aqueous phase,
TOC (TOC analyzer, Sievers. Co., USA) was measured by vary-
ing ozone gas dosage. Analytical measurement for TCE (Junsei.
Co., Japan) and PCE (Aldrich Co., USA) was done with a GC-ECD
(HP 6890, Hewlett Packard Co., USA) after liquid-liquid extrac-
tion with n-hexane for 24 hr.

Deionized water was prepared as ultrapure condition (≥18.2 MΩ,
Maxima Ultra Pure Water, Elga, USA), and simulated groundwater
(SG) was prepared based on the major components in groundwa-
ter at the site. Ozone kinetics experiments were performed with de-
ionized water and actual contaminated groundwater, and TCE, PCE
and diesel decomposition experiments were performed with deion-
ized water and SG. The pH was adjusted with hydrochloric acid
(HCl) and sodium hydroxide (NaOH), and all experiments were
performed in batch-type mode.
2. Groundwater Analysis

Groundwater for this experiment was collected from monitoring
wells at the site where it was contaminated with diesel. Table 1 shows
the results of groundwater analysis. The heavy metals, which are
hazardous to public health, were below maximum concentration
levels (MCLs) or not detected.

Fig. 2 shows the major components in groundwater. Cations w
analyzed with inductively coupled plasma mass spectrometry (I
MS, HP 503, Hewlett Packard Co., USA) and anions were me
ured with ion chromatography (Dionex, USA).

RESULTS AND DISCUSSION

1. Ozone Auto-decomposition
The decomposition of ozone in aqueous solution has been stu

for several decades. In the literature regarding the kinetics of oz
decomposition, the most common observation is the reported
agreement among different researchers as to both the order o
decomposition reaction and the magnitude of the reaction rate 
stant. The range of conditions investigated by various researc
and their conclusions concerning the reaction order relative to oz
is summarized in Table 2 [Gurol et al., 1982].

Table 1. Properties of groundwater at the site and groundwater
quality standards

Category
This

groundwater
MCLs*

General pH 6.5-7.5 5.8-8.5
contamination COD 32 ≤6 (mg/L)
matters MPN/100 mL 140 ≤5,000

NO3-N 7.6 ≤20 (mg/L)
Cl− 51 ≤250 (mg/L)

Specific Cd 0.094µg/L ≤0.01 (mg/L)
contamination As 0.34µg/L ≤0.05 (mg/L)
matters CN− No detect No detect

Hg No detect No detect
Pb 2.3µg/L ≤0.1 (mg/L)
Cr6+ 1.5µg/L ≤0.05 (mg/L)

Phenol No detect ≤0.005 (mg/L)
Organic

phosphorous
No detect No detect

TCE 188µg/L ≤0.03 (mg/L)
PCE 79µg/L ≤0.01 (mg/L)

*MCLs: Maximum contaminant levels

Fig. 2. Stiff diagram of groundwater.

Table 2. Summary of the kinetics of ozone decomposition in water

pH Temperature (οC) Reaction order

2-4 0 2
5.3-8 0 2
acidic 3/2
basic 1
1-2.8 0-27 1

7.6-10.4 1.2-19.8 1
0-6.8 25 3/2
8-10 25 2

5.4-8.5 5-25 3/2
10-13 25 1

9.6-11.9 25 1
6 10-50 3/2-2
8 10-20 1

2-4 30-60 2
0.22-1.9 5-40 1 or 2

9 20 1
8.5-13.5 18-27 1
0.5-10.0 3.5-60 1
2.1-10.2 25 3/2
acidic 25 1-2
basic 25 1

in this study
5.5-5.8 (deionized water) 15 2

6.8-7.3 (groundwater) 12-15 2
March, 2003
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These major differences among the findings of the various re-
searchers are believed to be due to different experimental condi-
tions (pH, temperature, and ionic strength, etc.), different experi-
mental systems, the presence of impurities in the reagents, and var-
ious data analysis methods. Additionally, most of the researchers
studied the decomposition reaction in batch reactors and analyzed
their data only by the integral method [Gurol et al., 1982].

Kuo et al. [1977] measured the ozone auto-decomposition rate
at 25oC in deionized water (pH 5.2-5.4), and the results showed
reaction orders of 1 and 3/2 and half-life of 40 min each. Although
the reaction order and reaction rate constants were different, the half-
life (approximately 40min) showed results similar to many previous
studies.

