BRSO E L HEY I BT 2 O HE R
JH = =

Microbial Production of Sulfides in
Marine and Estuarine Sediments
By

Yoshihiko HaTtA

In the bottom sediments of coastal and estuarine regions of the sea, hydrogen sulfide and
metallic sulfides are often found in abnormally high concentrantions. It is well known that
such sulfides cause serious damages to the animals and plants inhabiting these environments. It
is generally believed that the sulfides occurring in the sea result chiefly from the microbial
reduction of sulfate in sea water, though a part of them may be produced by the microbial
decomposition of some albuminous compounds.

In the former papers the writer and his co-workers have discussed the various environmental
conditions affecting the distribution and sulfide-producing activity of sulfate-reducing bacteria,
on the basis of the date of ecological observations conducted in several coastal and estuarine
regions. In these papers they have also dealt in detail with the influences of various factors
on the growth and activity of the pure cultures of sulfate reducers isolated from such regions.
The data obtained from the ecological survey, however, seem to show only a limited profile of
the processes of the changes which are taking place in nature, and the results obtained by the
pure culture studies are presumed not always to explain the behavior of these microorganisms
in complicated natural environments.

Accordingly, to investigate more detales of the mechanism of sulfide production in the
sediments the writer attempted in the present study to carry out the experiments on the physio-
logical activities of sulfate reducers, in relation to the activities of other microorganisms, in
the sediment samples under artificially controlled conditions.

A brief of the methods employed in these experiments is as follows:

The hottom mud obtained at Shimonoseki fishing harbor was air-dried and pulverized fine
enough to pass through a 20 mesh sieve. Twelve grams of this air-dried mud was added with
100 ml of sea water and various supplements such as corganic matters or metallic compounds
and then incubated at 30°C (except in an experiment on the efiect of temperature) in the dark
under anaerobic condition, using a large injector or test tube having about 110 ml capacity.
These sediment samples were inoculated prior to incubation with small amounts of the sediments

which were freshly taken from the Shimonoseki coasts. At suitable intervals the amount of
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sulfides and the population of sulfate-reducing bacteria in these sediment samples were deter-
mined. Eh, pH, the amounts of acid soluble ferrous and ferric irons, ionic ferrous iron
(ferrous iron which was directly detectable without acid treatment) , organic acids and gases,
and the numbers of general aerobes and anaerobes were also determined at the same time. For
the enumeration of bacterial cells the media having the compositions given in table 1 were

employed.

1. The participation of microbes in the development of reducing conditions in bottom sediments

With the aim of elucidating the mechanism of the participation of microorganisms in the
development of reducing conditions in bottom sediments, the various microbial activities were
investigated in the sediment samples supplemented with cellulose powder (300 meshes) and
minced fish meat (a house-mackerel) in concentration of 1% each in the dry materials.

The results obtained are shown in figures 1to 6, and the following steps were distinguished
in the course of microbial processes which were taking place in the sediments:

(1) At the early stage of the incubation occurs the vigorous growth of aerobes which is
accompanied with the rapid consumption of oxygen and prompt fall in E4. The reduction of
ferric iron also takes place at this stage.

(2> At the second stage the population of aerobes including facultative anaercbes reach the
maximum level. The drop in Ek and pH, and the reduction of ferric iron are increasingly
accelerated, and the decomposition of organic matter results in the formation of organic acids
and carbon dioxide. At this stage sulfate reducers begin to grow vigorously; the growth of
sulfate reducers commences after the establishment of anaerobic conditions which are created
chiefly by the activity of aerohes.

(3) At the next stage the fall of E4 and the reduction of ferric iron cease almost completly and
the anaerobic decomposition of organic matter flourishes. Despite reaching the maximum
growth period of sulfate reducers, the sulfide production is not so vigorous at this stage.

(4) At the final stage obligate anaerobes including sulfate reducers exhibit intense activity and
sulfides are accumulated in very high concentrations. The active metabolism of organic acids
and that of gases proceed, and the decrease of carbon dioxide is followed by methane for-

mation at the final period.

2. Influence of femperature on sulfide production in botfom sediments

Air-dried materials of marine bottom mud added with organic matters (cellulose powder
and minced fish meat in 1 % each) and sea water were incubated at 15, 22 and 30°C under
anaerobic conditions, and the growth and metabolism of microorganisms in them were traced.
The results obtained are illustrated in figures 7 to 11 and may be summarized as follows:

(1) The growth of microorganisms and the fall in E% and pH, the reduction of ferric iron,
and sulfide production were accelerated by the raising of temperature, in the range from 15
to 30°C.

(2) The development of sulfate reducers and sulfide production were more remarkably atfected

by temperature, as compared with other microbial activities.
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3. Influence of salinity on sulfide production in bottom sediments

Air-dried maierials of marine bottom mud and paddy soil were mixed in equal volume and
were enriched with organic matters (cellulose powder and minced fish meat in 1 % each) .
This mixture was added with sea water having the full, the half or a tenth strength as given in
table 2, and the sulfide production and other physiological activities of microorganisms in them
were investigated during’the incubation at 30°C under anaerobic condition.

The results obtained are illustrated in figures 12 to 23, and may he summarized as follows:
(1) The growth of microorganisms, especially of sulfate reducers, was markedly affected by

the strength of sea water, in the case of anyone of marine types and fresh-water types.
However, the total population of them including both types was almost similar regardless of
the salinity of water.

{2) The amount of sulfides accumulated was hardly influenced by the salinity of water,
though the greater the salinity of water the greater the rate of sulfide production at the
earlier stages.

From these results it seems that in estuarine regions the total population of sulfate
reducers is not limited by the salinity of water, or the sulfide production is hardly supressed
by the salinity, at least within the range of the full to a tenth sirength of normal sea water.

(3) The formation of acetic acid, carbon dioxide and methane was prompted by reducing the
salinity of water, while the patterns of the fall in Eh and pH and the reduction of ferric iron

hardly varied with the salinity.
4, influence of quality of added organic matiers on sulfide production in bottom sedimenis

The sulfide production and other microbial activities in the sediment samples which were
added either with cellulose powder or with minced fish meat in concentration of 2 % in the dry
materials, were traced during the incubation at 30°C under anaerobic condition.

The results obtained are given in figures 25 to 33, and may be summarized as follows:
(1) By the addition of fish meat the growth and sulfide-producing activity of sulfate reducers

were markedly accelerated in the earlier period of incubation. By the addition of fish meat
the growth and sulfide-producing activity of sulfate reducers were markedly accelerated in the
earlier period of incubation. By the addition of cellulose powder, on the other hand, their
growth and activity were retarded in the earlier period but were remarkably activated in the
later period.

These results may prove the difference between these organic substances in the decompo-
sability or availability, and suggest that not only easily decomposable organic matter but
also some refractory substances such as cellulose may play important roles in the sulfide
production in natural bottom szediments.

{2) No significant difference between these samples in the lowering of Ek and the reduction
of ferric iron was observed. However, there was considerable difference between them in
the metabolism 0of organic acids and gases; with the addition of celiulose the accumulation of

some acids and carbon dioxide was accelerated after the middle period of incubation, whereas
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with the addition of fish meat the production of some acids seemed to be active in a relatively
earlier period.
These results may reflect the difference between these organic matters in the rate of

decomposition.

5. Influence of organic contents on sulfide production in bottom sediments

Air-dried materials of marine mud were added with cellulose powder and/or minced fish
meat in different concentrations as shown in table 3, and with sea water. These sediment
samples were incubated at 30°C under anaerobic condition, and the sulfide production and other
microbial activities in them were traced.

The results obtained are given in figures 34 to 40, and may be summarized as follows:
(1) The growth of aerobes accompanied with the fall in £k and pH was somewhat promoted

by the increase of organic contents.
(2) The growth of sulfate reducers and sulfide production were strikingly stimulated by
raising the contents of organic matter, not only with fish meat but also with cellulose.

These results suggest that in marine and estuarine sediments the sulfide production may
be limited primarily by the supply of available organic matter for sulfate reducers, and the
organic substances utilized by these bacteria may be relatively easily provided even by some
vefractory substances such as cellulose brought on the sediments, through the action of a

variety of organisms co-existent.

