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In chapter one, a brief introduction to lipids and their roles in natural waters was provided. Also,
OH radical (‘OH) and singlet oxygen (*0;) were introduced. Despite the presence of lipids in
natural water and the availability of conditions necessary to oxidized them, quantification of
lipid hydroperoxides (LHPs) have not yet been reported perhaps due to lack of a selective
analytical method to determine them. Hence, the need to selectively quantify LHPs was
presented. Also, the need to determine ‘OH and 0, in various natural waters in Japan was
discussed. Therefore, this present study involved development of analytical method to
selectively determine LHPs in natural waters. Also, the lack of information on the 0,
generation in natural waters in Japan and expansion of available data on ‘OH formation rate

were addressed.

Chapter two reports the development of a selective analytical method to determine LHPs in

natural waters. A method was developed to selectively determine LHPs in river water using the
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fluorescent probe Liperfluo (2-(4-diphenylphosphanyl-phenyl)-9-(3,6,9,12-tetraoxatridecyl)-
anthra[2,1,9-def:6,5,10-d’e’f’]diisoquinoline-1,3,8,10-tetraone). The optimum conditions for
the application of the probe were established. The conditions and the probe used in this study
showed high selectivity for LHPs over other natural water hydroperoxides, including hydrogen
peroxide, methyl hydroperoxide and ethyl hydroperoxide. The method was applied to the
guantification and fate determination of LHPs in water from the Kurose River (Japan). The
concentrations ranged from below detection limit to 98 nM (ave. 37.2 nM; n =12). The LHPs in
river water samples were found to quickly photo-decomposed within an hour. The irradiation of
LHP-spiked river water using a solar simulator resulted in an increased H;0, concentration,

suggesting that H,0; formation may be a possible sink for LHPs in river water.

The spatial distribution of photogenerated 0 in Seto Inland Sea, which was hitherto lacking,
was reported in chapter 3. Furfuryl alcohol(FFA) was used as a probe to quantify 10, generation.
It reacts with 'O, to form 6-Hydroxy-2H-pyran-3(6H)-one (6-HP-one). The steady state

concentration['O,]ss varied by a factor of about six with 1.16 x 101* M in Kii Channel to

7.3 x 10 M in Osaka bay. In addition, the chromophoric dissolved organic matter (CDOM)
absorption characteristic such as absorption co-efficient (aso0), spectra slope and carbon-
specific absorption were determined. A strong positive correlation between [*0.]ss and asoo
was obtained (r=0.93, P<0.001). This correlation was even stronger (r=0.998, P<0.001) within
Osaka bay samples. A linear equation between ['03]ss and CDOM concentration in Osaka bay

was derived. Predictions made using this equation were in good agreement with experimentally



obtained values suggesting that such equation may be a useful model for the estimation of

[*O;]ss in Seto Inland Sea based on CDOM data.

Chapter 4 reports the photogeneration of 0, and ‘OH and the optical characteristics of
selected rivers across Japan was investigated. The sampled rivers include Kurose river and Ohta
river in Hiroshima, Yamato river in Osaka and Kokubu river in Chiba prefecture. 10, was
determined using FFA as a probe while -OH was determined using benzene as a probe. The
CDOM absorption coefficient (aszo0) and spectra slope were also determined. The asp was
lowest in Ohta river ranging from 2.03 -3.13 m™. Yamato river ranged between 8.9 -13 m while
Kokubu river ranged between 9.6 — 11.4 m™*. The highest CDOM was observed in Kurose river
with values of 3.27-20.96 m™, 4.7 -22.43 m™ and 3.36 -18.52 m™' for samples obtained in August,
October and December respectively. The spectra slope calculated for the river water samples
were 16 — 18.2 um (Ohta river); 15.3 — 16.6 um™ (Yamato river); 13.1 - 15.9 um™ (Kokubu
river). In Kurose river, the values were 14.4 — 17.1 pm™ (August), 13.8 - 16.4 um (October),
11.6 - 16.2 um™ (December). For 'O, determination, the average values obtained for steady-
state concentration ['0;]ss and photoformation rate (R'0;) were: Kurose (9.64-20.5 x10714 M,
24.1-51.2 x10° M s1); Kokubu (12.4 x10** M, 31.2 x 10° M s!); Yamato (12.5 x 10'** M, 30.8 x
10° M s1); Ohta (4.24 x 101* M, 10.58 x 10°M s?). The average rate of ‘OH photoformation
(ROH) and steady-state concentration [‘OH]ss observed in the samples were 65.3 — 179 x 10*2
M st and 338 — 734 x 108 M in Kurose river; 26.82 x 1002 M s and 192 x 102 M in Ohta river,
232 x 102 M st and 1219 x 10 M in Yamato river; 528 x 102 M s and 1260 x 10® M in

Kokubu river which was the highest. This study demonstrated that the 'O, generation and -OH



varied by one order among the river samples. Also, the 10, and ‘OH generation in river water

samples were generally one order higher than in seawater.

In chapter 5, the influence of 10, and ‘OH on lipid peroxidation and fate of pollutants in natural
waters were investigated. Both ROS are capable of reacting with lipids to initiate lipid
peroxidation. The LHPs concentrations followed a trend similar to that observed for the
generation of ROS across the sampled stations. This suggests that both ROS may influence
peroxidation of lipids in natural waters but the more important ROS in this regard is not yet
clear. The influence of 0, and ‘OH on pollutants such as diazinon and methyl mercury in
natural waters were investigated. The reaction rate constants of diazinon with 'O, and ‘OH
were determined to be 7.29 x 10* M1 st and 1.01 x 10 M s? respectively. Calculated
degradation rate constants showed that degradation of diazinon in both seawater and river
water will be mediated by ‘OH. For methyl mercury, 0, is more important for its degradation in

seawater while ‘OH will mediate its degradation in river water.

In chapter 6, a simple, inexpensive set-up was assembled and applied to generate 10, in the gas
phase. A filter material typically employed in the air conditioner units was impregnated with
Rose Bengal (a 'O, photosensitizer) and irradiated in the presence of oxygen. FFA was used as a
substrate and its degradation was monitored. The degradation of FFA provided qualitative and
quantitative information about 0, from the treated filters. A minimum estimate of 1.18 nmole
s1 of 10, per cm? of filter was observed. The successful generation of 0, by this assembly
demonstrates that 'O, can be generated heterogeneously in the gas phase using simple,

inexpensive laboratory set-up without the need for sophisticated materials.



Finally, in Chapter 7, a general discussion and conclusions on the main findings was provided.

Recommendations for future works were also provided.
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