Fig. 3 is the result of ozone auto-decomposition in deionized water
(a) and in groundwater (b) at different initial concentrations. Two
reactions showed the high correlation (r2>0.95) with second-order
reaction constants. In deionized water, second-order reaction rate
constant (k) was 5.0*10−3, 2.9*10−3, and 1.7*10−3 L/mg min in each
reaction, and half-life of ozone was averaged at 37.5 min. Although
reaction order was different with that of Kuo et al. [1977], the half-

life in this study showed similar results. On the other hand, the
action rate constant in groundwater was 4.9*10−2, 1.4*10−2, and 0.65*
10−2 L/mg min in each reaction with 14.7 min of half-life of ozon
The results shown in Fig. 3 demonstrate that the ozone auto-de
position rate in groundwater was much higher than that in de
ized water, indicating ozone could have been decomposed ra
reacting with various organic species in groundwater.
2. The Effect of pH on Ozone Decomposition

Generally, it has been known that variables such as pH, tem
ature, natural organic matters (NOMs), ionic strength, and UV co
affect ozone decomposition. Especially, pH has been known m
effective on ozone decomposition than the other variables. At ac
condition, ozone is stable; however, ozone decomposition rate is
celerated at high pH (pH 9-12) [Langlais et al., 1991; Staeheli
al., 1985].

Fig. 4 shows the ozone auto-decomposition at different pH v
ues (acidic, neutral, and basic conditions) showing second-orde
action rates in all conditions. Similar reaction rates were obser
below neutral pH conditions, and higher reaction rate was exam
with pH of 10.2 [Fig. 4(a)] indicating hydroxide ion (OH−) acceler-

Fig. 3. Ozone auto-decomposition rate with second-order reaction
at different initial concentration in water.
(a) Deionized water (pH: 5.5-5.8, Temp: 15oC)
(b) Groundwater (pH: 6.8-7.3, Temp: 12-15oC)
Initial ozone gas concentration (λ: 10 mg/L, ν: 20 mg/L, σ: 30
mg/L)

Fig. 4. The pH effect on ozone auto-decomposition at different pHs.
(a) Deionized water; σ (pH=3.9), λ (pH=5.8), ν (pH=7.5), τ
(pH=10.2)
(b) Groundwater; σ (pH=3.5), λ (pH=5.6), ν (pH=7.1), τ (pH=
10.8)
Korean J. Chem. Eng.(Vol. 20, No. 2)



296 S.-H. Kong et al.

 the

r, S
han
een

 with
tters
water
ting
rs in

are
igher
CE
ated the ozone decomposition [Eq. (1); Gurol et al., 1982; Staehe-
lin et al., 1982; Kuo et al., 1999].

O3+OH−
�O2

−+HO2· (1)

In Fig. 4(b) similar results with Fig. 4(a) are shown indicating ozone
decomposition rate at high pH (pH=10.8) was faster than that of
below neutral pH (pH=7.1) in groundwater. However, compared
with Figs. 4(a) and 4(b), the differences of reaction rate constants
between neutral pH and basic pH in groundwater were smaller than
those in deionized water, indicating that ozone decomposition might
not only be accelerated by hydroxide ion but also by various or-
ganic and inorganic matters in groundwater. The reaction rate con-
stants above each reaction are summarized in Table 3. Reaction rate
constants were much higher in groundwater than in deionized water,
implying that effects of organic and inorganic matters could be stron-
ger than those of pH in groundwater.
3. Ozone Transfer Efficiency

Generally, ozone solubility in aqueous phase is determined by
ozone concentration, temperature, and pH. It could be expressed as
Bunsen adsorption coefficient (β) or solubility ratio (S), which means
ratio of ozone concentration in water to ozone concentration in gas
at a certain temperature. Ozone solubility ratio could also be calcu-
lated with the following equation [Langlais et al., 1991].

Ln S=−0.45−0.043 t (2)

where, S=solubility ratio as mg/L in water to mg/L in gas
where, t=temperature (oC)

Fig. 5 shows the residual ozone concentration in water. When
experiment was performed with deionized water at 15oC, ozone sol-
ubility S could be calculated as 0.34 by using Eq. (2). Howeve
was observed at 0.48 in this study, which was much higher t
the theoretical value. This result shows that ozone might have b
supersaturated in water due to better contacting of ozone gas
water, and a large amount of ozone could react with organic ma
in aqueous phase. The residual ozone concentration in deionized 
(S=0.48) was higher than that in groundwater (S=0.28), indica
ozone was decomposed quickly by reacting with organic matte
groundwater (Fig. 5).
4. TCE and PCE Degradation

Groundwater analysis showed that TCE and PCE, which 
known as carcinogens, were detected at the level of 6-8 times h
than MCLs. Fig. 6 shows the removal efficiencies of TCE and P

Table 3. Reaction rate constants with second-order reaction at dif-
ferent pH in deionized water and groundwater

pH
k (Reaction rate

constant; L/mg·min)
Half-life
 (min)

Deionized 3.9 0.0027 38.6
water 5.8 0.0030 35.8

7.5 0.0033 31.9
10.2 0.0051 21.3

Groundwater 3.5 0.0061 17.6
5.6 0.0063 16.9
7.1 0.0064 16.6

10.8 0.0075 14.1

Fig. 5. Residual ozone concentration in aqueous phase (λλλλ: Deion-
ized water, νννν: Groundwater).

