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Biological indicators have received much attention for the assessment of soundness of aquatic environment under the goal of
creating and conserving healthy aquatic ecosystem and healthy water circulation system. In particular, microorganisms, which
play a pivotal role in the cycling of elements/materials and breaking down various environmental pollutants, would be greatly
helpful to understand and assess the soundness of aquatic environment. Therefore, to establish the method to assess the soundness
of aquatic environment based on microbial indicators, this study characterized the fate of (i) total bacterial community, (ii)
specific functional bacteria and (iii) pathogenic bacteria using a DNA microarray technique. Monitoring against surface water
samples collected seasonally from Yodo River and Kita River revealed that all of total bacterial community, specific functional
bacteria and pathogenic bacteria were affected primarily by seasonal variation. In addition, they were individually influenced by
non-seasonal factors such as inflow of effluent from wastewater treatment plants (WWTPs), backflow of seawater and retention
of water in dam lake. Results obtained in this study suggested that microbial indicators targeted in this study can be applied to
evaluate the soundness of aquatic environments. Finally, based on the knowledge obtained in this study, the scheme for
evaluating the soundness of aquatic environment based on microbial indicators was proposed.

This thesis is compiled up of six chapters and a brief description on each chapter is explained as below.

In Chapter 1, General Introduction was given with the purpose of this study to establish the method to evaluate the
soundness of aquatic environment based on microbial indicators by applying DNA microarray technique.

Chapter 2 provided the details on river water samples analyzed and physicochemical tests and DNA micr;)array analyses
performed in this study. A total of 24 surface water samples were collected seasonally from four stations in Yodo River and two
stations in Kita River. For DNA microarray analyses, three different types of DNA microarrays, (1) eubacterial microarray
targeting 1016 eubacterial species commonly present in the environment, (2) functional gene microarray targeting 33 bacterial
functional genes (85 probes) related to carbon cycle, chemical degradation, nitrogen cycle, sulfur cycle, metal metabolism, and
energy flow and (3) pathogen microarray targeting 1012 bacterial pathogens infectious to humans, animals, plants, fish and
shellfish, were used in the experiments.

In chapter 3, total bacterial community in river water samples was analyzed using a eubacterial microarray. It was revealed
that seasonal variables most strongly affected the diversity and composition of bacterial community in river water, as reported in
previous studies. In particular, the number of bacterial species in winter was quite low as compared with that in the other seasons.
In addition, the diversity of bacterial community in river water was influenced by the inflow of WWTP effluent and backflow of
seawater. These results suggested that the overall bacterial diversity can be expressed as a function of seasonal factors,
geographical features and river management factors for the use in the assessment of soundness of aquatic environment.

In Chapter 4, seasonal occurrence and distribution of the bacterial functional genes in river water sémples were analyzed
using a functional gene microarray. It was suggested that the presence of functional genes was greatly influenced by the seasonal
variation. In particular, the most diverse functional genes were detected in summer. Further, it was revealed that the number of
functional genes decreased by water retention in a dam lake, and increased by receiving WWTP effluent. Results obtained here
suggested that 33 functional genes are classified in three groups according to their detection frequency: (A) universally present
genes; (B) genes specifically present under certain geographical and seasonal conditions; and (C) genes that are not present. It
was suggested that the functional genes classified in the group (B) may be useful as indicators for assessing the soundness of the
environment.

Chapter 5 described the occurrence of bacterial pathogens in river water samples. A total of 87 pathogens including 21
biosafety level (BSL) 2 pathogens were detected in the samples, and more than half of them were present commonly in Yodo
River and Kita River. There was a strong influence of seasonal variation in the occurrence of bacterial pathogens. In addition, the
number of bacterial pathogens appeared to increase by the WWTP effluent load and backflow of seawater at the river mouth.
Comparison of the relative abundance of each pathogenic bacteria in DNA microarray analysis and total coliform count, a
traditional hygienic indicator showed that some fecal and non-fecal pathogenic bacteria do not show a positive correlation with
the coliform count, suggesting that the traditional hygienic indicators needs to be updated to comprehensively determine the
health risks associated with contamination of river water by pathogenic bacteria.

In Chapter 6, knowledge obtained in chapter 3 to 5 were briefly presented. From the results obtained in this study, it was
concluded that the soundness of aquatic environment can be evaluated based on bacterial diversity and various bacterial functions.
Therefore, the scheme for evaluating the soundness of aquatic environment based on the total bacterial diversity, bacterial
functions belonging to group (B) (genes specifically present under certain conditions) and hygienic safety was proposed. By
applying the scheme, assessment of the environmental soundness from various viewpoints can be accomplished.
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