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Microbial Activities in the Development of Reducing Conditions
in Marine Sediments (Preliminary Report) *
By
Yoshihiko HaTa

In the previous papers the author and his co-workers have discussed the factors
affecting the distribution and the activity of sulfate-reducing bacteria in marine sed-
iments, on the basis of various ecological data obtained by the microbiological survey
of marine environments. In these papers they have also reported some physiological
characters of the pure cultures of sulfate-reducing bacteria isolated from marine mate-
rials.

The data obtained from the ecological survey, however, seemed to show only a
limited profile of complicated changes which take place in these environments, and
the results obtained by pure culture studies did not always express the behavior of
these organisms in the natural environments.

Accordingly, the author attempted in the present work to investigate the factors
affecting sulfide formation in marine sediment samples under controlled conditions in
the laboratory. The aim of this work is to elucidate the detailes of mechanism of
sulfide formation by sulfate-reducing bacteria in relation to the activities of other
microorganisms which might be responsible for stimulating the development of reducing
conditions in marine environments.

The experimental methods employed in this work were as follows :

Air-dried materials of the bottom mud which were collected from Shimonoseki
fishing harbor were added with sea water and then incubated in the dark under
various conditions as shown in Table 1. To examine the effect of organic matter on the
development of reducing conditions some samples were additionally supplemented with
cellulose powder and minced fish muscle. All samples were inoculated prior to incu-
bation with small amounts of the fresh sediments which were collected from the
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Shimonoseki coasts.
Determinations of Eh, pH, the amounts of acid soluble ferrous and ferric ironms,
ionic ferrous iron (ferrous iron which was directly determined without acid treatment),
sulfides, and the population of bacteria in these sediment samples were carried out
at intervals of a definite time.
The results obtained are shown in Figs. [-13, and may be summarized as follows :
(1) In any sample, the rapid drop of Eh, the prompt reduction of ferric iron, the
rapid fall followed by the slow rise of pH, the vigorous formation of sulfides,
and the abundant growth of sulfate reducers as well as aercbes were observed
during the course of incubation. Although no essential differences in patterns of
changes of the above factors were found among the samples tested, the rate and the
amount of changes in these factors were larger in the samples supplemented with
organic matter than the others. And the changes detected with the samples which
were incubated at room temperature under aerobic condition were generally smaller
than those with the samples incubated anaerobically at 30°C. These results suggest
that the activities of microorganisms participating in the development of reducing
conditions in marine sediments are accelerated by high organic content, high
incubation temperature and low oxygen tention of the environments.

(2) In the course of changes which were taking place in the sediments the following
steps were often observed :
i) The vigorous growth of aerobes accompanied with rapid falls of Eh and pH
occurred at the early stage of incubation. The reduction of ferric iron also took
place in this stage.
ii) In the second step the number of aerobes (including facultative anaerobes)
reached the maximum value. The falls of Eh and pH, and the reduction of ferric
iron were increasingly accelerated. At this stage sulfate-reducing bacteria began to
develop vigorously. The anaerobic environments which were created by aerobes
seemed to enable sulfate reducers to initiate the growth.
iii)  In the next step sulfate reducers showed the maximum counts and the re-
duction of ferric iron ceased almost completely.
iv) At the final stage sulfate-reducing activity exhibited the maximum value,

and the sulfides were accumulated in very high concentration.
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Table 1. Preparations of sediment samples.

Sample A : After the addition cf 500 g of air-dried mud, a cistern was filled with 3 [ of sea water

and then incubated at room temperature (28—33°C).

Sample B :  Air-dried mud which was supplemented with cellulose powder and minced fish muscle in

concentration of | % respectively was incubated in the same way as the above.

SampleC :  Air-dried mud which was prepared in the same manner as sample B was incubated at room

temperature under the continuous supply of sea water.

SampleD : A syringe of 100 m/ capacity was employed as the container of sediment samples to be
tested. Twelve gram of air-dried mud, a small amount of the same organic matter as in
semple B and 100 ml of sea water were poured into the syringe, and mixed together. Then

the syringe was sealed tightly and incubated at 30°C.
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* Peptone 5.0 g, Ferric phosphate 0.1g, Agar 15.0g, Aged sea water 1,000 ml, pH7.5.
% Ca-lactate 3.5g, Beef extract 1.0g, Peptone 2.0g, MgSOy - 7H,0 0.2g, K,HPO, 0.25,
FeSO, - 7H,0 0.2 g, Agar 3.0g, Aged sea water 1,000 mi, pH7.5,
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Fig. 2. Changes of Eh and pH in sample B.
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