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In this study, a technique for exploring organic ecotoxicants in sewage water was developed by coupling liquid
chromatography-high resolution mass spectrometry (LC/HRMS) with multivariable analysis (MVA). With the
developed technique, an unreported ecotoxicant in actual sewage-treatment-plant (STP) influents was successfully
identified.

Chapter 1 reviewed the three conventional methods to explore ecotoxicants: toxicity reduction evaluation (TRE),
toxicity identification evaluation (TIE), and effect-directed analysis (EDA). They were developed in the early 1980s
and implemented in Western countries. TRE/TIE utilized gas chromatography/low resolution mass spectrometry
(GC/LRMS) to explore ecotoxicants, so their applications to sewage water containing complex matrices have
difficulties by nature. EDA also utilized only GC/LRMS in its early stage of development, however, a recent
modification to the method adopted LC/HRMS as well and it became possible to detect a great number of candidate
ions. Although significant ions among them must be determined to explore major ecotoxicants in samples, such a
methodology has not yet been established. Thus, the objective of this study was to develop a technique for exploring
organic ecotoxicants in sewage water by coupling LC/HRMS with MVA.

Chapter 2 demonstrated the applicability of a non-targeted mass spectrometric analysis in a negative ionization
mode. From three different STPs, three effluent samples were collected, and five known ecotoxicants were added to
the samples to simulate toxic STP effluent samples. The non-targeted screening of the simulated samples was
conducted using LC/HRMS. Whole effluent toxicity (WET) tests were conducted by using Raphidocelis subcapitata
as the test organism. Relationships between the peak volumes of detected components and the samples’ toxicities
were analyzed by orthogonal projections to latent structure analysis-regression analysis (OPLS-RA), correlation
analysis, and multiple regression analysis. An ion of m/z 286.9432 was found as a possible monoisotopic ion of one
of the added toxicants. Its molecular formula was determined by its accurate mass and natural isotopic pattern.
Searching the determined molecular formula in an advanced mass spectral database suggested that the found
toxicant was triclosan, an antibacterial and antifungal agent. It was identified as triclosan by a co-chromatography
using a reference standard reagent. Because triclosan was the dominant toxicant among the added five, the
applicability of the developed method was successfully demonstrated.

Chapter 3 demonstrated the applicability of a non-targeted mass spectrometric analysis in a positive ionization
mode that was not examined in Chapter 2; an analyte ionized in this mode is likely to produce several adduct ions of
alkali metals, and therefore exploration of unknown toxicants will be formidable. From three different STPs, three
effluent samples were collected, and three known ecotoxicants were added to simulate toxic STP effluent samples.
The non-targeted screening of the simulated samples was conducted using LC/HRMS. Relationships between the
peak volumes of detected components and the samples’ toxicities were analyzed by OPLS-RA, correlation analysis
and multiple regression analysis. These analyses suggested that the major ecotoxicant was a surfactant because its
eleven homologues had been detected in the samples. Structural elucidation of a representative ion of the homologues



was conducted by database matching and it was identified to be N,N-dimethyldodecylamine=N-oxide (DDAO). The
toxicity contributions of DDAO to the simulated samples were outstanding compared with the other added
ecotoxicants. Thus, we concluded that the applicability of the developed method in the positive ionization mode was
successfully demonstrated.

Chapter 4 explored significantly ecotoxic compounds in the STP influents collected from 17 different STPs; it was
performed with a targeted screening by using GC/LRMS. In this screening, both a result of column retention time
matching and that of mass spectrum matching were used as the criteria to identify a compound. Identified ecotoxicants
were tentatively quantified by GC/LRMS and their ecological risks were subsequently examined. Two surfactants
showed apparent risks, hence their concentrations were further determined to confirm them. Algal growth inhibition
tests of the STP influents were conducted using Raphidocelis subcapitata as the test organism. More than 90% of the
inhibition of each sample was accounted for by the determined two surfactants concentrations. This is the first repot of
the surfactant detection in sewage waters to the best of our knowledge.

Chapter 5 explored an unknown ecotoxic compound in STP influents collected from five different STPs; it was
performed with the non-targeted screening developed in Chapters 2 and 3. The screening revealed five candidates
whose Pearson’s correlation coefficients were equal to or greater than 0.9. The structural elucidation of one of the
candidates with multistage mass spectrometry suggested that it was an amphoteric surfactant. Co-chromatography was
conducted with reference chemical reagent of the amphoteric surfactant. The candidate’s column retention time in an
actual STP sample the reference standard reagent were in good agreement with each other, and the same could be said
for its mass spectra. Therefore, it was successfully identified as the amphoteric surfactant. The maximum
concentration of the amphoteric surfactant in these STP influents was determined as 0.0391 mg/L. The algal growth
inhibition test of the amphoteric surfactant was performed because such a study has not yet been published; its
72h-NOEC was determined as 3.9 mg/L. Its margin of exposure (MOE) was calculated to be 100, indicating that
further ecotoxicological risk assessment is needed.

Chapter 6 summarized the results of this study.