é. Influence of iron and manganese on sulfide production in bottom sediments

The sulfide production and other microbial activities in the sediment samples added with
iron and manganese in various concentrations (as given in table 4) together with organic matters
were investigated during the course of incubation at 30°C under anaerobic condition. In this
experiment a fine mud (No. 1) having a composition of particle size as show in table 5 was
employed as the basal mud.

The results obtained are given in figures 41 to 60, and may be summarized as follows:

(1) Although the growth of suifate reducers was not practically affected by the concentration
of manganese nor of iron, the sulfide production was remarkably inhibited by the increase of
manganese contents, but not by iron contents.

(2) The fall in E# and pH, and the reduction of ferric iron were retarded by manganese to
some extent.

(3) Free hydrogen sulfide was not detected in the bottom sediments nor in the overlying

water.

7. Influence of parficle size on the sulfide production in bottom sediments

A coarse mud (No. 2) having a composition of particle size as shown in table 6 was added

with iron in different concentrations, as given in table 5, and with organic matter (cellulose
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powder and minced fish meat in 1 % each) and sea water.

Sulfide production and other microbial activities were traced in these sediment samples.
during the course of incubation at 30°C under anaerobic condition.  The results obtained are
illustrated in figures 61 to 67.

The influence of particle size on sulfide production and the liberation of free hydrogen
sulfide was discussed in connection with the iron contents, by comparing the results obtained
this experiment with those in the preceding section. The results may be summarized as
n follows:

(1) No appreciable difference between fine and coarse particles was noticed in the growth and
activity of sulfate reducers as well as of general aerobes.

This result indicates that the low population and activity of microorganisms which are
generally found in coarse particles of sediments in nature may be due principally to the lack
of available organic substances, and that if a large amount of organic matter is brought onto
the bottom the physiological activities of microbes may be strikingly stimulated even in the
coarse particles of sediments.

(2) 1In the case of coarse particles, the accumulation of sulfides in bottom sediments was
accelerated by the increase in iron contents, and the liberation of free hydrogen sulfide into
overlying water was heavily suppressed by raising iron contents. In the case of fine parti-
cles, on the other hand, no significant influence of iron contents was observed in the sulfide
accumulation in sediments, and the liberation of free hydrogen sulfide did not occur.

These results suggest that the particle size of sediments may be a very important factor
for sulfide production or accumulation and the liberation of free hydrogen sulfide in natural

environments.
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Table 1. Compositions of media employed for the determination of bacterial number.

Medium 1 (for the population of marine types of cerobes; plate count method)

Beef extract 1.0g, peptone 5.0g¢g, agar 15.0g, aged sea water 1000 mf, pH 7.5

Mediom 2  (for the population of fresh-water types of asrobes; plate count method)

Beef extract 3.0g, peptone  5.0g, ager 15.04g, tap water 1000 ml, pH 7.2

Medium 3  (for the population of marine types of anaerobes; deep culfure with a modified WEINBERG fube
Beef extract 1.0g, peptone 5.0g, L-ascorbic acid 0.1g, ager 15.0g,
aged sea water 1000 ml, pH 7.5

Medium 4  (for the MPN of marine types of sulfate reducers; minimum diluction method)
Cac-lactate 3.5g, beef extract 1.0g peptone 2.0g, MgSCy - 7H2C 0.2 g,
KoHPO4 0.2g, FeSOy4 - 7HO 0.2g, L-ascordic acid 0.1g, ager 3.0g,
aged sea water 1000 mi, pH 7.5

Medium 5  (for the MPN of fresh-water types of sulfate reducers; minimum dilution method)
Ca-lactate 3.5¢g, beef extract 1.0g, peptone 2.0g, NagSOs 1.5g,
MgSQy4 » 7H2O 2.0g, KgHPO4 0. 5g, FeSO4 « 7H2O 0.2 g, L-ascorbic acid  0.,1g,
ager 3.0g, tap water 1000 mi, pH 7.5

EBR B LU EE

. EX#HBEDPICSIIBETREOR ZRE
- HEE R s At DA BN, Sfhl LTORTREREOBRE L FECHEET 205, wilkdy
O, EEOMEL LT AL, ChA R TREREREO—BEH 2\ II—E L LULE Lisk

a3

— 43—



44 S Ea B ACKBHER 14 (2)

MR Bive £ TET, BB BT 2BTNREO&ERAI B L, b4 R 7 D'
INME BT HD BB OV TRE L,

1. EBRAELEIURR

BEYEEML No. 1* mlkK v v~ A CEREPEAHE, 300 2 v &) BLO7 SHIIE (h=
V= I A= THIED %, BDRD L GOEREINZ, RKERi LER LT 30°C T incubate L, &
DU EE) A B LT,

WEREE LI ~6MIZRTH, BEHEERS2EDL LD TH5S,

1) Eh 3320 pH: Er 3EHD +340mV (51D, ERBIHE & LS BCET Lk Ui, Eh
BETHEUL RPIDFI 5 B - QT TOBeR@E e/ h, W 2BHBICKRENL —250mV f}
ST L. pH LB 7.8 FEAS3 HE ALK T LIZ LD, 10BBITREM 7.0 58S 7t - 70,
4 BEBIZE ST 0 B R L CUREI OIS e,

2)  FIEH : —RPEER DA LT 1AM RER 1%/ Ehotet, Fofo
CEABD Uiz —RSERBDMINITFSERO TR L D &L (R, BEIFCEZO i BETSH-
Too MEBETEHOWIEL, B 2FI VB TR -7, 2BEEMBCRI bR LEbs
BB E L.

g
E
= 10 =
i 8.0 5o e
pe--g 3 e |z L r . e o
_ =5 @ by ) — @@= T T T Pt
+400 oo // NN = e,
| e—e ® 7.0 én Sele x— T X
+300} " 7"?'0/ X7
% B
@ =9 X
-+200,\\ o 5';’lx/o.
@
) 4
= 4100 \ .’ T gle
f e “ £ 2F
'.E 0r ' E
: 1t
—100} 2 Or
® )—1 L ] ]
\. E 0 10 20 30
—200t ~ i L
e Incubation time (days)
® ~—
300} ® Fig. 2. Growth of bacteria in sediment.
. - o ) —&——: sulfate reducers;

————(——: aerobes;

Incubation time (days) b
— + — X— « — aAnaeropes.

Fig. 1. Changes in Eh and pH of sediment.

30 WAbH  RAEOAERES A A L h DB, TOBRKTERACENL, 4BEMBBC L ok
KERIZH »720 TTobb, FLYEEIFBERECECOBE Y VN b, FFohifiltso by

R

* TESMAEE S DR S e T, R VI Ak < TR T OB D A A s L.

— 44 —



R OE TR T k1T B U LA DA B 45
- - -
‘II\\
10y s / \\ /O
& Z 60r la 160
/ E fm*r/jh-‘e
: sl 4% _
o 8 \ 1
—~ = i Pl
= © 4 Y -
T 8 a0k ! {40 @
= = \ =
- =y e ;
n & 1 Y PN +
L I | | \ - ~ ] )
o = @1 e N R
i 2 / ! & N >~
~ =] I ' N I
= RO D o e
~ gt = o0l 120 =
St R P ,'
¢ =0
(] !
o L 'g d ! E
8o = 1'
S Ko
~ . . . 0
24k 0 10 20 30
:::S Incubation time (days)
@A | Fig. 4. Changes in ionic Fe*™ ccncentration
and Fe™ / Fe'*+Fe™™™
~—=-—-: ionic Fe**:
2F e_/G ——@——: Fe™* / Fet*4Fe™**,
i @ —
/ G
&% L o § A
0 10 20 30 ¢ L N AN N
Incubation time (days) . i e
Fig. 3. Production of sulfides in sediment. w0 60 0f . / \\\A, -
< [ A
e o
=i ! kY
L A
A
4) EB28DBTR IO+ VIR 2 gk # @ !
5 . . s =) ! N
2 BETTIS T bABT, ERERCETE = 400k R
(Fet/FeH+TFeH) 60% 35 OBAMIC 7 Lico S
1 - < g ; g s s
C OBERY Eh T DO EER RO iR & S ix /
FECIE L, Bk st X D a7 D ET L = e R v,,-,———‘v
foo Fiz, A A VIR 2l DAERUTE 2 PHEIT X 200k K
o - . s ~ y = !
DR NS, TOBBHICEIN Ui, 1ERE E 2\ hd /
CRAECELEOD, SicO@Bicid L 2 i Zf\/,g\v
= -~ ’
B ORPERIEREBET B LA & SR g T v
- = . *-»-8‘:1———-——6 ----- 8
Do ) Obea_ol-@ 1 1 '
e B e N . 0 10 20 3
5) EHREE « MUNCILEHE R L O e R Incubation time (days)
El % <, KR AL Ll i hicH Fig. 5. Changes in the amounts of organic

T 54 D7, BERI3IHTA LD,
A VBT USEAS LCIAFEEA LD, ©
NTFIIERCERE 1. FBLABI—EED L

acids in tediment.

