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Abstract

Abstract

Recent approaches indicated that the environmental behavior and biological
function as well as physicochemical property of an element depend mainly on the
kind of its existing species. Hyphenated techniques combining a continuing separation
technigue and an element-selective and/or a structure-specific detector play an
important role in elemental speciation analysis. Among these, effectively bridging
both of separation and detection is a crucia for achieving a successful job. Chemical
vapor generation as an effective sample introduction method in atomic spectrometry
was used frequently for the determination of vapor generable elements, for example,
traditional KBH4/KOH-HCI system, but some drawbacks should be aso noted that (1)
KBH,4 is very unstable and also a potential source of contamination, it must be
prepared daily in akaline solution; (2) susceptibility to interferences from common
transition metals; (3) large amount of hydrogen generated during the decomposition
of KBH,4 reduces the stability of the plasma or even extinguishes the plasma; (4)
difficult to convert the species of an element existing in high oxidation state or as
organic complex into volatile species. It is necessary to develop new vapor generation
systems and overcomie the disadvantages mentioned above.

Mercury is ubiquitous in the environment and thus a most extensively studied
element because of its extreme toxicity, especially in its organic form. In this thesis,
new photocatalytical reduction systems have been developed and the corresponding
devices were designed to be used as interfaces between high performance liquid
chromatography (HPLC) and atomic fluorescence spectrometry (AFS) for Hg
speciation analysis. The established methods were successfully applied to the
determination of Hg speciesin environmental and biological samples.

This main contributions of this thesis are that i) fabricating a novel UV/TiO,
photocatalysis reduction device (UV/TiO, PCRD) by modifying nano TiO; film onto
a glass fibre. Hg species were reduced into the so-called cold vapor by the free

electrons (€) generated on the surface of the TiO, when it was irradiated by UV and a
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hole (h") scavenger was used. It was used as an interface between HPLC and AFS for
Hg speciation in environmental and biological samples. ii) developing a new
photocatalytical reduction system based on mercaptoethanol radical mechanism under
UV irradiation for Hg determination and speciation analysis by AFS and HPLC-AFS.
Thisthesis consists of 4 chapters as below:

In Chapter One, the abundance and existing species of Hg in the environment as
well as its toxicity was briefly introduced; the current status of Hg determination and
speciation has been reviewed briefly including the sample pretreatment, separation
and detection techniques and the interface between them as well. Research proposal
was thus made for this thesis, aiming to develop new photocatalytical reduction
systems as on-line interfaces to couple HPLC and AFS for Hg determination and
speciation including UV/TiO,-PCRD and UV/ME systems.

In Chapter Two, an introduction to nano TiO, photocatalysis has been presented,
and then TiO, photocatalytical reduction system for Hg species was developed firstly;
the possible mechanism was discussed. The UV/TiO, PCRD was used as an interface
between ion-pair HPLC and AFS for the four common Hg species including inorganic
mercury (Hg?"), methyl mercury chloride (MMC), ethyl mercury chloride (EMC) and
phenyl mercury chloride (PMC). We aso optimized the reaction temperature of nano
TiO, film preparation, pH of the sol, the temperature of the calcination and adopted
hydrothermal treatment to clean up the cracks of the film. Furthermore, BCR certified
reference materials (BCR 463 tuna fish and BCR 580 estuarine sediment) was used to
validate this new method, and it was finally applied to the speciation of Hg speciesin
real shell fish samples collected around Xiamen Island and lake sediment sampled on
Xiamen Island.

In Chapter Three, a new vapor generation system for Hg species was devel oped
and used as a sample introduction unit before AFS determination. It was validated by
the BCR CRMs and applied to the determination of total Hg and methyl Hg in
seafood and sediment samples collected around and/or on Xiamen Island. Moreover,
the possible photocatalytical reduction mechanism of UV/ME to Hg was studied and
proposed based on the evidences from FT-IR and GC-M S experiments, being that the
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photocatalytical reduction follows free radical mechanism.
In Chapter Four, a summary of this thesis was concluded and the developing

trend was also discussed.

Keywords: HPLC-AFS; nano TiO,; mercury species; mercaptoethanol
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