Fig. 6. TCE and PCE decomposition with varying ozone dosage
after 3 hr ozone reaction.
(a) Deionized water (b) Simulated groundwater
March, 2003
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in deionized water [Fig. 6(a)] and SG [Fig. 6(b)]. Trichloroethylene
and PCE evaporate easily since TCE (Henry’s constant, 9.1*10−3

atm-m3/mole at 25oC) and PCE (0.0153 atm-m3/mole) have low
Henry’s constants [Watts, 1998]. The removal efficiency by ozona-
tion was much higher at low ozone concentration compared to air
purging itself indicating ozone oxidation could be applied to elimi-
nate TCE and PCE from groundwater efficiently.

Considering those results, TCE (kOH·=4.0*109 M−1S−1) and PCE
(kOH·=2.8*109 M−1S−1) have high reaction rate constants with hy-
droxyl radical [Watts, 1998], whereas they have very low reactiv-
ity with ozone (TCE kO3=1.7*101 M−1S−1, PCE kO3=<10−1 M−1S−1)
[Hoigne et al., 1983]. Therefore, it could be assumed that most of
them were degraded by hydroxyl radicals produced by ozone decom-
position. Comparing Figs. 6(a) and (b), removal efficiency in deion-
ized water was higher than that in SG by 10%, indicating hydroxyl
radicals were quenched by scavengers such as carbonate (kOH·=4.2*
108 M−1S−1) and bicarbonate (kOH·=1.5*107 M−1S−1) in groundwater
[Watts, 1998].
5. Diesel Decomposition

In aqueous solution, ozone may act on various organic compo
by direct reaction with the molecular ozone and by indirect reac
with the radical species formed by ozone decomposition proce
water [Staehelin et al., 1982; Nelson et al., 1994; Legube et al., 19

Fig. 7 shows the remaining TOC in diesel saturated-deioni
water [Fig. 7(a)] and SG [Fig. 7(b)] after ozone oxidation. Air pur
ing itself could not lower TOC values. TOC values were only lo
ered by the ozonation process, and applying higher ozone con
tration showed higher removal of TOC. The removal of TOC w
greater in deionized water than in SG coinciding with the result
Fig. 6. In Fig. 7, the TOC values increased initially and afterwa
decreased, indicating that the large molecular organic matters m
have been broken down into smaller molecular matters as rea
with ozone in aqueous solution. Especially, it is reported that 
hydroxyl radical reaction is probably the only reaction capable
degrading the saturated aliphatic molecules since ozone has
low reactivity with saturated hydrocarbons [Nelson et al., 1994; Le
be et al., 1999]; therefore, it could be assumed that ozone rea
with unsaturated hydrocarbons and aromatic compounds at the
tial reaction.

Fig. 8 shows the effect of hydroxyl radical scavenger in SG. 
a result of groundwater analysis, bicarbonate was a main com
nent in scavengers. As previously mentioned, bicarbonate has
reactivity with hydroxyl radicals, and it has been proven to be
effective hydroxyl radical scavenger. When bicarbonate concen
tion increased, TOC removal decreased (Fig. 8), explaining the
sults of Figs. 6 and 7 that the removal efficiencies were lowe
SG than in deionized water. Therefore, the removal of bicarbon
by softening or demineralizing would enhance the rate of oxida
of organic micropollutants.
6. The Effects of pH on Diesel Decomposition

Legube et al. [1999] reported basic solution improved the efficie
of treating contaminated water by ozone. In Fig. 4, it was sho
previously that ozone decomposition rate was accelerated at 
pH in both deionized water and SG. Fig. 9 shows the result
TOC removals at different pHs in deionized water and SG. Die

Fig. 7. TOC removal in diesel-saturated water with varying ozone
dosage.
(a) Deionized water (b) Simulated groundwater
(σ: Air purging, ν: 10 mg/L, λ: 30 mg/L, τ: 50 mg/L in feed
ozone gas)