—-()—-: butyric; —&—:
--A\--: acetic; —A—:
-—~/--: formic; —F

— 45 -

propionic;
pyruvic;

lactic.



KRB 14 (2D

46 Vi = =
2BMEZA XD FBOERE N L LA, AT
. , . " o)
PINLTehs »7ce 727 BER IOV » ok VERIL, 150 o
5 B ZALEDERA TS Hhic / |
6) WA BB LIED LT3 S 160 ' \
IS Lo BEEY AIZ5 0 O A L D IEFRICER o \
: 4 1
LT 1 EMEBCILRARECE L), Obaic Sldor o \
D Lico ZOWPCIHENHELT 2 & YV HVER 2 : \
Lizo BRILFHLFEL, WS MIML F120p ; Y
[} H ~
7co IRBOERIIEL BRI -0 o ! S
- ] S~
o100 / o
< ;
= ]
; 80r ‘,5
= !
E 1
= 60f H
S i
g ! ®
[&s) 40k "v . /
i o °
@ e a
205070 @-o
380 ////
>A\W e e, .
0 10 20 30
Incubation time (days)
Fig. 6. Changes of gaseous components in
sample.
(-1 COgz; --A--: Og; —@—: Na:
—a—: CHy; —»—X—+»—: Ha.
2. & =
EERNCEE L TR L5,

DLEDFER L &0, BELHEEDPICKT 2B REOREEY
Eh (3FEBBAGEE, DABCET LIX Uwics, MUkl % 2 ok FipiEkE wE OHEiEs X Ot
MR L D e DARAT L, PSS (BEESHEL ST EENDY) Ol JUMEDHL L EE
RIS LT %o CORFIEHEPOBBEFERCKIT S HLVEEERETH - T, EEWhC BT 55
TERAEDFGEL & PIFRMERE ORI HE, WEENC LD 2 b AR LTV D, E2BDBRTL BEN b InA
T, Eh TR L OHSEEVIEOBRE LIRS 505, ZTHIZE 28BT O fads LSS 2 FE R
DETAFAC X DL ERRT I 5102 5. Tk, BROMFIELD? 2 S5z Lic X 51T, H28i1b
LEDMERIC L » THFROBEFZH/EE L THASKE LB TH B, 1z, pll PHICIXE &L A KL
Licnds, BHEEE, REBP A EOEBROEICA SR D EBD, OBIRCIERERBNER T L,

pH 2 FHEAAYEOFH X HMEFOH L BEbib,
PlED X5 aE (3 B CHW) 2y, HFHEAE CGREEESHEY < 1) OERLMEEL,

CRICE b7 S BROWE, FE Bh ORI T 5 108 2 0BRSS S, REETEL L
RIS b

=

ES
. ZHRPE OIS

FLITIN, PG CE OB HREE ORI L L, WEINBERG &Y
AR ORI L Lichd, ZOMBTIBEESEENRSF BV EEL

BbhhlcEELHLD,

— 45 —



=

ERFEBROKERE Y BT D i DA 47

BSMEREOWILL FZERTH D, BRMAEE DO eI TH L. 20X 57,
HARC BT FSHEEOFRLEEC L L7ed EhETOEEYBRTREBRECE 1B £ 2 5,

DWW TEREAE LEM O 5T, FREEDOMEIREICHE L Eh [ F R X 0% 2 SR T EGICE
T 5. BEMRENI LIS ERE D, Bilk, RKEEY AVe X —¥D metabolite DR L = icxiiET
S pH OETHAECH L. Z0 L5 BETRERRCE Loy, HEHETE T S REESIEEOIEA X
AT B, T OERIL 2B, ‘

7o ZOWENL, FREE (B X OBERSERE) ORSHE LG LD EERRENE» AR
DBICIREEN T ST T B TH S, AT E L W EEER T/t & RS R O o 5
2, TOEEIELE TS T PLED X 57, IFREE (B I OBEHSMEE) OFEENC &b 5 Bk
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Fig. 7. Changes in E% and pH of sediments
at different temperatures.
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DAEERL, BEMCLABRD LD, BEICKT2HNBLTLLAE < 2. FLWEREE o\
TLERTH - C, SfEE (L, BB L 2) ISEEE DXL bbb LA bh HEREN, (KR O
MR T 5 LB hhicve BEH L ZOEEA D, KRB 315 2R T RO Ly s
BT S CEELFHNERIZ bR 5 TH b, LhL, SEICHE 513 = OME O & fit
WEEDEENRE NI LT, ok 2 F ORI SIT 5 A FELER B KX T, EEDIICX0
HED? L, BECE DETERERIIC 5T b LA LR W EHEI D,

1, BRERETCE O MM EE & Fi AR BRI, AR 1T 2B OB SN T BRI i 5 13 2
REL, BECKIETHEL s BEETHLEELDRE,

3. = #

EEMTC R I TR L, 15, 22 B L0 30°C DAJREET incubate LT, #Myomis
TER L O LIS HREDEE B Uiz, #ORE, MAMOMER X OFC L 475 ERET,
WACHERL ERSRIC ST 53 ERE <, L CBRRITE O HMIH & Fi by SR B O 8% B
WA DI EME LT o T,

. EX¥@EMbCsT2RItMERCELETESBEORE

MEEICEL, £ECRT 2ESERICE LT, HIEE (FHakE) S¥oREE CEHENE) o
{ &b 2D b Do WEMEBOAEIL 2.5~3.0% MECEBESERS LB I, —JF, WkHE
OETIT IR L OENTECBE S TS &5 5. Bl O 05 ki B AERESAITED DR,
WEREITLE D 2 b 2 BEO S & IEVED BRETE B B X OEEERRRIC & » CX b TEED 5 SR 4 21
TVBIENB BT -7, BHIC BT 2 2 b DERRIIEEER D 1D 9 121 5 b LI X -
TR E i,

TR BERY, RARBL R 2MBBELEOEE LB, BkESE AR L BE L TESE
BILXh DX 3B LFIT o0, EFARAGTIBIE L bLBHLELDTHD,

1. ERFEHICER

BEEEME No. 1 rRAEKEMALLESERS L, A B ule—2e 7 TRy BOED 1
%) Mz, E2RITFT IR, HEWE I ERERKT 255 X UL0EC 5 3Dl FRigK & s
L, BT 30°C T incubate Lo M OBIER L OREOMAEGIHA B L ERITEE 12~23 K
LRERDERBDT, BHEIOEDL 5 THD,

Table 2. Strengths of sea water employed for the preparation of sediment samples.
Sample A : full strength (original sea water)
Sample B : helf strength (diluted with distilled water)

Sample C : a fenth strength (diluted with distilled water)

1) Ehisyo pH: Eh O TEERBEBEEIGEI VS SAREN TN, KBTI -7, pH ©
EHL, EOFRBTLREL e 7,

— 52 —



RREROELHERY T BT S5 DR

p ;i\(j;’_’—l-ﬁ

e mmm s

53

18.0
o
2.

=G
::—-_,Q/__:‘_{_x

e i )

17.0

10
Incubation

Fig. 12.
the addition of wa
-~(-~: sample A;

— e W o ——

2) MIEEC: K (A) CliFstsE, i

=

HFH

Log. number of cells (per 1g wet sediment)

10 20
Incubation time (days)
Fig. 13. Growth of bacteria in the
sediment of sample A.
-~ -: marine aerobes;
—@-—: marine sulfate reducers;
—-—/\~-: fresh-vater aercbes;
—4&-—: fresh-water sulfate reducers.

