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Microbiological Studies on Shallow Marine Areas—IV
On the Liberation and Accumulation of Sulfides in Mud Sediment,

and Its Relation to the Formation of Anoxic Layer

Yuji Fujita, Tadataka TANIGUTI, Shoji 11ZUKA and Buhei ZENITANI

Abstract

The liberation and accumulation of sulfides in the mud sediment are discussed
on the basis of results of observation at Omura Bay in 1966 and 1957.

In the bottom sediments, the sulfate-reducing bacteria increase with the rising of
seawater temperature in summer, and play a major role in the production of sulfides.
In the earlier period, free hydrogen sulfides liberated by bacterial actions are bound
mainly with the iron which is present in the mud, and accumulated in bottom
sediments but they are sometimes suspended in the bottom water as iron sulfides
depending on the condition of seawater and bottom. In the Ilatter period, free
hydrogen sulfides, due to lack of available iron, either diffuse onto bottom water
or partially stay in the bottom sediments depending on the condition of the mud.
These tendencies seem remarkable in pear]l farm.

Judging from the above facts and the vertical observations, it seems that anoxic
layer formation in the central part of this bay is caused by abiological or biological
oxidation of sulfides diffused in the bottom water from mud sediments.
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Fig, 1 Variation in concentration of total sulfides in mud sediment.

A, The concentration of sulfides accumulated in mud sediments
observed in 1966,

B. The concentration of sulfides accumulated in the same
sample after having been bottled for 2 weeks 1t 30°C,

C. The differences between A and B ; the values over a zero
line mean the loss from mud sediments,
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Fig.2 Viable counts of sulfate-reducing bacteria from stations 1 and 3 in 1966
and 1967, showing their increase along with rise of seawater temperature
(one meter over bottom),
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Table 1 Variations in value of pH, Eh and concentrations of
organic acid in mud sediments,

pH Eh(mV) Organic acid
~— 0.01N NaOH
Date of St 1 St. 3 St. 1 St. 3 ml/10g dry

Sampling | Sea nug Sea nrol o 5101015 05 510 1015 | o
water water 2 2 - St. 1 St 3
1. 23 June '67 — 7.91 — 7,95 —153 — — —152 — — 2,70 1,91

2, 5July’67 | 8.3 7.91 8.3 811 —123 —161 —179 —84 —I121 —131| 2.69 2.80
3. 13 July '67 | 8.3 7.96 8.1 7.95| —{10 —122 —127 —116 —123 —127 | 3.89 3.10
4. 25 July ’67 | 8.3 7.92 7.9 8.10| —127 —120 —131 —110 —128 138 | 2.96 4.67
5. 9 Aug. ‘67 8.

~N
~J

.93 7.9 7.89) —129 —132 —129 -—-119 — — 2,43 2,43
6, 22 Aug. ’67

w
~

.99 7.9 8.18) —131 —142 -—141 —154 — — 3.17 2,06

7. 21 Sept. 67 7.95 7.4 8.09) —151 —161 —150 —179 —185 —185| 2,71 1,20

 »® »

4
8. 12 Oct. ’67 4 7.81 8.3 7.80, —137 —140 —142 —187 —196 —197

3]

.30 2,10

*Depth of mud core. --.cm
PH of seawater and that of mud were measured colorimetrically and electrometrically, respectively.
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Table 2 Variations in concentration of ionic Fe', total iron
and of total sulfides in mud sediments.

Date of Station 1 Statiqn 3
sampling Ionic* Total Fe/Total Sulfide-S Ionic Total Fe'/Total Sulfide-S

Fe- iron iron N\ Fe iron iron
1. 23 June '67 2.9 235.6 46.7 2.0 0.9 180.7 43,7 1.6
2. 5 July ’67 1.6 224,17 50.0 1.8 0.9 254.8 31.6 0.6
3. 13 July ’67 L1 204.3 49.5 2.2 1.1 2288 46.7 1.0
4. 25 July ’67 0.9 211.4 35.5 1.4 0.6 232.2 37.4 0.8
5. 9 Aug. 67 1.7 234.0 48.5 3.2 1.2 222.8 49.2 1.3
6. 22 Aug. '67 2.2 2245 38.5 1.9 1.0 253.1 35.0 1.6
7. 21 Sept. '67 2.7 238.0 51,7 4.6 1.2 240.8 44,0 1.2
8. 12 Oct. ’67 2.0 2242 43,5 2.8 1.5 255.3 50.0 1.8
Mean 1.9 224.5 45.5 2.5 1.0 222.3 42.2 1.2

Data expressed as mg/10g dry mud, except % of Fe'/Total iron.
*«Jonic iron” means the ferrous iron dissolved from muds by a procedure of determination,
as there is little or no true ionic iron in test mud ; detail in text.
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 Fig.3 Variations in concentration of total sulfides (solid line) and of ionic
iron (broken line) in mud sediment at stations 1 (solid circles)
and 3 (open circles)in 1967,
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Fig.4 Correlation of ionic iron (ferrous) to sulfide-S in mud sediment,
A. Fe(SH),, disulphydryl iron, Fe/2S=0, 96.
B. FeS or Fe(SH)(OH), hydrotroilite, Fe/S=1,74.
Solid circles ; station 1 (pearl farm), open circles ; station 3,
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Fig,5 Differences between muds of stations 1 and 3 in concentration
of ferrous ions dissolved at different pH, Data are the mean
value obtained from all samples and fexpressed in percentage
to ferrous ions at pH 1 of the sample of station 1.
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Fig. 6 Changes in concentration of total iron and of ferrous ions solubilized
at various pH (Station 1 : pearl farm). Ferrous iron was expressed
in percentage to the total iron, 1 : total ferrous ion; 2,3,4, and 5 :
ferrous ions produced at pH 1,2,3 and 4 respectively,
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Fig,7 A process of anoxic layer formation in central part of
Omura Bay, Thick lines and thin lines in A, B and
C are theoretical and observed values respectively,
A ; 4 Aug,, B; 12 Aug,, and C ; 19 Aug. 1967,
D ; Solid line - 4 Aug., broken line - 12 Aug., and dotted
line - 19 Aug. 1967.
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