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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Exploration and Structural Elucidation of the Causative Substance of Fishy Smell in Raw Water for Taps
Using the Combination of High Resolution Mass Spectrometry and Multivariate Analysis
Name: Shinfuku Yuta

This thesis mainly comprises seven chapters. The causative substance of fishy smell in raw water for taps
was explored by adopting the combination of high resolution mass spectrometry and multivariate analysis.

Chapter 1 discusses the status quo of fishy smell and current Japanese legal system regarding tap water
quality control. Despite numerous effort, the causative substance of fishy smell in tap water still remains
unclear. Thanks to its great sensitivity and selectivity, Mass spectrometry (MS) is the most promising
technique to analyze environmental samples. Therefore, a non-targeted MS analysis was focused on to
overcome this problem.

Chapter 2 describes a development of a selective purification method for samples derivatized with 2,4-
dinitrophenylhydrazine (DNPH). Solid phase extraction (SPE) proved effective to remove unreacted
DNPH, while recovering a DNPH derivative; both DNPH removal and DNPH derivative recovery
exceeded 90%. While a weak cation exchange column was used in this SPE purification, the way how it
worked for purification was unclear. Therefore, a quantum chemistry calculation based on density
functional theory (DFT) was also performed, suggesting that the complexation between the DNPH
derivative and the resin of solid phase is stabler than that between DNPH and the resin by ca. 11 kJ/mol.
The phenyl rings of the DNPH derivative and the resin possibly formed =-n stacking, which made the
complexation energetically favorable.

Chapter 3 presents the exploration of the causative substance of fishy smell using the combination of
liquid chromatography mass spectrometry (LC/MS) and MVA. Raw water samples collected in Kansai
Region, Japan, and the culture media of Uroglena americana, an algae notorious for fishy odor
occurrence, were derivatized with DNPH and analyzed using LC/MS. Differential analysis and interval
orthogonal projection to latent structure regression analysis (iIOPLS) were employed to narrow down the
number of possible candidates of the causative substance. As a result, an ion whose m/z value was
403.1625 was chosen as a candidate. Its accurate mass and natural isotopic pattern indicated that its
molecular formula before DNPH derivatization was C13H2003 (hereafter this substance is referred to as
FX).

In Chapter 4, GC-olfactometry (GC-O) analysis of FX was conducted to confirm if it has a detectable
odor. First, it was analyzed using GC/MS to determine its retention time in GC (atmospheric chemical
ionization was adopted in this analysis). Its molecular related ion was detected as [M-H2O+H]" at the
retention time of 10.5 min. Following GC/MS analysis, GC-O analysis of three different raw water
samples were carried out. The odor of these three samples were evaluated by three different panelists.
Every panelist detected odor at 10.1-10.6 min, which implies that FX has odor. However, every panelist



evaluated its odor in different expressions, making it difficult to determine its type of odor.

Chapter 5 presents a partial structural elucidation of FX using LC-MS/MS and GC-MS. Unlike the
previous chapter, GC-EI-MS analysis was conducted followed by the determination of the retention time
of FX using field ionization (FI). In this chapter, the opened-shell GFRs and the closed-shell GFRs were
utilized depending on the type of ionization methods. Three different neutral losses observed in LC-
MS/MS analysis suggested that FX contains a cyclohexenone substituted with a methoxy group. Three
product ions observed in GC/MS analysis suggested that FX contains a methoxy group and a terminal
ketone, whose lateral chain is saturated hydrocarbon (propyl or butyl). Considering these results, 14
possible structures of FX were proposed.

Chapter 6 describes the future development of this research.

In Chapter 7, the results of this study were summarized.