L e

1R JLEH
BB TH T T BRI TCHOMIBIEEE TH - 2 EFREKR (B) Th EELFRRS,

20
time (days)

Changes in Eh and pH of sediments with

ter having different salinity.
—@—: sample B;

: sample C.

& b ICYHFEE DR EIES 2 D, BOKMEED

5]

g

e

(]

o o1or

-

= .

on DD Y -

—~  8r ,’A,——’A \\\\\ \8 —————— o

b 7 N ==zl

L 7r /I/

3 ./

0 65,’// d

o A-———"‘A\

8 5- & A/ 4

b

5o

=]

E ZV/

1

~ QL= : . s
0 10 20 30

Incubation time (days)
Fig. 14. Growth of bacteria in the sediment

of sample B.
——-(»~-: marine aerobes;
—&—: marine sulfate reducers;
-—/\--: fresh-water aerobes;
—&—: fresh-water sulfate reducers.

3 —



54 i

IFRMER, BRERRICH & LB D I AT
TP & WK R DIR IS e BT A DL, BRERIETT
BT, ZLEMEEOENEETH-To 2D
HE oEHEEOMIEREY ok (A) DY
B BB L, FEEE ORI REL D
wtcds, HBRITEOZWIEROBE L b 12
e DiZ2IETH -1,

10fEREK (C) O%fHL, ko H Lk
70, PSR, KL L TA -
THER o HiEA R L, GRERETTE SRR D3
FEM, BHEMEOFIL D XD TERTH-
Too T DOBE OUYIKMEGESEITTE O, K
(A) DBEDEHHREREETED TR L D %4
BT, oL FoRbhERCRT BEY
SHLEETHIICARL D

Wi, Eoz bbb, FREELHBETHE D
& BICIER BRI WG T i) % 13 Y E
A, E PRI S B K YUK, Th
FRIEFRCEE L, — OERFEEE L D L5
B TLEIC RS T o EICHEECHE D 2 &2l bh -

3)  EE2ROEIL : KOKEETLIRER
100r X

40F:

E KRB 14 (2D

_{_ﬁ{_

jay

O =N W U N 00O o
o\
l
\’

Log. number of cells {per 1g wet sediment)

10 20 30
Incubation time (days)

Fig. 15. Growth of bacteria in the sediment
of sample C.
~~()--: marine aerobes;
—@&@—: marine sulfate reducers;
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— & —: fresh-water sulfate reducers.
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Fig. 18. Changes in the amounts of organic
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Bo COHEE, B 24 RORIHBRETE
OHEWEEC, BEEEBECKHT ZEBEC KT HEE
TABRIC L - THB I NS, L LIREEORE
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<
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Sulfides (H,S mg / ml of culture medium)

DEEICIE CT, &R DI L Yok @D & \
b OO PNERIC L L BT, WER LD oo e
ECORBIL RRERKIE S VREE 1R o 1.0 2.0 3.0 40 50 6.0
% 7o teAt) @ﬁiﬁéiﬁi@%fﬂiklﬁ%ﬁDE?&, 13 Concentiration of NaCl(%)

FRBELZAZEMTELY, 2085 kSR Fig. 24. Influenice of NaCl concentration in

eppae , . i Ifi ducti b
SEERSED RN, AR b Kk S, culture media on sulfide production by
sulfate reducrers.

(RREdKE LD DYBIHEEIIRE B2 72 —-()~~-: fresh-water types;
P MRKEE BB L AERENCBL LA LI —&—: marine types.

— 57 —



KRBFR 14 (2)

58 i =

it

73:7]-\ =76

TREA THRBETTE O WANRBEE ©H A MBBEDBEN LR D0, BRFHRVCLS E, -0
B ORE I E e SO BEEE LD THE (EHEERERBRKHOU~UWERE) Thohb,
ZDOFRBGEHET TIX SO BEEIBIHCK T2 HRER & /s - Tovinye —7, FLDERRIL, H2E
P CIIMEE SO ORISR T 2137 TH 5N, BEERW ofEc Ihul, S04~ DBRILE
EEECHT 258 S04 BEL I KL, 10FFREKPOBETLZhE2HR L X5 Th
Ho Ticdrb, TDX S EREHT T 10 FHIEK TT OMBECEOME S EERIZ LA SHIEL
Thizh bAxbhb, LL, RBRCRWNT SO ORI BEDHWERIE T TR, 2B THOAT
WS TH T, BRBETRIGEST5HE SO ORI L - TYR, FmEREN A ZT 5
THH 50 FERD OBHFAE ORI, Zotlths.

3. = #

Bzl GEEMLE KEHLASERS) EEY BMRkerr 287 PHTRAYRDED 1%) %
nz, WK, 2MEFFREAK R 10 SRR L, 30°C THEATIC incubate L CHEM D IEE
LB LETIESEBEOHEY L b, DFOKEEYE.

1) BRI, WIEERIERKERESE G Y, AT EOBEME R E, FRENIER
TH - 70hd, MELEhE TOREICIIENBEC L 2ENBEAE D T,

2)  UREEICEOBIRIEEKBE OFEY & LICEEECEY, COBEOBEICIE U CHREETE L gk
PRI X 2 SIPETE B DS Lice Lv L, MEEY /b CORKIEKBEC b BRI
FEETH D, - OMEC X 2 LDEROERE L B § REI LD 5T,

3) Eh RET, B280B0 2 — VICLERKEEC L DERNZEA LR LR »Tend, BN
AED T DRI T, POKBUEICE  Te B EFER, KRB/ AR LU 2 2 v OERINEFR TH 120

V. EffRWPCEIIMIENERICEIETERNOBEOLE

B » 0 OHHERTIC T, RHEERY b OMER TE O L BEURE LG, BECHELET Y
DEBLIORELC L » TOIHEIN T A ERFEEL, FERBY C©L, ZOMEOHE &GN
R F T (Y OWRERE) Rt OKEH SR E LTOERYOBELBECY ~TEL
WEEE T 7 LR ST L '

T, R KEGEREEORE LR A 7 B TR O Bk A e A m — A,
P E O TR RSB LR EAEDC S ShicB e, RBRTHOMIELEE, L0 The
BIE S 2 D BEMIH OBEY, SO FRYOEDHEC L b XD L R ELTT Bk T vk
HWTBRE Lz,

. EBAEEIUESR

A No. 1iefR e — 2 (EEEFEH, 300 2 v o) FEHEe 7 Ol (e i
— 1) & 2 G DBECIRINES L, KA. LEH T T 30°C K incubate Lic, Zh & ORI
BB EEOBAENIEE A B LI, 8 26~83 RIERTERD T, EAR2ED L5 Th o,

1) Eh IO pH: Eh XEBLOMBTL & AMRCEEICHET Lice pH XHRADOBE IO L
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Fig. 28. Changes of jonic Fe** concentration and
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Fig. 30. Changes in the amounts of organic Fig.

Incubation time (days)

31. Changes in the amounts of organic
acids in the sediment of sample A. acids in the sediment of sample B.
--(O--: butyric; —@—: propionic; - -(O--: butyric; —@—: propionic;
-=A--: acetic; = —&h—: pyruvic; --/\~-: acetic; —&—: pyruvic;
--\/--: formic; —%—: lactic. --/--: formic; —¥—: lactic.