Fig. 8. The effects of hydroxyl radical scavengers in diesel decom
position.
Ozone concentration: 50 mg/L, HCO3

− concentration, λ: 0, ν:
381.25 mg/L, σ: 762.5 mg/L in solution
Korean J. Chem. Eng.(Vol. 20, No. 2)
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decomposition was not affected by pH conditions below neutral
but removal efficiency was higher at basic conditions. It was prob-
ably due to hydroxyl radical formation through ozone decomposi-
tion by hydroxide ions.
7. The Diesel Decomposition with Ozone/H2O2

As for treatment of industrial wastewater, many studies have led
to further improvement in efficiency of ozonation for various ap-
plications; ozone in alkaline solution (O3+OH−), photolysis of ozone
(O3+UV), and perozone (O3+H2O2) are the principal existing AOPs
known as the most promising processes for industrial effluents de-
pollution [Beltran et al., 1998; Bellamy et al., 1991; Benitez et al.,
1999; Legube et al., 1999]. Fig. 10 shows the results of H2O2/O3

oxidation in diesel decomposition.
As a result of experiment in deionized water, the H2O2/O3 sys-

tem was far more effective than O3 alone system, and the optimal
H2O2/O3 molar ratio was 0.5 coinciding with a previous study [Bel-
lamy et al., 1991]. However, it was 1.0 in SG due to various inor-
ganic matters existing in SG. Therefore, it may be necessary to op-
timize the H2O2/O3 ratio regarding the site characteristics when ap-

plied at the site.
The mechanism of hydrogen peroxide in ozone solution is as

lows:

H2O2+H2O�HO2
−+H3O

+ (3)

O3+HO2
−
�OH·+O2

−+O2 (4)

When hydrogen peroxide is combined with water, it partially d
sociates into hydroperoxide ion (HO2

−) [Eq. (3)]. Also, hydroper-
oxide ion is likely to induce decomposition of ozone in water ge
erating highly reactive hydroxyl radicals [Eq. (4)]. Comparing Fig
9 and 10, addition of hydrogen peroxide introduced a higher e
ciency than pH adjustments, indicating hydroperoxide ion was 
ter than hydroxide ion (OH−) in hydroxyl radical formation.

CONCLUSION

In groundwater, the ozone auto-decomposition rate showed 
ond-order reaction, and residual ozone concentration in ground
ter was lower than in deionized water indicating scavenging effe
of ozone by organic and inorganic matters in SG. The high pH c

Fig. 9. TOC removal in diesel-saturated water at different pHs.
Ozone gas concentration: 50 mg/L
(a) Deionized water (σ: pH=3.2, λ: pH=5.8, ν: pH=7.5, τ:
pH=10.1)
(b) Simulated groundwater (σ: pH=3.5, λ: pH=5.7, ν: pH=
7.2, τ: pH=10.2)

Fig. 10. Diesel decomposition with ozone/H2O2 oxidation.
H2O2/O3 molar ratio (R), σ: no H2O2, λ: R=0.25, ν: R=0.5, τ:
R=1.0
(a) Deionized water (b) Simulated groundwater
March, 2003
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dition was more effective in ozone decomposition in both aqueous
phases. Ozone oxidation showed good removal efficiencies of TCE,
PCE, and diesel in aqueous phase. These contaminants were de-
graded by direct and indirect reactions of ozone. The higher ozone
concentration showed the greater diesel TOC removal, and high pH
and addition of hydrogen peroxide to ozone accelerated diesel de-
composition, suggesting ozone oxidation process could be applied
to diesel-contaminated groundwater site remediation with proper ad-
justment of pH and addition of H2O2.

ACKNOWLEDGMENTS

This work was supported by Hanyang University.

REFERENCES

Bellamy, W. D., Hickman, G. T., Mueller, P. A. and Ziemba, N., “Treat-
ment of VOC-Contaminated Groundwater by Hydrogen Peroxide
and Ozone Oxidation,” Res. J. Water Pollut. Control Fed., 63, 120
(1991).

Beltran, F. J., Encinar, J. M. and Alonso, M. A., “Nitroaromatic Hydro-
carbon Ozonation in water: 2. Combined Ozonation with Hydrogen
Peroxide or UV Radiation,” Ind. Eng. Chem. Res., 37, 32 (1998).

Benitez, F. J., Beltran-Heredia, J., Acero, J. L. and Rubio, F. J., “Chem-
ical Decomposition of 2,4,6-Tricholrophenol by Ozone, Fenton’s
Reagent, and UV Radiation,” Ind. Eng. Chem. Res., 38, 1341 (1999).

