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Water is one of the most essential resources in the world not only for humans but
also for all other living creatures. Therefore, protecting and monitoring an adequate
supply of clean water has been one of the essential factors in the development of society.
Currently, the increase in population has put more pressure on limited surface water
resources, and the contamination of water with agriculture and industrial waste has led to
the degradation of water quality in many other sources. From the general view,
contaminated water will have affected us not only when we are drinking directly but also
during our connection with the ecosystem. Because most pollutants can easily dissolve in
water, contamination is carried by organisms living in water, which results in indirect
impacts on humans through the food chain. Therefore, the monitoring process of water
quality is of practical significance since it provides strong evidence to support decision
making on health and environmental issues.

Among the various parameters that are strongly connected to the water quality,
dissolved oxygen and ammonia were considered the most important constituents.
Dissolved oxygen (DO) is generally considered one of the key factors for a healthy
aqueous environment. The concentration of oxygen in water contributes not only to the
respiration activities of aquatic organisms but also to the decomposition of organic matter,
which contributes a huge impact on many activities related to aquaculture and water
treatment. There are three well-known methods to measure the oxygen content in water:
the Winkler chemical method, an electrochemical sensor, and an optical sensor. In general,
the Winkler method based on the iodometric titration technique is widely used with high
reliability in the laboratory environments. However, the titration process of the Winkler
method 1s time-consuming and only suitable for separate measurements. The
electrochemical sensor can quickly measure DO by quantifying the diffusion current
generated upon the reduction of oxygen in an electrode. Despite its simplicity, the
electrochemical sensor requires frequent maintenance, and its analysis process may
consume oxygen in the sample. The optical sensor is a stable and reliable method to
monitor DO in real time. The principle is based on the quenching of oxygen to the



fluorescence signal, which is highly steady and resistant to interferences. With
outstanding performance, optical sensors are usually commercialized at high cost. While
the Winkler method is a chemical approach, the latter 2 methods are based on the physical
process. Physical methods are simple but always require correct calibrations and constant
attention to whether the measurement is correct. On the other hand, the measured results
based on a chemical reaction are more reliable under various conditions of water samples,
including some conditions where it is difficult to measure with physical methods (e.g.,
unknown salinity and high-water temperature). Therefore, in this study, we developed an
easier, cheaper chemical method for DO measurement but still provided the same
accuracy compared to the Winkler method.

In addition, ammonia is present naturally throughout the environment in the air,
soil, water and in plants and animals, including humans. Ammonia decreases the
biodiversity of terrestrial and aquatic ecosystems (increases nitrogenous oxygen demand,
eutrophication, and changes in fish health) and forms aerosols in the atmosphere, which
can cause human health complications if inhaled (asthma, lung cancer, cardiovascular
issues). Generally, the two common methods for quantitative analysis of ammonia
nitrogen in natural water are the indophenol blue (IPB) spectrophotometric method and
o-phthalaldehyde (OPA) fluorometric method. The IPB spectrophotometric method has a
good detection range and detection limit, which can be applicable to a variety of real
water samples. However, the use of toxic phenols is one of the main concerns. The OPA
fluorometric method has many merits, such as good selectivity and a low detection limit.
However, the water sample was needed to be diluted several times to fit the linear range
of the method, which reducing the accuracy during the dilution process. Recently,
chemiluminescence (CL) approaches have received great attention in environmental
analytical chemistry due to the high sensitivity and simplicity of the apparatus. Based on
the lack of background signals, CL detection provides a fast response with a wide
dynamic range and can be used for continuous application. Therefore, in this study, we
developed an inexpensive CL measurement method that can be used continuously at water
quality control sites.

In this thesis, a new photometric method to determine DO and a CL system to
simultaneously determine ammonia and humic acid in water were described. This thesis
consists of five chapters.

In chapter 1, the general concepts of DO, ammonia, and their connection to the
water environment are discussed. For each constituent, an introduction to some general
analysis method was presented.

In chapter 2, the photometric method to measure molecular oxygen in water is
described. This method was developed based on the coacervate reaction of manganese
with polyphosphate to form a soluble/measurable Mn(IIl). When manganese(Il) is
oxidized by oxygen under alkaline conditions, the presence of polyphosphate can prevent
precipitation due to a coacervate reaction. The oxidized manganese later dissolves in acid
to form a pink Mn(III) species, which has a stable UV/vis spectrum. From this reaction,
a continuous flow system with pumps, an ultrasound cleaner and a UV-vis
spectrophotometer was set up to monitor the oxygen concentration based on the
absorbance of the pink Mn(III) species at 517 nm. The obtained results showed a strong



correlation with both the Winkler method and the optical sensor. In addition, the present
method can measure not only DO but also ultrafine bubble oxygen in a water sample with
high reliability (0 - 26 mg dm>, * = 0.9995). During this process, no significant
interference from nitrite or metal ions was observed. The accuracy of the measurement
was steady at high temperatures of the water samples.

In chapter 3, an optimization of the procedure for determining DO in surface water
and seawater exploiting the UV-vis absorption of Mn(III) species is described. To make
the measurement process more convenient for any researcher, we developed a manual
analytical procedure based on the quantification of Mn(III) absorption. The operation
equipment only requires a biochemical oxygen demand bottle, a magnetic stirrer
(optional), and a UV-vis spectrophotometer. In addition, each measurement step was
optimized to quickly obtain stable Mn(III) absorbance. The optimized reagents and their
mixing procedure were presented in the order of (NaPOs3)s, NaOH, MnSOs, and H>SOq.
Based on this optimized procedure, the calibration study showed significant accuracy in
measuring different oxygen concentrations. Compared to the Winkler method, the
proposed procedure had the same accuracy (#* = 0.9992 at 0 - 52 mg dm™), which
overcome the detection limit (26 mg dm™) of the previous flow system. No significant
interferences from metals or organic compounds were observed. In addition, practical
application in seawater has been achieved with a detailed explanation of the sources of
interference. The applicability to the small volume of water sample showed the possibility
of reducing the amount of wastewater in each measurement. This procedure can be used
to determine the oxygen concentrations accurately and quickly in different natural water
sources, including seawater.

In chapter 4, the simultaneous determination of ammonia and humic acid in
natural water by CL with hypobromites is described. Since ammonia reacts with
hypobromite ions to emit CL, this signal can be enhanced under the synergistic effect of
humic acid. Exploiting this result, we designed a continuous flow system to separately
measure and calculate the concentrations of ammonia and humic acid in water. The
mechanism of each CL reaction was discussed in detail. Furthermore, the detection limit
and the effect of interferences were investigated. By using humic acid, the sensitivity to
detect ammonia was greatly improved. Hence, the detection limits for ammonia and
humic acid were found to be 0.41 umol dm™ and 1.1 ppb, respectively. In this method,
ammonia can be measured without any interference because few compounds permeate
the Teflon membrane used under alkaline conditions. Some compounds might interfere
with the measurement of humic acid, but they did not show large interferences in most
cases. As a result, the proposed method was applied to the measurement of natural water,
and the obtained results were consistent with those obtained by ion chromatography for
ammonia and another reported CL method using N-bromosuccinimide for humic acid.

In chapter 5, the conclusion of this thesis is summarized, and some promising
aspects for future research are discussed.
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