6)  HARHALBTIL, we— AN R TR
3,'9/)7"\:0 ’

ol URSHAIC R 7 A DEFE Y & X THEFET

200 o..
= o=
E / o -
2100+ ; 21007
3 7 AN £ o
@ / . 5 PN
£ 80F / “ % 8o} S
5 ; . g
i o*"ol \\‘o p= O/ Mo,
S 60f & 60} Y
£ / = / \,\
@ J — / SO e o
- a0l 7 5 40 7 - ®
R & 10 o —
j: // - /’,O ./ \°
9 1 —f @ = - —
a 920p @ -7 —
ge e s 205 —e
©
S Ben R N PO e s s 4
[N 10 20 30 40 0 10 20 30 40
Tucubation time (davs) Incubation time (days)
Fig. 32. Changes of gaseous components in Fig. 33. Changes of gaseous components in
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2. & =

ZOFERCH B e EAM L, T OCHLEOEEY NS Fh WA Ebh s s, SEDTH
BB L 5 &, CHICHERYZ RN IEERINO MRS  DRTHAEDESAWD Lo LRESH
T, ZOEBTLIRIERIIC L 5 REBROENFFEMS AL D LEL bh b,

r— AYERINE BAGMOMBEY, —RFSHE, BEUEOBERS IO ERET, F288 ki
XU IS /R 5 2 leh - 7ot FRRTEH OB & BTN ) OFEL RS JIEL, AREMD L
DAGI 2 D ISR HE L LR AR LD LT, A — ATRITCEIIICIER T, i
T2 Tk U CREERY 708 & 15 2 A bz

T X B AR, HERETEO BRI ST A BEC X 0B TE LS. Thbb, I OMERS
= AF I (REF) H 5\ ILERITRILORR G4 L UCEEFB T 2 5B AR, drey
B, FHR SOROERCR LR 59 BOT, BAMEEIABHARZORBCH D, CRCHEHIMLD
b LBEFCHEIATY,  ZOMBEOWHAERY SR HER IR B DR LT, e — AFMO
BE L RO, ChbUAAEE OGN hictELDbR L, DL Sigkerrm—AD
SRR, ERoBEHpRECH b TH D, —TF, —RIFSHE, BRMEOREE, L L Th
LOMBECIERENC L5 Eh T, 528587070 & RINE g O X » Trhiz & o8y T ish -
7ok, EARMEPOFEERDT L - TZDERPELERIIDTHA Do

BREDOBE A —BMEOMIEC2AkE LTORITUREBREC O L VCEEE S22t »lcDX kD LB D
THLHH, HER, FAORTITURANOERS 4 Ul ThLOMEIML, B bhiciRebik
SESMEDTCORE TRV, A8~ AFINCE W CRIIICEER, € e v, RBRYTAOEENS <, B
TR VIBRENLENE S 7o 2 ik, pH E T2l e — A CIER I B TR aiin s,
FRENBBE NI S L WG LT, ZhbOBFBYOSREE & LORBCHST 5ELH Db LTS
ERBRDe DX DB ROERY, MBBRTEOBEC O FMPEERTw5,

b r = ADGIRIIER R e v v — AR X B8, FIHRL- v S TEBEKORAT 2 EE LT E
T HIFGE R e — AGIREOSAN, L CHRLEDOS L Z ARV, ELRoRRDE LEE
BT A 2 & T B BEMEEDCERE v r — AGBEOHFEL MBI T 5905, Hik
WECELRICRETE, $256 20X RlEOEEICL D v e — ADGENETT D THS D,

br = AL O X5 TS RO 12D, TRERIEICE OTEENC T A UEFRIL, Lo X S TRA
F L BT EL M THL AN, FOFEIL LARE L, »OoRBERT 15, KA o X
5 I E A G TG - L S TR ST X > THE SIS ED, MEOERMENEESIR S,

3. = 3

BEZEEM L IC 20 e~ A ZIXEAE 2 B OREECINL, WK E#: LCENTT T 30°C i incubate
L. B osi - R R LET SR S BB OBEOHEL B LR, 2¥0s Ladis

1) —REFREES L ORSEEOMIEITIY, RINEEIC X pERMSEA LR, E BT, H2
oLy L=y ViR o F (/RN ful

2)  TAEAEICE O & F LR EIEETL, ITEEOBEOBENBHECH biit, REIND
BATRI L 0 IE L EEAE L, e — ARID TR ISR ORI R I E S, W
HREDC BT DS OBEY RT3 L b b,

3)  wm— AGRMOBEL, R BT, FHICERR, ©a e vEE, RERS ADER L, &
BTG e L VBB E S o Tte DI &4, pH ETABBTIRWH L D, wre— AT
HFIZ DU E el L EHIGL, BRMOGIEEE L TONEEH bbb L TwD LA bb,

*RPETIL, WEROEIT I BOSRC L > TERICHAERINE EELDRDH, TOHEMED,HA
BE, FRICHETARSIFRBETIC LALDILE BT, X ThhnnwikELbRS,
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V. BEX#BEYRCHTIBEMESRCEIETERREORE

EOFER WV s, EHEEYRC R DH A X0 D L BE T 5 SEOBENIEES, BE
CHEETAEEYOBEC L » TOLWEBE 5 2 LBl baNT Licay, 22T, ARRES
DR OREE & BB DS THEY, 7 AR AGTRE L,

1. EBHEBICESR

BGEHEERME No. 12HAL L, chiker e —2 CGEFEPHE, 300 2 v va) LR T Y
A (REdzik—1) %, HIBCTRTERD, BOED 0.5, 2, 10% B3 EFEEY 2 %3 oMM,
WA . LT T 30°C 1T incubate L, SEOMAMEEIZFRICEY Lice £ ORMREEE 34~
40 Himmd s, 2ED L IEHEND.

Table 3. Preparation of sediment samples containing

organic metters in different concentrations.

Concenirations of organic metters added fo

basal air-dried fine mud (%)
Samples

Cellulose powder Mirced fish meat

(300 meshes in inch) (a horse-mackerel)
A 0 0
B ' 0.5 0
C 2.0 0
D 10.0 0
E 0 0.5
F ] 2.0
G 0 10.0
2.0 2.0

1) Eh X0 pH: Eh BT, wir—ATLERTL, HINEEORCLOESELTARMTH
»7ce PH E—C, BERDEEOCE L OESETEENKE L 72, AW 10% ClfbofHe L Rig
b, PHERDEEIEE T WH UB L RN A BN, BABESRC L L5 7 v = T KEEEY
BOEREZRIT 5 X 510h2 b Lam—ALBROWMELIMAICEECL, ThEZRBEEDOL DD
~C Eh L pH OFEERREN -T2,

2) MR —BEREEOREL, AEREUEOEIEE G SR TH -7y, KELISI -T2,
TR TTHADWICL, FEPREORENFENE DO THEE CH 1o w/irv—ALBAL T, #E
DA D X R Lice T2, THBOBMARMZIS DT, ThThBEEOSE L) B
UL D ITIERTH » 720

3) By BEERIRERETCEOMIEE SRS L, FEMEBECEA L TWH UL LIRES
Mo ZOBIMHCIL BATINO AT 2L m — ARk Edo - 7028, ZHICIEEE TR ERT
LT, BETLEREBINOMEA IS BRI,
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Fig. 34. Changes in £k and pH of the Fig. 35. Changes in Eh and pH of the
sediments added with cellulose in different sediments added with fish meat in different
concentrations. concentrations.

--Cr-: sample A; —@—: sample B; --\/--: sample E; —%—: sample F;
--/A\--: sample C; —A—: sample D. -—-x--: sample G; —{[+—: sample H.
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Fig. 36. Growth of aerobes in the sediments  Fig. 37. Growth of aerobes in the sediments
added with cellulose in different added with fish meat in different
concentrations. concentrations. »

~-()--: sample A; —@—: sample B; --\/--: sample E; —%—: sample F;
--/\-—: sample C; —&—: sample D. -—-x--: sample G; ~~[}-: sample H.
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Fig. 38. Growth of sulfate reducers in the
sediments added with cellulose in different
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. 40. Producion of sulfides in the sediments

added with organic matters in different
concentrations.
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g ) -—(r-: sample A; —@—: sample B;

z Z -—/\-—: sample C; —A—: sample D:

Eb 1r --5/-~: sample E; —¥-—: sample F;

] 0g 10 0 3 ~-=-x--: sample G; —[}—: sample H.
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Fig. 39. Growth of sulfate reducers in the
sediments added with fish meat in different
concentrations.

--\/--: sample E; —%—: sample F;
~-x--: sample G; — —: sample H.
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2. & =

LR G, BB P TO—RIFKEREOWIEE, £& LTI bDEENRST5 & Bbha Eh
T, pH OETIERYHMEE & & LITHET 50, ZOFEREET TR, ThIiEEE Tl 0rst
LT, GREREITCH O & ARSI, BROPFMRECESI LTS b TRURES R D 2 & hvbh
wlte SHIL, FEMBITLEOEEEEZR 35 response N—EHHEOFHIZ BRNTELH L E 2 &
RIpEBbhde coZliZEl, BR WV Cbifi~cls ), ERELFCEOMEDOEZETFIRHA
BRI RZRBCH D, BB blcbI3Ns &, BAED L) ehBe 203w ol
MO Tl e r—~AD L5 s BSREDO LD TH, TORECHA U CRILER N E T 5 2 L2 E%RT
bo ZOFHTE, BMRE LRGN E LCELZ BRAIE, TREFRBEEOEHIT BT, BEERN
Vo T 5F L oleds, FBRERY WL LI oMEOEREE LTOFBYERILZ LD THETH L0
b, COHEOEABRIZRFL LTI b=xAF—H (REF) & LTO, & UTHFRBOMRELE L
THEL TS EEL BRLD,

3. & #

BEEE M, v e -2kl BAE. OWRE (0.5, 2, 10%) winz, #RE#EC L CENAT
T 30°C 1T incubate U, BAAERE OMOMAEMEEHICK LIS THEEBWREOEEY Lb\T, £D
BRSO EXAH LR -1,

1) —BFEMEEOMEL, chickb/nd EhET, pH R FXEERYREN S T 5o TEREL
1o

2)  BEERICE OB & AR BRI E BB o 1 S BURBNCHIIL L, B R D
B ADOBETE 2, THOFRINEEC LA L CHEME &G & Hho THETIEA Lz,

V. BEI#BEPRCEUIRIEMERCEIETHEICT T ORE

BER12 O EEREBROMSRIC LY, FREBEITCEIIEIRIC Fet RoRAIR &3 2800 T, H3HEAA
T = OEEEC LG L CHIE & SRR RS SMEE X s 2, Mot (X S EHIRCIE T 20 /MU -
0 F DO B3 4 MR O\ COER & incubation ST L b, FREBRITIULS Felt OfFET
THEITL, Mot ik - T Fett LERACILEIR S Z LW bMIC LI,

IOXACEE < v VIR EEC L CEAREEY S LETEELDRADT, I I CHEEHT
e s AR T EHO B & 15, B L O OMoMEERICE g T#E <~ v v OFRE, =
F A G TBRTE LT

1. EBRAFFELIURER

FEEEM No. 1 1o KEMbEE* BI OB~ v o v (OFind 200 2 w2 DF) R 4ROEE
iz, ChCERY FEerr—AL 72HIVARRORED 1 %) REML KA L, BT C
30°C 1= incubate L7z, v

2 DR ER B LSBT 41~60 MICFTER D T, EHIIOED L5 TH B,

* OKEREEROPBUTIE LB SR 7 v oh U R ina TRBLERE gk & U, BT L itets, =R CREL, ©o
BRI ERCIBE L TH bbb L,
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Table 4.

manganese  in different concentrations.

Preparation of fine sediment samples containing iron ond

Amounts of iron and manganese added
basal air-dried fine mud (No.1) (%)

Samples

to

Total iron contents of

samples*®
FeaOg MnOg (Fe mg/g dry sediments)
A 0 0 38.6
B 0 0.5
C 0 2.0
D 2.0 0 51.1
E 2.0 0.5
F 2.0 2.0
G 5.0 0 105.3
H 5.0 0.5
1 5.0 2.0
*

analytical value

1)

Eh %10 pH: Eh T, S0F0EBI o Th, =V vEOLZWLOEIMLTENRT

Botoe —F, BEBEL ERBETEORIIL, 0~ vH vER RS TLEENT LA EALIAED »Te
pH ETIXHO Y 0EETYL, ~ v VERENE (THb<v# v 2%) OL0MBORENS { HTE

L< n‘%’f;’zf?@ 726
2‘-\ji\—x\ o
O\b ~\ ______ — & — ]
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+400
+-300
4200
=
é—{- 100
B
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—300T
—400 . .
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Incubation time (days)

Fig. 41.

sediments (No.1) added with Mn in

different concentrations.
-~~~ :sample A; —G—:
x—» —: sample C.

—_

Changes in Ei and pH of the fine
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B 8 1s.0
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Fig. 42. Changes in Ek and pH of the {ine

sediments (No.1) added with Mn in
different concentrations.
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Fig. 43. Changes in E% and pH of the fine Fig. 44. Changes in £F& and pH of the fine
sediments (No.1) added with Mn in sediments (No.1l) added with Fe in
defferent concentrations.

different concentrations.
-—(-~: sample G; —&&—: sample H; -~(-: sample A; —&—
—_—e ——-X—— [RuS—

: sample D;
; sample 1. — o =—xX-— s —: sample G.

2) MR RIFREEOWEC L, MBRTEOMEC Y, SR LU= v VORI X 5ER
PR EAERDIIehy o ieny, T~ v v 2 k- aiealbl ik, FESECEM G L Cyiilic—BREd
Lo

3)  EZERETUR LU A R 2k - B2 HRICIE < VA VIRIMEORE VW DB LB, i
RIS (T~ 2%) TEELLEETH -T2 SOBRMBICL S, BIGEELBTRDOE

BITRE { Teinotce A4 VIR 2 HZEOMFIE O TURT UL, Lo b gl U % b » TES)
LiZe

4) B B OFEREIL, o L0B R ThL = VA VIRIMED S WL DIESBIETH -7 L
L, SORBMFC L ARIEDEREOMEIIIE E A Elahs» 1o BT LKL, R b Rk
ZEAEELBERER e -7, '
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Fig. 45. Growth of aerobes in the fine

sediments (No.1) added with Mn in
different concentrations. '
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Fig. 47. Growth of sulfate reducers in the

fine sediments (No.l) added with Mn in
different concentrations.
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Fig. 46. Growth of aerobes in the fine
sediments (No.1) added with Fe in
different concentrations. -
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Fig. 48." Growth of sulfate reducers in the
fine sediments (No.1) added with Mn in
different concentrations.
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Fig. 49. Growth of sulfate reducers in the
fine sediments (No.1) added with Mn in
different concentrations.
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— + —X-— ¢ —: sample I.
80r
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Fig. 51. Reduction of ferric iron in the
fine sediments (No.1) added with Mn
in different concentrations.
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Fig. 50. Growth of sulfate reducers in the

fine sediments (No.1) added with Fe in

different concentrations.
-—(--: sample A; —@—:
sample G.
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Fig. 52. Reduction of ferric iron in the

fine sediments (No.1) added with Mn

in different concentrations.
-~(C-~: sample D; —@—:
— s —X-— —: sample F.

sample E;
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Fig. 53. Reduction of ferric iron in the

fine sediments (No.1) added with Mn
in different concentrations.
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Fig. 55. Changes in the concentration of ionic
Fe** in the fine sediments (No. 1) added
with Mn in different concentratiuns.
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80y
60r
=
T
+
[}
fx,
& 40p
¥
@
fx,
+\
+
(-]
[ A
wf
0 10 20 30
Incubation time (days)
Fig. 54. Reduction of ferric iron in the

fine sediments (No.1) added with Fe
in different concentrations.
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Chenges in the concentration of ionic
Fe™" in the fine sediments (No. 1) added
with Fe in dieferent concentrations.
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Sulfides (mg S per lg dry sediment)
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Fig. 57. Production of sulfides in the Fig. 58. Production of sulfides in the
fine sediments (No.1) added with Mn fine sediments (No.1) added with Mn
in different concentrations. in different concentrations.
-—()--: sample A; —@—: sample B; -~()--: sample D; —@—: sample E;
— s —X-—+—: sample C. — ¢+ —X— « —: sample F.
2. & =

20 L), FBBETEHCH T 2HORIIENEA 4+ VREB TR T, TERbah ke
BamzicBaicbiabh, ¥ v Ve onwThABETH-Tonb, ZOERCRRRCKT 58%
DEEMRAYER LT, KBS TS LBMEE s XOTBb< v # v E LTl SO X DA
BB TN HRCER L O~ v VARTEIREORE, pH E Tl i Baae 1 4 LT
SR ARET S L3, A4 VIR 2B OBEN DA TLEEIR S, .

EOERT, HEBETEHOMENGER IO~ VI VOWThORIEIC X - Thid & A KEELZIT )
HPon Bit, HERERDCR\T Felt iIc X a{Rf s Mot K X5 2 h R ER R DI ICHEE LT
BdhLithih, Lnl, HAFRCRLLERD, ZOEAHECET TR OEDE (BB
v VL) WEELTED, LasbhiERERNRE,ND bbh s Fett OREREXEV-0OT, Hnshic
g (BEBL =V HY) OBEND bR -7 THH 0 ’ :
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Fig. 69. Production of sulfides in the Fig. 60. Production of sulfides in the

fine sediments (No.1) added with Mn
in different concentrations.
--(O~-: sample G; —@—: sample H;
—— o —X-—+—: sample 1.

fine sedments (No.1) added with Fe
in different concentrations.
-~(-~-: sample A; —@—: sample D;
— « —X-—+—: gsample G.

—F, COMEOERC L &S FIERRER < v I VENEDS G LSl Lk, ZOME
DERCT 5= v 7 Y O EEEORRN, WHEHCHTHEORALV LB LAV EEXERTS LD
R Do

ZDEHRTE, EORBHCI\ T H EHERY R & i bR EAR E AW S huinh o 72t S
Pl PEBDSEENE L, ARINIRIbKSEN b FEESBERIHE LT HELIC 72D THH
5 o

Eh OBETHEEN < v VIRMEDL\ EENE ot LT, HEREOHEC LS L0, Nt
BT v A vOBEIREIC D LTS ERTIAENDS D b Fiz, pH KT~ V7 vORKE I
T L TEETH - - BHIIAI TH 54, OPPENHEIMER 53 Ofi~<Tw5 X 51, —HdBi b
B BT 5= S IR Litieu,
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3. = # .

BEzigE e gk ORBEE ) 3i0~vry (TRt~ vy v) #4BEBECL, WKL L
THEPATC 30°C 12 incubate L, FHESRICEHOMIE L BN, 8 IO EOMOMEITIENCE XITT#s
U= v DEERRN, DEOEREAE.

1) DiERELEDOEIAL, ZOFBEHT TRHERS LU~ v VOLTRORMET X » T B2y 5
et otens, BUWERIL~ v 7 YENEOS WZ B OHACEE IR SRNEEE X 2H b
BOERIZ LN -1,

2) Eh BETR~v»vENRSNEELPELBEL, pH ETRIVE2HBETLLSED< VI VT
I hiHEE N,

M. EX#SWRCETsMIEMERCEIETHBYNEOTE

EHER YT S 2B OETE LIEEN IR T OREREBRIC X » TELWEEL T 5 Z Lamn
NTD%, —IC, R B MBI 02BN RH S, Ao hnidicv. ¥, Rk
WEEOS EREOH O OEMBYOL 1L, BRI b ->Tw b,

I ICH, BREETCHEON, WY EENE R L OV O OB IR, SRR T ORI BRI X
S TED LS I BEZIT B0 R =T AR VGRS LIc, $E, HEYhoOS%eEHEE L ORI
Wb R Lo

1. EBRAFBLUER

HFRIEL D FE - CEEWELOREZML No. 2 2H\yv, ZhichEEYy MKtwra—2&7 YA
RORD1 %) L85FCNTEOKERMUE A s, KA USEET© 30°C i incubate LT, %
TEOBENTEE A B Lice Tha oM7L EL, EOER VI OTh ek ¥ =71 &
L CEBCIT L CERA D, WEOREREL R Ui,

Table 5. Preparation of coarse sediment samples containing

iron in different concentrations.

Amount of FesOs added to Total iron contents of samples™

Samples basal air-dried coarse mud
(No.2) 9% ( Fe mg/g dry sediments)
! 0 34.9
K 2.0 0.4
L 5.0 111.0

* analytical value

B CHED oW TOBRITE 61~67 IRt &80T, BEID2EDLH TH5bo

1) Eh B3I pH: Eh BT LERMEE ORCIZE LIRS »7chy, IR I\ T e
IO L OHMB X 9 2 7g DEWER T Lice pH OEERITREITH 7028 ML THEDOLWIZEHTE
BEELBENKED T
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Fig. 61. Changes in Ei and pH of the
coarse sediments (No.2) added with
Fe in different concentrations.
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Fig. 62. Growth of aerobes in the coarse
sediments (No.2) added with Fe in
different concentrations.
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Fig 63. Growth of sulfate reducers in the

coarse sediments (No.2) added with Fe
in different concentrations.
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Fig. 65. Change of ionic Fe™ concentration
in the coarse sediments (No.2) added with
Fe in different concentrations.

Fig. 64. Reduction of ferric iron in the
coarse sediments (No.2) added with

Fe in different concentrations.
-«0--: sample J; —@—: sample K; --()--: sample J; —@—: sample K;
— e+« —x-—+—: sample L. —= s —X—+-—: sample L.

4) ﬁk%zﬁ%ﬁ%$@ﬁk%%ﬁ%w,%%ME®%M%®@E%L#okOﬁ%ﬁmm%m,ﬁ
B EoRBHe b B S ooy » 722, KBREs e ) 0ER BRI, FoRIEnEo/ N

bDEERED T,
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Incubation time (days) Fig. 67. Amount of free hydrogen sulfide
Fig. 66. Production of sulfides in the in the overlying water of the coarse
coarse sediments (No.2) added with sediments (No.2) added with Fe in
Fe in different concentrations. different concentrations.
--(O-=: sample J; —@—: sample K; --(--: sample J; —@—: sample K;
— +—X-—+—: sample L. : — o —%-—+ —: sample L.

2. % g

LOWESERY L, RBETEOMENSSIRIMED ST bLT, LA LERRSED 120
3, BUIOEED Es o s £ —Ee L Lhviness, B5ECAhD L hEAMLRCSBORIFEL
T DTERMELD Db it b DL Bbhbe LovL, FGHERREC RN PERS
bh, EEEDROFIYEIFEDL L DIZEKREL, —T7, KhOBEER(LKEZEEDO L\ EED
T ot o Z ORI, BRIOHEERYC OV TORRVICE T, H{LYERCSEEOFERA LT,
KB RD LD 0 b LT EERLAREL R Shich -7 2L EFEXHE TR .

SR ORERETRIC EBC S ¥ h A oL, HARIU5RCHS LK D HRHEARE TS50 b,
SHBOBRRC O LS HEE SO TR, —F, HEPETFORESHILE 6 BORT LB T,

Table 6.  Distribution of particle size in basal mud (by pipette method) .

Distribution of particle size (95 of dried mud)

Basal mud - - - - Name
Coarse sand Fine sand Silt Clay
No. 1 8.9 33.7 36.8 21.0 Clay. loam
No. 2 o185 58.2 15.2 . 8.3 Fine sandy loam

* LB, WEHAEEE pH EEORCIL, £ BRSR BRI

— 77 —



78 B e = AT 14 (2)

MEEICE LOHRESS 0, B (YD OFERO & DI MR Ety clay loam (L) TH 50t LT,
o (VD EBRTIPCEL fine sandy loam (MWEL) THE0 D, KL HL 20X 5 e RFEHERD
ﬁﬁ%ébm:hﬁﬁ%?éﬁB#@%ﬁﬁ,L®%%%%it%@&%bhéo :
el « LR3I K B BED YK incubation SEBIC 3\~ C, WEEERRILKEE DI VVEVE £ ClKER bgkD
WINZ X » T2 BAORK LT, BRE R OGRS NI Mmool b2 5T, BiRdhics g
o a g FAIL DRI LEEEL DL 50, HOHVERMALLOTHEIEHC L - T#EFILKEEOES
BTt TH S5 LR TZ,

Lo LREROBRTE, EERRC, Az a1 F2% 0 EABR B EL TP~ ORLRRDOR
Haied, Bz v A FOPROBEL TR IhOBEHA AR, 20 Lk, HELHOHSZVITE
Mo ow o FORLAREEE LOT C Cholia Mz ot LT, BEERCHEET 5ECILZ OfFE
B Ay, HAWEZOMEIER LBEEOH B EE 2 v A FRARBELTHABRD TINS5 £ LT,
Az BRI KB EENIFL AR LEE LT WK EL L, Z OBEWE U THLKSE Obeat 4 315
LIcDCikiein b5 e BB A RAGEER VI BT, ZOHAED Eh, pH, 28085, 14 VIR
2R T ARERIMBEOEERMIL D KEN 70D &, JOEFEMMHBEENDD LSRRz b, T,
BB LT R OF LB SRRINED I & & LA Lic, KPEFEORLAROLE & EHER
Yot DLRE L HEbelo 2 piEE (Rt 12g &K 100m! FofE) %, $EFED0S
P LTRERBELLS, Tihbd, ZORSEE LCORIHEEERISGESHARDOLIIT L -
T EL T, ERINICHKFE ORI DSEMEEY T CREER ) & U CEE Ik, X
F DT ) DES DT E E U TOKPABHE LichoEicT 870 L 5 cBbnbd. SOOI 570
RPT LT, EESPCE IR TCOIBRICER 2 » 4 FOIES S WITHEEICOWT, %< ORE
PRI AT B,

ZOBELL3® 3, ¥GEMRY-FOMAOKEIIHEBWREN NI BB EL N2 E2HR T, ZhikEil
IR FN SR AELEEEEYEEENEVC EN EAEATHIL L L, I B TOMD Bl T
%o OPPENHEIMERY %, /NHIEED big 2 EHREY CLIE oL B AL EHAERREIKRE ., Fl/s
EO%ES, MER IOTOBELEDORENMRL, ThOBRBHINCREBLH D LR Tuv 5, i1,
VOLKMANN » OpPENHEIMERD 1L, BEHEH COBBYOSRIMELF L b bWELFTONR
ERTHDH I Lamicst, OPPENHEIMEROILZ DA E LT, BEIZOMBHCILE D TAEEOBE
WNEAET B 2%, BB LA RIS & W D TR DR AT LAvER L b E LT %o £5
RO, EHEREYTOERY A ATRIAER &, MECEERCIFIA S WG EE TR oL 5 ERY
LICE AL TE L L B E RN T B RICR L7cEEE - WIBDDO%TIL, Z OFECHET BT
Do

ZOFBRTIHELEWELOMICIL, A, MBRTEHOHMER XOEh bOERICERNZERN R
EAEBBRED w2, SRR E FACURERICERY SRR bR DT, BEYECH
e DTFAETLEBIC BT A AR ONENZ L A ERBERich - fcled EEL bR b TOZ LIIKHE, KA
DB CUIREROERZOLO X 0T, L LATHEAWM T 2ET (AR ORE L)
MERTHLHIEXBLELLDOTH T, —RICHMBEI DI COEELECEE2 DR TV 2EL
THoTh, [MErORETHHRERDAECHEBIhIUE, HEOME L BRI+ ET s &
RTADTHAD,

EHR YR VT A O & EECRT A HEBERIR OB OWTL, X Hicsk { ORRNER
SNIT T b0, EOEERE» D, RBETEHOSHEW SFLWEESD 5\ LR LA R &
BRIARR L ORI EDH D Z L2VHEB IND . AT aiiboEhiiE s L GEMRILKRC X
5EHbNEDT, REMAROHEES D LT OBERT X AW KFilE g oERL, KEEEEXL
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DTHERKTHDHEELBND,

3. = ¥

EHER P BT 2HER T E O M & F LR, X0 FOOMAEDERC ks X HEY T O
HEDOZELW I B, FEARDRLAEEM AR Riker e —A AR ¥inz, &
KEH2 LT 30°C 12 incubate L., ¥ DEEREL,

1) WELTL, $EFEOEVLOERSERDTFORDERNE L, Kb ~OBEERILAZEOER
WPIeh olemt, —F, HELOGECIIHEYERCY T 28#EEREOFERL LT, ¥EDfas
W TH BB LR RDORPA~NDOBEHAZZD b ieh s T, DI &1L, KB TORMEER X O
BRILRBRECH T B ORREAR, H5 Lo hEBET AR LAOBEROEA Y RT LD TH S
5o

2) BERUFABECHZ bRl OFREFT TR, WELEIBELE oM, —Bi0E, Mk
TEEHDWETER L ONERCE L A RN LDk » e 2 &b, FHERHARY BT 5 KRB LS
NHMEDWIE & IEEOERT, REAROMEC XS X0, ZOMHBRCEETA2ERDOBINS DT
BOLERCI20 TRV EHEHI RS,

BESLUHER

BRRCRT AMEDC L 5 EED— L, Y25, YAFA VHIIAF A= VIR EERHT
I BOSRCH L &3¢, GUNKELDH? 1L, = DiEE & oMEOBEEREYRC KT 506 REE,
HILEMOFEMRROBEREI LT, DX el X a5t EER s ) OG5 LD 5 BEND
HEHHML T3, LLhe, BRACKINOERER(LEDD Ok £ ET HMENA RE S,
T DAEBE I RRETLER LA EEb ) —BEEROR CHD D EE A ELOTHECLE IL T &
1552, LiL, COEEEOE 2L, FOBRRTAEEROEI LG LLERT AL DO TILE
Vo HEERVICLDE, ST I/ BE D OWBRILKREEROEEL, BE, RBETHEHOZTHIZL BN
T EL, LnbSROFKEL ER{ETIRE bW EOBMEIE LIl E %, BFOEHEEY
FUCRTHEESIT I/ BOTR LR Eh ip EOREELML, Z OMEOIEBRRIEECE »C, 3k
KEARTH LS, Lictis T, MBERZDBKIICEAERERDNE CCBEBCHEBINHED LS
R EERRCTR, BEOBREBEECKT A5MILMEET, KHS, HBRETHEC L AHEBEORT
kT s EELBRD,

L CDRARNIC L S, T OFEBRIIBEMIC U 2 A BFRE LR EERoPHIEM E LT, BEE
B 7 vEERENCHLLC, MAEDWREFRONREEY, HhERLFLE LURENCERLL S &
BRAICLDTH D, BEH W EERET O A AEEBRYRCRT 5, TiERETTHE DM & ity e
R IO N EBEDSH T« OBEHRBICST 5 AT OEELYRRE LI L 25, EHEDHC KT
ATERETE OB & G, —TREER L OSSR b CREEROEEY b TERRCE
A ERBELLTIL T,

TORREBETHE, DEDLRD TH D,

1. 15~30°C DREHMETIL, BEOLFL & LI OMEOME LML EERE EFCHERT %,
2. WKBEBENGE Te A3 E Z OMEOEENREN, KRBT bR ELDBKEERERER

IERICHEET 52, ChADAEY&bE o REZBREEMEEOSECh1h LT T ABRETH -

T, W& b7 S AL ER R BEBESTOHEETAE D) BN BEC I » TR LA LCEELZT

7ol
3. ZOMBEOWIR JOVERY, TFAEBYRENSLBIRE, T TELIREIRD,
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4. ZOMENESEFNRATE S ERLEIOROBECE OGN D DT, FRDOBEC X » T OFAEC
WSEEARBRAM, ir—AD LS I B ESEEOFEY TH » THLHEFMECE L X L »C
Trby e Bkt A R ER AT E L H bbb,

5. ZOMET X AT EECK LT, SRENT, < v VIZIEMCERET 5. HERPKT ORE
PR E U & TR ANEE LR ESNBH Loy, R difiT 2,

Irks, EHREYRTRT 5 BINIRBOREEE R L O O s THAL A BB L D 5 LBV Tk
FEHR 1 TR BT Licht, EDFEERLE L THE A OREILMNET Th & OARRERCIIEN =L, &6
ko T, HOBECEYORED D ITRTENA DT EL .

PLED = FAERCEbALERL, S XOMPBEEED 5\ LES %%%%”ﬂﬂ@&mhiofﬁﬁk
CHBAXN, —F, REKRCHT AEHMBAEYODEREY ISHRE LTS, ChbOEEROERY ¥
LT, @%@ﬁ@ﬁiﬁh%#hkﬁéﬁ&%@é&,%@@ﬁ&&,uhK%ﬂ%%;m?%@FW%
ﬁ@ﬁ%ﬁmouc FREICESELTARL D, ,

INEBERD 5\ A O KIROEREE RCR bR TS DOERIT, 3EA KRS, TWEEILET
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