Bull, R. A. and Zeff, J. D., “Chemical Oxidation,” Technomic Publish-
ing Co. Inc., PA. (1992).

Ciesceri, L. S., Greenberg, A. E. and Eaton, A. D., “Standard Methods
for the Examination of Water and Wastewater,” 20th Ed., Am. Pub-
lic Health Assoc., Washington, D.C. (1998).

Freeze, R. A. and Chery, J. A., “Groundwater,” Prentice-Hall Inc., New
Jersey (1979).

Gurol, M. D. and Singer, P. C., “Kinetics of Ozone Decomposition: A
Dynamic Approach,” Environ. Sci. Techol., 16, 377 (1982).

Hamilton, G. A., Ribner, B. S. and Hellman, T. M., “The Mechanism
of Alkane Oxidation by Ozone,” Advances in Chemistry Series, 77,
15 (1968).

Hoigne, J. and Bader, H., “Rate Constants of Reactions of Ozone with
Organic and Inorganic Compounds in Water: Non-dissociating Or-

ganic Compounds,” Wat. Res., 17, 173 (1983).
Kuo, C. H., Ahong, L., Zappi, M. E. and Hong, A. P., “Kinetics an

Mechanisms of the Reaction between Ozone and Hydrogen Pe
ide in Aqueous Solutions,” Canad. J. Chem. Eng., 77, 473 (1999).

Kuo, C. H., Li, K. Y., Wen, C. P. and Weeks, J. L., “Absorption and D
composition of Ozone in Aqueous Solutions,” Am. Inst. Chem. Sym.
Ser., 73, 230 (1977).

Kuo, C. H., Zhong, L., Wang, J. and Zappi, M. E., “Vapor and Liqu
Phase Ozonation of Benzene,” Ozone Science & Engineering, 19,
109 (1997).

Langlais, B., Reckhow, D. A. and Brink, D. R., “Ozone in Water Tre
ment: Application and Engineering,” Lewis, Chelsea, MI (1991).

Lee, L. S., Hagwall, M., Delfino, J. J. and Rao, P. S., “Partitioning
Polycyclic Aromatic Hydrocarbons from Diesel Fuel into Wate
Environ. Sci. Technol., 26, 2104 (1992).

Legube, B. and Leitner, N. K., “Catalytic Ozonation: a Promising A
vanced Oxidation Technology for Water Treatment,” Catalysis Today,
53, 61 (1999).

MacKay, D. M. and Smith, L. A., “Agricultural Chemicals in Ground
water: Monitoring and Management in California,” J. Soil Water
Conserv., 45, 252 (1990).

Nelson, C. H. and Brown, R. A., “Adapting Ozonation for Soil an
Groundwater Cleanup,” Chemical Engineering, 11, EE18-EE21
(1994).

Oh, D. K. and Yoon, T. I., “Fenton Oxidation of Organic Wastewate
Chemical Industry and Technology, 11, 157 (1993).

Staehelin, J. and Hoigne, J., “Decomposition of Ozone in Water: R
of Initiation by Hydroxide Ions and Hydrogen Peroxide,” Environ.
Sci. Techol, 16, 676 (1982).

Staehelin, J. and Hoigne, J., “Decomposition of Ozone in Water in
Presence of Organic Solutes Acting as Promoters and Inhibitor
Radical Chain Reactions,” Environ. Sci. Technol., 19, 1206 (1985).

Watts, R. J., “Hazardous Wastes; Sources, Pathways, Receptors,”
Wiley & Sons, Inc. (1998).

Watts, R. J., Foget, M. K., Kong, S. H. and Teel, A. L., “Hydrogen P
oxide Decomposition in Model Subsurface Systems,” J. Hazard.
Mater., 69, 229 (1999).

Westrick, J. J., Mills, J. W. and Thomas, R. F., “The Groundwater S
ply Survey: Summary of Volatile Organic Contaminant Occurren
Data,” U.S. EPA, Office of Drinking Water, Cincinnati, OH (1983)
Korean J. Chem. Eng.(Vol. 20, No. 2)


	Ozone Kinetics and Diesel Decomposition by Ozonation in Groundwater
	Sung-Ho Kong†, Choong-Il Kwon and Moo-Hoon Kim*
	Dept. of Chemical Eng., Hanyang University, Seoul 133-791, Korea *Samsung Engineering R & D Cente...
	Abstract�-�The ozone kinetics (ozone auto-decomposition; effects of pH and solubility) and diesel...
	Key words:�Ozone, Groundwater, Diesel, Hydroxyl Radical, Hydrogen Peroxide
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES






