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Fig. 1. Colonies on xylan plate surrounded by the clear zone.
The clear zone indicates the decomposition of xylan.

Table 1. Xylan-decomposing activity of the bacteria isolated from colonies grown on

xylan agar plate and surrounded by clear zone.

Strain Presa;nco Xylan-decomposing activity N
No. clezu(”)zone Absorbamte gf Degx:ecf of acterial source
culture fluid activity
WS 15 none 0.00 - Rotten wheat straw in the sea
RA 2 opaque 0.03 + Porphyra sp.
WS 9 opaque 0.06 + Rotten wheat straw in the sea
GA 2 clear 0.19 + Enteromorpha sp.
WS 36 clear 0.34 A+ 4 Rotten wheat straw in the sea
GA 6 clear 0.42 + 4+ Ulva pertusa
W 6 clear 0.48 + 4 Seawater
WS 1 clear 0.54 + + Rotten wheat straw in the sea
GA 1 clear 0.21 + Ulva pertusa
WS 24 clear 0.44 4 b Rotten wheat straw in the sea

* Ethanol was added to the culture fluid which had been incubated at 25°C for 5 days, and
the precipitate formed was removed by filtration.
The phenol-sulfuric acid method was applied to the filirate and the absorbance was de-
termined at 517 nm.
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Table 2. Compositions of culture media tested for isolation and enumeration of aerobic

xylan-decomposing bacteria in coastal waters.

M‘l’\(]i(i)“m Composition of medium Remarks
B— 1 (NH,JS(), 1.0g, K,HPO, 0.5g, MgSO, - 7H,0 0.5g,  Modified medmm of
CaCl, 0.1g,.FeCl; 0.01g, NaCl 30g, Xylan 10g, Aol et al ™

Agar 10g, Dlsulkd water 1,000m/, pH 7.5

B— 2 (NH,),HPO, 0.5g, K,HPO, 0.5g, MgSO, 0.1g, Modified medium of
CaCl, 0.1g, F eSO, 0.01g, NaCl 30g, Xylan 10g, WAKSMAN et al*"
Agar 10g, Distilled water 1,000m/, pH 7.5

B— 3 (NH).HPO,; 1.0g, MgSO, - 7H,0 0.2g, KCl 0.2g, Modified IWA TA'S
NaCl 30g, Xylan 10g, Agar 10g, Distilled medium A®Y
water 1,000m/{, pH 7.5

B— 4 Peptone 10g, Meat extract 10g, Xylan 10g, Modified IwaTa's
Agar 10g, Filtered seawater 1,000m/ pH 7.5 medium B>

B— 5 NH,NO; 1.0g, K.HPO, 0.5g, MgSO, + 7TH,0 0.2g, Modified S({)l\l NSEN's
FeCl, 0.02g, NaCl 30g, Xylan 10g, Agar 10g, medium A*
Distilled water 1,000m/, pH 7.5

B- 6 Aspdragme 1.0g, Yeast extract 1.0g, K,HPO, Modified Sy)Rl NSEN's
0.5g, FeCl,; 0.02g, NaCl 30g, Xylan 10g, medium B
Agar 10g, D!snl ed water 1,000m/{, pH 7.5

B— 7 Pepton 2.0.g, Meat extract 2.0g, K,;HPO, 0.5g, Modified medium of
MgS0, 0.5g, NaCl 30g, Xylan 10g, Agar 10g, INAOKA et al ™
Distilled water 1,000m/, pH 7.5

B— 8 (NH,),HPO, 0.2g, Meat extract 0.2g, MgSO, - 7H,O  Modified INAOKA'S
0.2g, KCI 0.2g, NaCl 30g, Xylan 10g, Agar 10g, medium A
Distilled water 1,000m/, pH 7.5

B— 9 Meat extract 2.0g, K,HPO, 0.2g, MgSOy 0.2g, Modified INAOKAS
KCl 0.2g, NaCl 30g, Xylan 10g, Agar 10g, medium B®”
Distilled water 1,000m/, pH 7.5

B—10  Peptone 5.0g, Yeast extract 1.0g, FePO, * 4H,0 Moc ified ZOBELL
0.1g, Xylan 10g, Agar 10g, Filtered seawater 2216 E medium*®
1,000m{, pH 7.5

B~11 Peptone 5.0g, {Yeast extract 1.0g, Xylan 10g, Modified ZoBg L,

Agar 10g, Filtered seawater 1,000m{, pH 7.5

2216 E medium™
(FePO, free)

The substrate was a crude xylan prepared from wheat straw by the method of WHISTLER et o™

W & L7
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Table 3. Numbers of aerobic xylan-decomposing bacteria
in various media counted by the pour plate method.

Aerobic Aerobic xylan Average
Medium heterotrophic -decomposing diameter of
No. bacteria bacteria clear zone
(CFU/g) (CFU/g) (mm)
B~ 1 3.0%10* 1.2X10? 8.6
B- 2 1.5X10* 40X 10* 16.9
B- 3 1.5% 10 25X 10 4.3
B- 4 23X 10° 30X 10%** 20%*
B- 5 20X 107 7.5% 10 8.8
B- 6 65% 101 3.0%10° 9.4
B- 7 20X 108 4.5% 10 9.9
B- 8 5.0% 10* 14X 10 8.2
B- 9 17X 10° 2.5% 10° 10.1
B-10 3.0%10° 3.5%10% 8.4
B-11 45X 10° 25X 10°% 30.0

*The clear zone indicates that xylan was decomposed.
** Detection of the clear zone was difficult.
Sample was collected from the bottom sediments in Yoshimi Bay.
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(Im))
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O

R

Supernatant Residue

Dissolved 10% NaOH 2m/
Diluted with distilled water
(5 or 10 times)

Hemicellulose [Phenol-sulfuric
solution acid method

Fig. 2. Procedure for determination of decomposition
(%) of hemicellulose.
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Table 5. Numbers of aerobic Hemicellulose-decomposing bacteria

counted by the successive dilution method.
Xylan-decomposing bacteria Glucomannan-decomposing bacteria
Dilution Tube s it
e . Decomposition  Number of N oy Pecomposition  Number of
of sample No. rate of xylan positive MPZ\’] PEr rate of gluco- positive MPN per
(%) tube 8 mannan (%) whbe g
1 814 86.3
10 2 819 3/3 81.2 3/3 9.3% 10
3 83.2 80.0
. 1 81.8 . 715
1077 2 711 3/3 48%10° 774 2/3
3 238 0
, 1 79.0 0
107" 2 0 1/3 0 0/3
3 3.6 4.5

*Positive wbe 210.0% (decomposition rate).
Sample was collected from the bottom sediments in Yosimi Bay.

Table 6. Comparison of numbers of aerobic xylan-decomposing bacteria

counted by different methods.

. Sample A Sample B
Methods Substrates (CF U/g, or MPN/g)  (CFU/g or MPN/g)
Medium B-10 5 . 5
> Lot e .
Pour plate method (without substrate xylan) 1.2 10 13X 10
Pour plate method Wheat straw xylan 45% 10" 7.5 10°
5?&2??&‘;;23:’;5“1 Wheat straw xylan 11X 10° 39% 101
Suceessive dilution Softwood xylan 23X 10% 48X 107

(MPN) method

Samples were collected from the bottom sediments in Yosimi Bay.

N 0
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Table 7. Compositions of media {or anaerobic bacteria,

Medium ANH
({or anaerobic

heterotrophic bacteria)

Medium ANG
(for anaerobic hemicellulose
~decomposing bacteria)

Peptone 50 g
Yeast extract 1.0 g
FePO,+4H,0 0.01 g
Sodium thioglycollate 03 g
1-Cystine hydrochloride 02 g
Sodium resazurate 0.001 %
Filtered seawater 1,000 m!

pH 7.5

Peptone 50 g
Yeast extract 1.0 g
FePO,4H,0 0.0l g
Sodium thioglycollate 03 g
L.-Cystine hydrochloride 02 g
Sodium resazurate 0.001 %
Hemicellulose 20 g
Filtered seawater 1,000 m/

pH 7.5
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Table 8. Numbers of anaerobic xylan-decomposing bacteria
counted by the successive dilution method.

Sample A Sample B
(13{1!;{:;??10 I&l{))e Decomposition  Number of MPN per Decomposition  Number of MPN per
samy ~ rate of xylan positive, rate of xylan positive, ,l :
(%) tube (%) tube g
. 1 30.4 27.0
107 2 47.5 3/3 211 3/3
3 41.7 34.1
1 494 22.5
10 2 0 2/3 15% 10! 28.6 3/3 4.3% 10"
3 61.4 26.5
1 89 0
107° 2 0 0/3 13.0 1/3
3 0 0
‘ 1 219 1.2
1078 2 0 /3 1.2 0/3
3 5.9 0
*Positive tube Z10.0% (decomposition rate).
Samples were collected from the bottom sediments in Yosimi Bay.
Table 8. Comparison of numbers of anaerobic xylan-decomposing bacteria
counted by different methods.
Anaerobic heterotrophic Anaerobic xylan-decomposing
Methods bacteria (CFU/g or MPN/g) bacteria (CFU/g or MPN/g)
Sample A Sample B Sample A Sample B

Pour plate method 0.0% 10° 35 100 6.0 10° LIX 1%
using anaerobic jar 9.0 e . :

Successive dilution 5 I % 10" 5% 10 a3 10
(MPN) method 2.4 X 10 75X 10 LEX 10 43X
Samples were collected from the bottom sediments in Yosimi Bay.
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WhBHLDEEbils, To EDORFMMM % Table 10 127579,
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Table 10. Compositions of culture media tested for enumeration of
xylan-decomposing molds and actinomycetes in coastal waters,
M?jl;um Composition of medium Remarks
Fe Yeast extract 1.0g, Glucose 10g, Xylan 10g, Modified medium of
Agar 15g, Filtered seawater 1,000m/{, pH 7.5 MEYERS et al®
Peptone 0.1g, Glucose 1.0g, K,HPO, 0.05g, N N
F—2 Ferrie citrate 0.01g, Xylan 10g, Agar 15g, 1}\?)(:{(,1\}2‘)3 if;tfi,ll,{l;l\ B of
Filtered seawater 1,000m/, pH 7.5 ¢
Sucrese 30g, NaNQO; 2.0g, K,.HPO, 1.0g,
F—3 KGI 0.5g, MgSO,-7H,O 0.5g, FeSO; 10mg, Modified meek Dox
' NaCl 25¢, Xylan 10g, Agar 15g, Distilled agar medium®™
water 1,000m/, pH 7.5
Yeast extract 4.0g, Soluble starch 15g,
Fed K HPO, LOg, MgSO,- TH.O 0.5g, NaCl 25g, Modified Ene RSON's
Xylan 10g, Agar 15g, Distilled water medium A™
LO0Om/, pH 7.5
Soluble starch 10g, Casein (dissolved in NaOH) Modified mec hum A of
Ac—1 1.0g, Xylan 10g, Agar 15g, Filtered (Jli);(]l\l (,C[ al'™
seawater 1,000m/, pH 7.5
Ac—2 1.- Asparagine 0.5g, Xylan 10g, Agar 15g, Modified medium B of
ce Filtered seawater 1,000m/, pH 7.5 GREIN et al®
Glycerol 20g, 1~Arginine 2.5g, CaCOj, 0.1g,
Ae—y  FeSO.THO 0.1g, MgSO,-7HLO 0.1g, 1 Nt 25g, I‘\}O(‘m“ m‘;’f}lm of
* Xyldn 10g, Ag,dr 15g, Distilled water ORTER el a
1,000m{, pH 7
Glycerol 20g, Glycine 2.5g, K,HPO, 1.0g, Modifiec
Ac—d FeSO, 7TH.0 0.1g, MgSO,+7H.,0 0. 1;,, CaCO, ] ‘\’“{f s
¢ 0.1g, Na( 25g, Xylan 10g, A;,ar 15g, ”‘)'é(i;‘;nl.,;,
Distilled water 1,000m/, pH 7.5
Streptomyein sulfate was added o each agar medium at the level of 40 g per mZ
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Table 11. Numbers of xylan-decomposing molds and actinomyeetes
in various media counted by the spread plate method.

) Molds Actinomycetes
Medium -~ -
No. Total plate Xylan-decom- Total plate Xylan-decom-
count posing count count posing count
(CFU/p) (CFU/) (CFU/g) (CFU/g)

F—1 6x 10 2K 102 5% 10° 1% 10%*

Fe2 3x10* - 1% 10° -

F—3 5% 10% - 1% 10% -

F—4 4 10% 2% 10° IX1° 1% 0%
Ac—1 2 10% 2 1? 2% 10° -
Ac—2 30 - 1x10? -
Ac—3 1% 107 - 3xp -
Ac—4 3x10? - - -

*Detection of the xyl(m decomposing zone was dlfflcult
— Not detected on minimum dilution plate (1077).
Sample was collected from the bottom sediments in Yoshimi Bay.
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Fig. 3. Location of sampling stations in Hiro Bay.
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SEARETEEEIC & Y, SESRG IR B SO TR IR SR 1
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B, BAEORREHEREH oMK % Table 12 127R 9
# #®

yraw vk LTIRBREERAS, Timel Ok
Il LMo B Yy, 250 ELT
WANEDED S S WiisTLEr b O FEIC L DI L7
ME 7 rxlviz,

A F ORE
MR DK, pH, R, COD B &L UFSS Difilsgix%

™ Vs ko k. UV LR 0 J e L
THRO S pm DIVRT 74N F—I2L 0 HHELIA
WO % 10mm £ % vy, 250nm & & UF 280 nm
OPRTE Uze BRI R L3RS 80 vy,
Hanoa 7075 i Cills L 720

m R

IR B B ik R OUF SRR SRR 8k, WSt~
3L - AL U&7V v 2 o S IR
B L UREF S 9 BWAED, RSB E L
BRI DT, 19794E A 51981412 72 b, AR
5 EIBAT L, Table I3 124 #MR %172,

A R O WS RE IR SRS 13 101 ~107 CFU/md,
WP 7 IV = o v ARSI 20 101 ~10° MPN,/ m/,
PR F 2 9 v IR 0 101 ~10°% CFU/ mY, 98K
SRR EOE 101 ~10° CFU/ mICdh o 72 B
RS, BN L ke b ORI ER LSS, iR
O migB LU 1 m Bk Cw d, BERK TR AT
Bobhre, 4, BYEKHTFICoW TSk, COD,
UV IRIELE L OB BRI g S 1 @ 0 m BTl
S # <, THBER OB HER CHI T 58 85 0 S /K 125k
KBATWBZERPFLTHD, SO 0 mgERiTiE,
COD #70.4~4.7 ppm, UV WL (250nm) #%0. 011~
0.063, BB ARILHAT0.05~1.44 )L — A « mg
SUTHY, 1 m AR TR KT R R o
AR S,

Table 12, Compositions of media for enumeration of aerobic bacteria.

Medium H ‘
(for aerobic heterotrophic bacteria

Medium B—10
(for aerobic xylan-decomposing

and agar-decomposing bacteria, bacteria)
ZOBELL 2216 E medium)

Peptone 50 g
Peptone 50 g Yeast extract 1.0 g
Yeast extract 10 g FePQO,4H,0 0lg
FePQ,+4H,0 0lg Xylan 10 g
Agar 10 g Agar 10 g
Filtered seawater 1,000 m/ Filtered seawater 1,000 m{

pH'75 pH 75
Medium G Medium C

(for aerobic hemicellulose
-decomposing bacteria)

{for aerobic cellulose-decomposing
bacteria, KapoTa's medium)

Peptone 50 g
Yeast extract 1.0 g
FePO,-4H,0 0.1g
Hemicelluose 20 g
Filtered seawater 1,000 m/

pH 7.5

NaNO, 05 g
K,HPO, 10 g
MgSO,* TH,0 05 ¢
FeSO, 7TH.O 0.01g
A strip of {ilter paper

Filtered seawater 1,000 m{

pH 7.5

*Modified ZoBELL 2216 E medium.
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in seawater in Hiro Bay.

The population densities of various groups of aerobic bacteria and the

127

environmental conditions

¥ ¥ oo o o

g = o E g By £ . §8 . 2 2

2 e | Bz ax | T = = w < < EE: R+ EEC g2 gt

AT | = F < < | Bt TE 335 | ZTE | <73

(Glucose

m) | O (%0) |(ppm) [(mg/7)] 250nm | 280nm | mg/H)[(CFU/m{) [(MPN/m{)[ (CFU/m{y(CFU/m{)
0 | 168 | 7.2 | 1040 | 57.2 | 184 | 0268 | 0203 | 1207 | 3.1X10° 70X10° | 1LOX10?
1 b 115 | 83 1811 26 | 134 | 0063 @ 0045 taa | 41xi0? BOX10% | 60X107

4 | 110 | 83| 1846 1.3 | 214 | 0049 | 0028 073 | 35x10° 31x10° | 75X10
Y I | 115 | 84| 1842 18 | 96| 0036 | 0020 009 | 7.0x10° 47X10* | 7.0X 107
- 6 | 113 | 83| 1843 23 | 98| 0022 0015 0.10 | 46x10° 35X10° | 7.0X10%
Feb. | 1 115 | 83 | 1805 33 | 146 | 0037 | 0023 102 | 4.2X10° LIX16* | 45X107
20, 7 | 113 | 83| 1849 1.5 | 64 | 0044 | 0029 040 | 23%x10° 30X10° | 50X10°
1979 4 1 116 | 83| 1842 L7 | 138 | 0039 0027 031 | 43x10° 27X10° | 40X 107
7 1 112 | 83 | 1838 18 | 22| 0030 0018 0.29 | 36x10° 25X10° | 60X 10%
5 1 115 | 83 | 1846 LO | 96 | 0058 | 0041 005 | 21xXw? BOXI10* | 5.0X107
: 10 ] 110 | 83 1849 23 | 54| o021 0021 0.08 | 38X10* 27X10° | LOX10%
1 11118 | 83 1816 | 21 | 188 | 0034y 0023 | 020 [ 82X10° 80X10° | 10X10°
0 | 222 180 1590 14 | 32| 0040 | 0.030 083 | 47X10° | 24x10° | 238Xx10° | 16X10!
1 I | 212 | 82 17.64 1.0 14 | 0026 | 0019 | 052 | 53X10° | 93x10' | LOXI0® | 40X10%
4 | 210 | B2 17.89 0.8 34 | 0022 | 0017 053 | 72x10° | 9.1x10' | 3.0X10! 12X 10°
” 1| 209 | 81| 1746 10 | 06| 0021 | 0014 047 | 15X10" | 15X10° | 18X10° | 24X10°
“ 8 | 208 | 82| 1818 06 | 58| 0017 | 0013 053 | LOXI10% | 23X10° | LOX10' | 50x10!
Jun. 3 1| 210 | 82 1762 | LO| 28| 0025 | 0019 | 051 | L8X10' | 24x10° | 24X10° | L7X1¢8
13?-() ' & | 208 |82 1789 | 08 | 50| 0020 | 0015 | 049 | 33X10" | 36X10% | 70X10' | 6.0X10!
R 1| 208 (82 1798 | 09| 28| 0017 | 0012 | 048 | 33X10° | 4.3X10° | 50Xx10' | 83Xx1?
7 | 210 | 82 1817 0.5 58 | 0026 | 0021 038 | 59X10° | 24X10° | 3.0X10! 4.0x 10
5 1 | 2L0 | 82| 1774 0.8 | 34| 0022 0017 045 | 21X10° | 4.8x107 | 13xX10° | 37X10!
10 ] 208 |82 181R 0.4 60 | 0018 | 0014 032 | 37x10° | 24X10° | 6.0X10! 11X 10%
6 1] 210 1821 1744 0.9 24 | 0024 | 0019 035 | 33x10° | 9.3x10* | 9.0%x10 2.5%10°
0 | 300 |74 1243 | 258 | 132 | 0.210 | 0174 743 | 4.3%10° 10° LIX10% | 7.0%10°
1 1] 263 | 80 17.80 13 | 112 | 0021 | 0015 0.79 | 4.1x10° 10° 16X 100 | L2x10®
4 | 263 |82 1787 08 | 68| 0028 | 0.027 0.60 | 70x10° 10! 30X 10} LOX 10!
2 1| 262 | 81 1760 | 15| 126 | 0042 | 0033 | 068 | 31X10° 10° L7X10' 1 13X10°
8 | 260 |81 17.93 09 | 102 | 0022 | 0018 051 | 13X10° 100 <KLOX10Y | <1010}
Sept. | 4 1| 262|811 1781 | LO | 56 | 0028 | 0024 | 0853 | 40X10° 10° 8OX10* | 15X10°
]8.79 10 | 260 | 80| 1793 0.8 | 118 | 0030 | 0.022 051 | 35X%10 10! <1LOX10' | <LOX 10!
4 1| 258 | 811 1785 | L0 | 56| 0021 | 0016 | 048 | 51X10° 10° 40X10° | <10X10!
8§ | 260 |81 1793 08 | 76| 0016 | 0015 053 | 6.1x10! 10! <LOX10' | <1LOX 10!
5 1} 261 |81 17.75 10 | 114 | 0025 | 0.020 040 | 24X%10° 10 20X100 | 10x10!
11 | 258 | 82| 17.95 08 | 130 | 0025 | 0022 0.56 | 54X10° 107 LEX10% | 63%10°
6 1 260 | 82 | 1756 09 | 132 | 0024 | 0019 043 | 56X10° 10 50X 10! 50X 10!
| 0 | 248 | 731 970 | 370 52| 0341 | 0281 | 1121 | 1L6X10' | 60X10° 35%10°
1 183 | 84 | 1707 2.1 88 | 0023 | 0025 085 | 1.0X10* | 65X10° 27% 107
Nov 2 1 178 | 84 | 17.15 1.6 22 | 0026 | 0022 075 | 28%10* | 7.0x10° 70X 10*
27,1 3 1 175 | 84 | 17.26 1.7 64 | 0032 | 0035 059 | LIX10* | 60x10* 2.4%10%
1980 1 4 1 | 176 | 84| 1741 | 17, 78| 0016 | 0020 | 073 | 7.7X10° | 50X10° 22X 10%
5 1 17.1 | 84 | 17.58 1.5 42 | 0014 | 0016 095 | 56%10° | 50x10° 22%10%
6 1 176 | 84 | 1765 | 06 | 44 1 0011 | 0016 0.73 | 14X10% | 50%x10% 13X 10*
0 | 90 |83 1726 | 27 | 124 | 0033 | 0020 | 080 | 40X10¢ 8OX107 | 20%10!
1 1 1100 | 82 1758 | 28 | 400 | 0.032 | 0021 090 | 1ox10° 58%10° | 85X 107
Feb. 35 9.0 | 83| 1773 | 47 | 700 ; 0014 | 0018 090 | 85x10° 9.8X10° | 15X 107
| 3%1 3 1 90 | 83| 1775 | 21 | 252 0023 | 0020 | 050 | 34%10° 19X107 | 15X10!
981 | 951 90 831 1779 | 23| 316 | 0018 | 0010 050 | 24x 10 36X10" | 24X10%
5 1 80 | 84 | 17.72 2.8 68 1 0017 | 0018 070 | 47%10° 21%10° | 53x%x10!

AN : Approximate numbers of bacteria enumerated by the successive dilution method.



128 #

5 B

LB B B lR P OIF R TR A e s B0 d, 107 ~
107 CFU/mi T Y, #5650 Oxuran 520148
WA BT BAH L IRIIRIBE ORI Ch o 72, &<
12, 9 AM® 105 ~107 DBHEATIE Okurant & @ [# 151U
DFFRBOFETTHHBRLTEY, BBEOAOEMIZS
VARERBIBIGCCIE e K, R L TBERIEA DB
SRS O U R G, AT AR DR IR SN B o0
BiMErs s b0l Bbh s,

RAZ, BRI B OB ED % M5 700, BB
BRSO DL IR S B B 5 B IR 3
Aol ¥ = G A0 e O SRRl 20 & DN HEHER
A, 1 m ERHER &R K & 1250 T Table 14 12554,

1 m B COBEBERAAIT

- ST s S AR M 0 1,
7% T EDSMIEBHMER IR Sl d oz, —7,
AN L K T S SR K A AN T, 1 m e
AT CEIE D & B~ T ORI <, BEKCI
Bt & WA TR e ZHIRATES S e, 3
b, AFIZE 1 m B HEK & R K T o % B
BUDIITE B CH %, HE, WHRL KR LA DI
L7chs o C, Wil oo EERIERE {4, HITHE
Bl & & EREIMBLE A s 2 B,

B 6L, FEVETER SO U S AU o
O IR BB L O RN D o L i B oo M

LECTE S PBETH —05), BETIE (3 —20)
LA AR L7z Lo L, MMM &8 Y

1 m REilER & BRI OR & ORI IZ SRS R ORI
O LY, FIEW T & OB TR O R v
Lok Bbhs,

ERED LI, BB B BIFAMEA T b — AR
M OLHEAELLAY 1/10~1/100 & REWZ &, B/
THEKGA MR T B HERR ARSI BT L, RS
T A O 1 /10CH B2 E (2 - 5)
LRI AR L b DL F AL, —F, EHEIHET
HHERETE, WRKPOTFEIES 2 9 & 5T O LR
eid 1/1000~ 1 /10000 & JEFI /NS WERHEASHE S O
H {200,

Vb Z & e, IR 29 & s 2 & olfs~

I - AGRATE ORISR E VI &k, 7T
KAHEIZ B BB EE LN D,

je:d

23 REBIIBUDIERTDOAI IO~ EMED
a9

W CIAL I B DR P O &~ T b o — A5
AN O AT Iz DWTHAE L, 790 ZBERIE AHFRIZ BT
BUFGEEA 2 AL W — RSMRHITE OFETE L 7 & ORI D
WUER Lz, KT, FRIGEHYHOEOE L VIR
PHIUZ BB T - AR O 5 12 TR
L7z

Table 14. The bacterial populations and the ratio of aerobic hemicellulose-decomposing bacteria
to aerobic heterotrophic bacteria in different seasons in seawater in Hiro Bay.

Feb. Jun. Sept. Nov. Total
log of aerobic heterotrophic I'mlayer 35105 3.81+04 5315 39404 4.0+1.0
bacteria (H) in CFU/m/ Bottom layer 36402 3404 32414 34408
log of aerobic glucomannan |y lyyer 26505 35+ 1.6 3.740.1 33411
-decomposing bacteria ] , .
(G)in MPN or AN/m/  Bottom layer 2.340.2 1.6+049 20407
log of aerobic xylan-decomposing 1 m layer 3006 2.14+0.2 28% 1.4 27409
bacteria (X) in CFU/m/ Bottom layer 30407 15403 13405 21+1.0
log of agar-decomposing I m layer 25106 26103 32421 34102 29+ 1.1
bacteria in CFU/m! Bottom layer 254204 1.8+0.2 163 1.3 20408
| f ratio (G./H) 1 m layer =~ 1.1£086 - 18103 —~0.1£04 ~1.0+0.8
og of ratio -
8 © Bottom layer ~11#06  —16%11 ~13%09
o of ratio (X1 1 m layer —054+04  —17103  —24+04 ~14%09
og of ratio 3
. ( ) Bottom layer ~0.6£0.7 ~19+05 ~L9+11

~ 14110

Each value shows mean + standard deviation.
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Table 15. Compositions of media for enumeration of anaerobic bacteria,

Medium ANH

(for anaerpbic heterotrophic

Medium ANG

(for anaerobic hemicellulose

bacteria) -decomposing bacteria)
Peptone 50 g Peptone 35 g
Yeast extract 10 g Yeast extract 10 g
FePO, » 4H.O 0.01g FePO, « 4H,0 0.01g
Sodium thioglycollate 03 g Sodium thioglycollate 0.3 g
L.-Cystine hydrochloride 02 g 1.-Cystine hydrochloride 02 g
Sodium resazurate 0.001 % Sodium resazurate 0.001 %
Filtered seawater 1,000 m! Hemicellulose 20 g
Filtered seawater 1,000 m/
pH 7.5 pH 7.5
Medium ANG Medium S
(for anaerobic cellulose (for sulfate-reducing bacteria,
-decomposing bacteria) HaTta's medium)
Peptone 50 g Calcium lactate 50 g
Yeast extract 1.0 g Peptone 20 g
FePO, » 4H,0 0.01g Yeast extract 1.0 g
Sodium thioglycollate 0.3 g K HPO, 02 g
1.-Cystine hydrochloride 0.2 g MgSO, - 7TH,O 0.2 g
Sodium resazurate 0.001 % [Fe (NH,), + (80y). * 6H.0 0.2 g
Cellulose 20 g 1.-Ascorbic acid 0.1 g
Filtered seawater 1,000 m/ Agar 30 g
Filtered seawater 1,000 m!
pH 7.5 pH 75

*Modified ZoBgLL 2216 E medium.
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Table 16. The environmental conditions in bottom sediments in Hiro Bay (in 1979).

Depth of .

Temp. of Water Ignition

Hemicellulose Sulfide content

70% ethanol

Date  St. overlying | lime pH COD "< Joss soluble 1% NaOH 17.5% NaOH "
water | Sediment content 1085 ihohydrate  soluble soluble Free Total
fraction fraction
(m) &) (mg/g) (%) (%) (Glucose (Glucose  (Glucose (S mg/g) (S mg/g)
mg/g) mg/g) mg/g)

1 5 11.5 7.2 55.8 720 18.8 0.57 4.12 3.49 0.07 0.53
2 7 11.5 7.5 50.4 75.2 15.0 141 1.29 0.17 0.63
Feb. 3 8 11.8 7.7 33.6 66.8 13.6 .41 0.57 0.50 0.05 0.35
20 4 8 11.5 7.7 23.4 67.3 10.5 0.49 0.48 0.005 0.31
5 10 115 7.8 14.2 64.4 100 0.50 1.51 1.63 0.00, 0.05
11 4.5 110 7.4 62.4 61.7 15.6 0.06 0.60
1 5 20.3 7.6 1587 84.3 375 0.46 4.98 5.65 0.63 1.51
2 9 20.3 7.4 41.0 700 125 0.18 0.69 0.58 0.16 0.51
Jun. 3 9 20.2 7.6 46.5 674 13.1 0.18 0.83 0.55 0.11 0.32
28 4 8 20.3 7.7 20.7 61.9 9.8 0.09 0.33 0.41 0.07 (.23
5 11 20.1 7.6 20.5 65.0 9.0 0.11 0.36 0.40 0.05 0.18
6 13 20.3 7.8 185 67.1 99 0.09 0.32 0.42 0.02 0.13
1 5 255 74 1376 83.6 29.0 0.46 4.36 5.58 0.47 1.31
2 8.5 25.1 7.6 313 70.1 127 0.19 1.18 1.07 0.26 0.90
Sept. 3 11 25.8 7.6 30.2 70.6 11.0 0.19 0.79 0.75 0.16 0.48
6 4 9 25.4 7.7 15.4 60.0 87 0.07 0.38 0.40 0.03 0.15
5 12 25.0 7.5 14.9 65.9 9.2 0.10 0.36 0.45 0.03 0.11
6 14 25.3 7.5 177 70.0 10.6 0.12 0.40 0.48 0.04 0.13
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Table 17. The population densities of various groups of bacteria in bottom sediments in Hiro Bay (in 1979).

Aerobic bacteria Anaerobic bacteria
Hetero- Glucomannan  Xylan Agar Gellulose Hetero- Glucomannan  Cellulose Sulfate
Date St. trophic -decomposing -decomposing -decomposing -decom- trophic -decomposing -decomposing -reducing
bacteria  bacteria bacteria bacteria \ posing bacteria  bacteria bacteria bacteria
acteria
(CFU/g) (MPN or AN/g) (CFU/g) (CFU/g) (AN/g) (AN/g) (MPN or AN/g) (MPN/g)  (MPN/g)
1 7.3x10° 10° 9.0x 107 1.1%x 10t 10% 10° 4.8%10°
2 30%10°8 10° 2.5% 10* 3.0% 10 10° 10° 4.8X10°
Feb. 3 78%x10° 10t 24X 10 1.0Xx 108 10° 10% 24X 10°
2004 s1x10° 10* 7.0% 103 35% 10% 10° 10° 24X 10°
5 1.9%X10° 10° 10X 10} 35X 103 10° 10° 2.4X10°
1 84x10? 2.2% 10° 1.3X 10

1 15x107 L1X107 32X 10° 3.0% 101 10 48X 10° 26X 10°

2 60x10%  L1x10° 1.0% 10 Lix 1 10° 4.3%x10° 4.3X10°

Jun. 3 38%X10%°  24%10° 3.0x107 6.0x 10 10% 29X 10 2.3X%10°
284 13x10° 43%10° 50X 10° 4.0X 10* 10° 14X 10% 4.3x 10"
5 87X10%  43X%107 6.0%10* 9.0%10% 10° 7.3%10% 2.3X10°

6 18x10° 4.8x10° 3.0X10% 40X 10% 10° 20X 10% 1.5X 108

1 11x107 24x10° 3.0X 104 LOX10* 10° 108 L1X 107 20, X 10° 9.3%10%

2 90X10°  24X10° 7.0%10% 70X10° <10 108 4.8% 10 2.1x 10 9.3% 10°

Sept. 3 BOX10® 24X 10° 9.0X 107 50X 10% 10% 108 15X 10° 16%10% 45X 10°
6 4 33%10° 43x10° 60X 10° 30X 107 10% 10° 15X 10° 39%10* 2.3%X10%

5  45X10°  75%10° 13X 10° 50X 107 10° 10° 3.6X10° 1.5% 108 91X 10*

6 15%X10°  4.8x10* 4.0%x10% <1O0X10% 102 108 3.6% 104 2.1%x10* 3.6X 104

AN : Approximate numbers of bacteria enumerated by the successive dilution method.

Aerobic agar

Aerobic heterotrophic Aerobic glucomannan Aerobic xylan -decomposing
bacteria -decomposing bacteria -decomposing bacteria  bacteria

log (CFU/g) log (MPN or AN/g) log (CFU/g) log (CFU/g)

2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 2 3 5

St 1

St.2

St.3

Su5 Jun

Fig. 4. Distribution of aerobic bacteria in bottom sediments in Hiro Bay.
Location of stations is shown in Fig. 3.



Table 18, The population densities of various groups of bacteria and the environmental conditions
in bottom sediments in Hiro Bay.

Hemicellulose Sulfide content
Deplh.of T Water Ignition - Organic ~o 0T
Date  St. overlying Temp. of pH Eh cop &€ g,l O or NaOH 17.5% NaOH '8 | Free  Total
water  sediment content  loss soluble soluble acie
{raction fraction
(m) e (mV) (mg/g) (%) (%) (Gluco./s‘e) (Gluc;)s;* (pegeq/g)(S mg/g) (S mg/g)
mg/g mg/g
1 4.5 183 74 —140 2167 825 319 5.57 6.78 73.7 0.48 1.77
Nov, 2 8 188 7.4 —100 570 779 13.4 1.16 1.37 25.0 0.14 0.79
AR 6.5 185 80 4+ 90 168 607 8.8 0.40 0.78 100 0.01 0.11
oy 4 8 188 80 + 60 191 569 6.5 0.38 0.48 7.0 0.01 0.07
* 5 105 178 80 + 80 202 705 8.7 0.43 0.80 125 0.02 0.06
6 13 185 81 100 161 698 9.2 0.33 0.28 2.8 0.00 0.09
Feb. 1 45 120 75 ~—120 1395 768 301 6.33 6.95 1465 0.25 1.24
10, 3 105 1.0 81 ~— 10 325 644 11.7 1.06 091 219 0.15 0.51
1981 5 11 100 85 325 60 505 6.8 0.15 0.52 37 0.02 0.14
Aerobic bacteria Anaerobic bacteria
Heterotrophic  Glucomannan  Xylan Agar Heterotrophic Glucomannan  Xylan Sulfate
St bacteria -decomposing -decomposing -decomposing  bacteria -decomposing  -decomposing ~reducing
bacteria bacteria bacteria bacteria bacteria bacteria
(CFU/g) (MPN/g) (CFU/g) (CFU/g) (MPN/g)  (MPN/g) (MPN/g)  (MPN/g)
1 25X 10° 24X 107 35X 10° 3.0x10* 15X 108 24X 108 4.8X10° 11X 10(7
2 1.2X 10° 15X 107 1.4%10° 30X 107 9.3%10° 24X 108 L1X 108 2.4 % 10°
3 49X 10° 2.4 10° 70X 101 50X 10% 48X 10° 4.8%10° 48X 107 9.3%x10°
4 1.8% 10° 9.4 10" 5.5% 107 4.8%X 107 4.8%10° 4.3%10° 2.1 10° 9.3% 101
5 16X 10° 9.1%x10% 5.0 107 LOX 108 4.8%10° 4.8%10° 9.3% 10 9.3% 10*
6 13X 10° 93X 10° 15X 107 LOX10% 9.3x10° 15X 10 14X 10 9.3x10°
1 16X 10° 48X 10° L7x1t <LoX10* 9.3% 107 48X 10° 48X 10° 11X 10°
3 27X 10° 3.9% 107 9.5x 10" 2.5% 10 2.4 % 10° 18X 10} 36X 10° 9.3% 10"
5 2.9% 101 2.8%10° 9.0x 10* <LOX1¢° 4.8%10° 36X 107 14X 10% 2.4%10*

*The liquid medium was prepared with softwood xylan.

Anaerobic heterotrophic  Anaerobic glucomannan Sulfate-reducing
bacteria -decomposing bacteria bacteria

log (MPN or AN/g) log (MPN or AN/g) log (MPN/g)

23453(? 25%4:)(?1 2340(37‘
Stl
St.2
5.3
St.4
Sus

Fig. 5. Distribution of anaerobic bacteria in bottom sediments in Hiro Bay.
Location of stations is shown in Fig. 3.
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Aerobic bacteria log (CFU or MPN/g)
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Anaerobic bacteria log (MPN/g)
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Fig. 6. Vertical distribution of various groups of bacteria in bottom sediments in Hiro Bay.
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COD  (mg/w) Sulfide content (S mg/g) Organic acid (g geq/g)
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Vertical distribution of the environmental conditions in bottom sediments in Hiro
Bay.
&— : St 1,

Fig. 7.
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Table 19, The bacterial populations and the ratio of hemicellulose-decomposing bacteria
to heterotrophic bacteria in different seasons in bottom sediments in Hiro Bay.

Feb. Jun. Sept. Nov. Total
Aerobic bacteria
b B /g 5708 5908 59406 5605 58£07
ﬁﬁi&%&ﬁﬂf%ﬁﬁfﬁ%ﬁ%@”mg 47406 54%13 51209 60£13 52%L1
ﬁiéﬁﬁ{?;ﬁ%ﬁ%V?“@ 43204 42107 38+05 47207 43%06
ﬁﬁ&&fﬁf%ﬁﬁ?g”ﬁm“ 31408 36208 26+04 34203 32+07
Anaerobic bacteria
éﬁ%ﬁ%ﬁﬁ?ﬁ%@%ﬁ%ﬁﬁ;”“ 50402 52404 58%04 59£02 54405
Sﬁ@;?ﬁiﬁﬁ?ﬂﬁ&ﬁ%ﬁ??ﬁﬁﬁ 40%11  35%12 B57L1 55£00 46%14
log of sulfate-reducing 54405 5406 56£08 56+L1 55+07

bacteria in MPN/g

Ratio of hemicellulose-decomposing
bacteria to heterotrophic bacteria
log of ratic (G/H)
log of ratio (X/H)

log of ratio (ANG/ANH)

~1L0£09 ~05£07 —08:+05

04£09 —05%09

~1.3£06 —18£02 —21404 —09:+03 —1.5+06

—1.0£1.0 —17£08 —0.14+£09 —04:£09 —08%1.0

Each value shows mean + standard deviation.
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Table 20. Hemicellulose content to ingnition loss at
various station in bottom sediments.

Areas St Hemicellulose content & SD
(Glucose mg/g Organic matter)
1 37.1946.08
2 1567371
Hiro Bay 3 1253344
4 9.75:1+2.44
5 10.3142.28
6 8.30+1.67

Yoshimi Bay 4.124+1.53

SD: Standard deviation.

ATk — 260, Table 20 1273 F,

Table 20 205, HEAKCIZHEVERS 1 Tld37mg/gTdh b
BAl AT, FEHL 6 TIE8. 3mg/g~EMIIETLTEY,
PEBBEANERBT B LD 5T, NI —AHDK
WD ENT LI ENROONDL, £/, LI —-2R
RN RNT = ADSRY T B ML L DOREIRTY,
70% & 7 — VB A 2 e — A B0 1/3~1/20
TdHh, ERPICEEEICERL BT, LORRYT
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Gas-liquid chromatograms of organic acids
in bottom sediments in Hiro Bay.

1: Acetic acid, 2: Propionic acid,

3+ n-Butyric acid,

4 : Lactic acid and/or isovaleric acid,

A Butyl ether,
B : Internal
Dodecane).
Column packing : 20% Silicone DC 550 on
Diasolid 1. 60-80 mesh.
Temperature : 50°C 5 min

(5°C/min).

standnard substance (a-

Hold, 50-210°C
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Table 21. The population densities of xylan-decomposing molds and actinomycetes
in bottom sediments in Hiro Bay (Dec.3,1981).
F-4 medium Ac-1 medium . L note T .
5 Core molds and actinomycetes molds and actinomycetes ZoBEL1 2216 E medium
St. o
depth g0 Xylan Total Xylan Aerobic  Aerobic xylan
plate  -decomposing plate  ~decomposing heterotrophic -decomposing
count count count count bacteria bacteria
(em) (CFU/g) (CFU/g) (CFU/g)  (CFU/p) (CFU/g) (CFU/g)
: 0- 2 5X10° X107 1X 107 X107 L3100 9.0%x 10*
9-11 1x10* - 13X 107 - 27X 10 7.0X 107
5 0- 2 2X10¢ - 2X 107 1X10° L2X 1 6.0% 10"
So9een - - - - 14X 10° 85X 107
5 0-2 2X10¢ 2% 107 2X10% 1X 107 6.9x 10" 1.5x% 10°

~ Not detected on minimum dilution plate (107%)
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Fig. 9. Location of sampling stations in Iwakuni

Area in Hiroshima Bay.

THIREA~H LI Y, Ml COD % LOMsE I Lo
WO

UFEUMEREIR A AR, PR 2 5 v SR S &
VSER MBI E, 2 - 2 LF UHECPARRME L 720
BEGUE A b T — 2 SR AL 13 KapoTa™ O & 0,
MPN #:42 & b ats L7z,

BEETFORE

ARk, pH, ¥, COD, 88, UVIRIL (250 nm B &
0F 280 nm) 7 b OIS IETEME BOKAL I RO WE W, ZhE
N2 2 RALUFHEIZL /I, V=it vy s

=ik, Uy n ANk ALY T AR E LT
skadte,

HOR

B BRI BT B ik R O W S DR IR SRR 4,
TS o9 OB S X OBREIRTIZon T, 1973
EMBI9SHE DY, TEIMAEL, Table22 3 L1023
RS R E,

A PR SR 4513 102 ~10° CFU/m/, GF&ME+
29 v A RE HE 107 ~10° CFU/me, &ML —
AN B 0 ~10% MPN/m/, FEF M0 #3107
~10* CFU/m!Tdh otz 72, 1 mEiEAkdo COD

Table 22. The population densities of various groups of aerobic bacteria and the environmental conditions

in seawater in [wakuni Area.

@ £ R S
g ¢ =5 5. =% z
R | Ee | g ER | gfe | Shs | zgEe
& < Ban 4, 5 ga 2 = b BEL BEER
= 0 CELE E’g jas - o =P to g8 @§§ '§8§ —5”58.@
& % & T o o ] g FR i 558 58T E=8%T
ABY | =B S0 2% g <28 <78 < 878
] N 4 =y e - -
m | €O (%o) | (ppm) (Clucose | (CFU/mb | (CFU/mi) | (MPN/md)
| 0 - 6.9 102.6 2077 1.402 - - -
1 12.7 8.2 5.1 0.002 0.062 17X 10% 3.8%10° 1.6X10%
Jan. | 4 1 112 83 37 | 0036 | 0024 17X 10% 2.2%10° 28% 10
18, | 6 1 115 8.4 0.6 0.011 0.007 9.1%10° 4.1%x 10 L7x 10!
1973 | 7 1 1.2 8.4 13 | 0018 | 0010 1.2X 10 26X 10° 14X 10!
8 0 - 8.1 19.7 0.251 0.210 - - -
1 12.6 84 35 0.022 0.010 41X10° - 7.9
. 0 12.3 6.9 174.8 1.989 1.315 - - -
1 12.0 83 6.7 0.152 0.101 85X 10° 46X 10° 54X 10
Feb. | 2 1 110 85 09 | 0025 | 0015 1.5X10° 6.9 101 33
1})?]:; 3 1 110 85 0.8 0.017 0.010 19x10° 8.3% 101 79
X 4 1 110 8.3 37 0.081 0.050 17X 10% 2.2%10° 2.8% 10!
5 1 110 85 0.7 0.017 0.009 8.3% 10! 26% 101 1.7
. 0 289 6.8 13.28 80.4 1.650 1112 4195 - - -
1 26.0 8.0 16.51 5.4 0.112 | 0080 1.81 14X 10° 16X 10° 54X 10!
Sept. | 2 1 25.8 8.1 17.41 1.8 0.064 0.052 141 13X 108 37X 10 49
w973 | 3 1 25.6 8.2 1752 0.9 0043 | 0033 0.53 20X 10 30X 10! 0
; 4 1 25.8 80 16.99 2.8 0058 | 0.042 0.73 12X 10% 33X 10° 35%10
5 1 258 8.2 17.33 L9 0.047 0.037 116 1.3X10° 29X 10 3.3
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Table 23. The population densities of various groups of aerobic bacteria and the environmental conditions
in seawater in Iwakuni Area.
v g o o O
& z &y - a '55 %; 258 v é’s . 3’%‘ é*:
© ot - & b4 — [ R ey _53 5::5'; ‘;\w 2 :E‘:
ST ER BsE R C | % AR | EE | 2% | B3gf tzii | i
A< =g 24 <758 | 23 “3ZE
(m) ¢ (%o) | (ppm) | (mg/d) (thyw (CFU/md | (CFU/m | (MPN/ml) | (CFU/mb
mg
) 0 200 68 | 1398 | 965 73.06 - - -
Nov 1 180 8.1 17.77 3.1 113 18X10° | «50x10 4.3 108
w2 ] 190 83 | 17.80 19 103 | 13X10° 27X 10° 49
1973 | 3 1 19.0 83 | 1788 12 070 | 65%10° 9.0X 10 13
4 1 190 83 | 1796 11 036 | 45%10° 5.0 10° 22
5 1 190 84 | 17.83 11 059 | 58X10° | 40x10° 7.0
. 0 - 72 | 1185 | 877 54.68 - - -
1 110 78 | 1625 | 360 17.50 11X 10° 70X 10° 2.2% 10
Jan. 1 2 1 100 85 | 1821 11 159 | 24X10° 6.0 10* 23
15;'4 3 1 9.8 8.5 18.37 0.9 0.72 9.0X 10 9.0% 10 3.3
4 1 9.8 83 | 1812 3.8 138 | 26%10° 70X 10 §.2% 10}
5 1 98 84 | 1836 1o 055 | 15X10° 1.9%10% 1.8 10!
0 175 75 | 1244 | 907 449 3252 | 21X10° 3.0X 10" 93 16X 10
i 1 142 83 | 1764 34 3.1 148 | 22X10° 40X 10" LIXI0F | 41X 100
2 14.2 84 | 17.65 3.2 21 0.86 | L5X10° 70X10° | 48XI10' | 30X 10
Dee. ig;g?" 138 | 85 | 17.82 49 0.7 048 | 18XI0° | 15X10° | 48X%10' | 60X 10’
1o 0 42 | 82 | 1117 15 0.7 042 | 61X10° | 20X10° | 1EXI00 | 90x10°
; o 1 14.5 84 | 17.78 21 0.6 0.40 | 52x10t 20X 10° 75 2% 10°
< 2 14.0 83 | 17.80 13 0.6 043 | 68x10° LIX10¢ 24X 100 | 19X 1!
égﬁﬁm 140 | 85 | 1808 L1 0 029 | 21x10° | 24%10° 9.3 25% 107
Feb. | | 0 127 72 | 1408 | 532 416 34.74 - ~- - -
M, 1 95 81 | 17.06 7.3 6.3 1.31 15X 10° 31X 108 15%100 | 21X 107
1975 | 2 1 9.8 8.2 17.90 1.2 0.8 0.29 52X 101 9.0 X107 1.4 LOX 1

£ 0.6~36.0ppm, UV AL (250 nm) 4 0.011~0. 152,
BRI L 7 b 2 — AIEC 0. 36~17. 5 mg/ 1,
V7= R 0.6~6.3mg/l Th otz ZNHDMWKFO
HHMA B & COD, BHFMERAICD R, & ollEdl
W, 2 - 2OINEIZB T DR OB L b L@l
MER LA F72, COD, @Rk L0
Z UG O T OBEK NI WES TR, Lad
20 0 mIGTOWEMIE 1 mBOMD 10~5045Cd b,
BeRAbE e ) = v 2 ERmIZE A, COD OIS
LS EEAR AR O R MK DRG0 < el A BT L
TWaE I EPFRD S, ZOFIMLILEOEA & IEIFH
BTy, M2/ 0 7 TR KSR ORI BRI
B bbo bbb,

£ B
T ERY IS 8 0 B oK b o0 % BN BT A &
HAATRREaD, TORRBICHEET HEHOLE» 5,
B2 DAEHBWEHSHANL, TOEEE T Tnbio

EEILND, BEHOBEEROBRNTRSL &, Z ik
B BN 2 5 v DI EU D WIS Bk
1Lt & DI & 2R MBARD BT D' cos
s, R OEFLNE S 2 9 o IR BRI
e b oWt EEZ SN D, I OO GG
D RTHSN TR T 5 L E 2 vy, /8
N TEEARBR o O BRI R LIT & % 2 9 v S o
DAY THLLDEH I LNG,

Sebs, BUEE RO RE & OB AU DR S gk
24 AU 2 T 2 RN D o Bk B g
B4 A e, Table 24 ISRTEBHThH B,

BN A & ORI 9 v AN oA L2,
FRENEFEOPAIRI RO OND L OD, 2 -
ZOLBIIBIIHEDOL ) B KEVENNERClEE
Mreodze Tz, WEVER ST o AN B R AUEREIE &
P B4 B I H1/10CH Y, RSB ATERLL
DTN TIL D B AN IL R LD O TH - 720
DT &, 2Ob T HERGE N LT SO DRI SR
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Table 24. The bacterial populations and the ratio of aerobic xylan-decomposing bacteria to
aerobic heterotrophic bacteria in different seasons in seawater in [wakuni Area.

Jan. Feb. Sept. Nov. Dec. Total
log of aerobic heterotrophic . . . PR - n
bacteria (H) in CFU/m/ 56105 52417 57405 55+0.8

log of “""f)‘zift 2?;111& ;if;‘{*l”{‘;}‘rg‘} 47408 38+15 18404 46+09
log of ratio (X/H) 09406 —1.34+0.8 ~(.9+0.4 —0.9+0.6
Each value shows mean £ standard deviation.

Pl o wbd AU EME A S 5 o AT 3 - 3 eI o

P4 D050 29 v AR o I, (SRR Yoshimi

Tdhb I EPWHLENPE -T2,

2 - 6 JEEREE (FERE) BT AAI®AO~X Yamaguchi Prefecture

SHEHE O HIBIKI
JOU TBEIRHA M I & UL T L 72 NADA
HTIREHER AR OF, K, RIS & DN i L, BERE

SRR, ~ 3 b0~ AR s & OREEIE - &
W, 2 TEEKTE AR O HE & I, W L.
' B 5Ok

HEOFER

RSB DK E & UIKIRORIGES T Fig 1012
e Y

WKL ZoBeLL DB IRAKRE, A v~ FERREB LU
JeBaRAE AV, BELEO ITmEeE e LTHRINL
Too EIRISARIRIRIBEE, MNEIRRBSRB L Ly v v
SHARIEE T, BB (0~ 5 em) DIKIRE IR 2.
R AR AT DR MY (R - & 5 oL B oY
D, MTHE, COD Rl oaiof Ly, #WEEEs LT
PRIV LT B b & K P oI L, i
BisWe s b ek E L,

B OEH

IS EDE IR SR AT, PR S 9 T A & O uF
WMo B, 2 281072 - 3EEUHEKL
Lo oo MEEYES N T 2 v SRR, RS TTHIE 2
ORISR oML, 2 - 3 ERUTEICL -7,
e s, WEELEEIEI L. 20 1 g % 99ml ORI
MACTELI|EI L, SOBBRAENBE L-CHE 1
dp 7 ) ORI Bk PRI L 7z
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Fig. 10. Location of sampling stations in Yoshimi
Bay.
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A R OO IR Ik B SRR 24 10°~10° CFU/ml,
SRR &9 > ML 0 ~10' CFU/ mi T Y,
TR G LW & A 2 B A 8 L USRI I 7 25 I e &
Nhhol, 7, CODIZ04~40ppm THY, /307
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72a

JECHE oP O RF AR DE G SR M S0 10°~107 CFU/g, &F
HVEd T T o MBI 10°~10° CFU/gTHh b, COD
3 02~235 mg/g Tho/z, WHEEY T 0 AL
R COD i, 790 FEEAGH ARSI 3307 A8l X 9 22k
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Table 25. The population density of aerobic xylan-decomposing bacteria and the
environmental conditions in seawater in Yoshimi Bay.

Sampling  Temp. Aerobic Aerobic xylan
St Date depth of pH Cl COD  heterotrophic  -decomposing
water bacteria bacteria
(m) ({9 (%o) (ppm)  (CFU/mi) (CFU/ml)
Feb. 10, ‘66 1 120 83 - - 1.2%10° 1
May 4. '66 1 156 82 - 16 3.8%10° 15X 10!
Sept. 14, '66 1 260 81 1838 0.7 24X 10° 15% 10!
1 Nov. I8, '66 1 138 83 1733 L6 15 10 0
Feb. 18, '67 1 80 81 1882 0.8 4.9% 10 1.3% 10!
May. 13, '67 I 198 83 1778 1.0 59X 10° 15X 10!
Sept. 6, '67 1 300 82 1825 13 3.6 10* 3
Dec. 6, '67 1 140 81 1888 0.4 6.0 10°* 2
Feb. 10, '66 1 10 80 - - 20X 107 1.0% 10!
May 4, '66 0.5 185 87 - 3.6 1.9x 10! 2.1% 10}
Sept. 14, '66 1 275 85 1821 0.6 12X 10 34x10'
5 Nov. 24, '66 0 140 83 5.83 3.9 35x10° 1.2X 10!
“ Feb. 18, '67 0 69 83 1510 0.6 8310 3.0% 10!
May. 13, '67 0.5 192 83 17.04 2.9 L1x10 0
Sept. 6, 67 0.5 305 81 1837 0.7 6.7% 10" 20% 10!
Dec. 6, '67 0.5 125 81 18.54 0.7 1LOX 10! 5
May 13, '67 1 191 83 1798 2.9 L7X 107 5
3 Sept. 6, 67 1 308 81 1826 1.2 L7X10° 50% 10!
Dec. 6, '67 1 120 81 1879 1.2 4.1%10° 50X 10!
May 11, ‘66 1 173 82 1789 1.4 L2X 1ot 5
Nov. 24, '66 1 147 83 1860 0.8 14%10* 0
4 Feb. 18 67 1 80 81 1862 1.2 23X 10° 5
May 13, '67 1 194 83 17.67 24 7.8% 10 Lox 10!
Sept. 6, ‘67 1 310 82 1827 0.6 6.4% 107 LOX 10
Dec. 6, '67 1 132 81 1885 0.9 4.9% 10* 1L.OX 10}
May 11, 66 1 174 83 1800 0.8 9.5% 10" 3
Sept. 14, '66 1 260 81 1850 1.3 11X 10° 0
Nov. 24, '66 1 151 80 1874 20 35% 10" 0
Feb. 18, '67 1 90 &1 1886 0.4 23X 10° 2
May 13, 67 1 189 83 1793 27 6.1x10% 0
5  Sept. 6, 67 1 310 82 18.28 0.8 20% 10 3
Dec. 6, '67 1 130 82 1894 0.8 23X 107 0
May 11, '66 8 169 82 0.7 4.9%10° 1.0x 10!
Sept. 14, 66 8 252 81 1853 0.9 77X 10 1710
Nov. 24, '66 7 150 83 1885 2.2 3.4%10° 0
Feb. 18, '67 7 85 83 1879 4.0 43%10° 1.3% 10"
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Table 26. The population density of aerobic xylan-decomposing bacteria and the
environmental conditions in bottom sediments in Yoshimi Bay.

St. Property - Aerobic Aerobic xylan
(Depth of of Date "]’eimplctf pH  COD  heterotrophic ~decompo§mg
overlying sediment sedimen bacteria bacteria

water) CC) (mg/g) (CFU/mg)  (CFU/mg)
Feb. 10 '66 115 8.2 - 7.5X10° 5.5% 10"

May ‘66 15.4 86 226 15X 10* 15X 10°

Fine Sept. M, '66 26.2 81 235 22X 10° 20X 10°

1 sandy ~ Nov. 24, '66 135 53 90 49X 10° L1X 10
(2.5m) loam Feb. 18, '67 87 88 189 7.1x10° 3.3x10°
May. 13, '67 19.0 91 147 4.0%10° 7.0% 10°

Sept. 6, 67 29.5 88 92 89X 10° 25X 10

Dec. 6, '67 145 84 128 1.6X10° 13X 10

Feb. 10, '66 105 8.3 - 1.8X 107 3.0X 10"

May 4, '66 16.0 8.5 3.7 14X 10° LIx1ot

. Coarse  Sept. 14, '66 26.3 8.6 L9 27X 10° 10X 10°
2 sandy ~ Nov. 24, '66 12.8 85 207 11X 107 1.3X10°
(0.5m) loam Feb. 18, '67 6.9 89 200 2.8%10° 3.9 101
May 13, ‘67 19.4 93 140 2.1%10° 6.0x10°

Sept. 6, '67 30.2 89 38 L1x10° 80X 10°

Dec. 6, '67 14.0 8.4 86 10X 10° 95X 10*

3 Loamy  May 13, '67 19.0 9.0 1.6 L1x10° LoX 104
(3.5m) fine Sept. 6, 67 30.1 88 08 2.3%10° 1.3X%10°
’ sand Dec. 6, '67 13.2 8.3 3.0 8.0X10° 55X 10°
May 11, '66 16.9 8.8 0.2 7.5% 10° 19X 10°

Nov. 24, 66 15.5 9.0 34 3.1%10° 16X 10°

4 Loam  Feb. 18, '67 6.0 90 164 36x%10° 2.4% 10t
(5m) i May 13, '67 179 92 92 16X 10" 40X 10°
Sept. 6, '67 29.5 8.8 6.9 Lix1g® L1x 10!

Dee. 8, '67 12.9 84 157 2.1%10% 1.7% 10t

May 11, '66 16.9 87 06 8.1X10° 27X 10°

- Loamy Nov. 24, 66 15.3 89 48 14X 107 20X 10"
s fine Feb. 18, '67 8.5 9.0 122 6.7%10° 14X 10
(8.5m) sand May 13, 67 17.3 9.1 8.4 1.8x10° 2.4 10°
- Sept. 6, '67 29.6 8.9 5.1 83X 10° 65X 10°

Dec. 6, '67 14.0 8.4 4.8 9.2 10° 55X 10°

ST ARAMS VS A EREON

PRI AR BT DR 3 B, B 8 Ml X TR
9z OV T LA % Table 27 (2779,

R AT RS T B 0T R B UR S R A 2%k 10" ~ 108
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DA 3BT — AR B DWW L, 2o
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A%

10° CFU/g Té b, BEEHEMIBEIETIE, D6 SR 2%
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MPN/g, 3 9 » 5 s 103MPN/5,, TR e e T
HHA 10°~10"MPN/g T o 720 — RIS AN S D
FHEER IR B L @ uw il E R L. S 60

TR RO AER IR AT LAY T, RIS BT 5 8
L D VPR SECEIATH Y, FHHB & MEROBIR

WADWR B,

£ %
P AR BV B U AP AR 2B & O &
P2 T LT B ORI, e S ORISR SO DR S A

'l’%l'?“?ﬁ(é:i{i”‘&’lfx\.]'i E A
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Table 27. The population density of aerobic xylan-decomposing bacteria on the
shore of Yoshimi, Shimonoseki.

seaweeds collected at the

Aerobic Aerobic xylan
Species Date heterotrophic  ~decomposing
bacteria bacteria
(CFU/g) (CFU/g)
Green algae:
Fnter [Feb. 24, '67 15X 10° 35%10°
“nteromorpha sp. \Sept. 19, '67 21X 10° 70X 10
Jm 24, 67 3.1x10° 25%10%
o May 11, '67 3.0X10° 70X 10?
v pertusa Sept. 19, ‘67 52X 10 7.0% 10°
Dec. 18, '67 90X 10° 12X 10°
Codium fragile May 11, '67 2.8% 10% 55X 10°
Brown algae: Jpeb. 24, 67 15X 10? 60X 10‘;
Sargassum thunbergit I%/i(;l;)t’ i(l)' 2; (jgi iga Zgi 181
Dec. 18, '67 9.8% 10° 70X 10°
J May 11, 67 7.5%10° 19X 10°%
Hizikia fusiforme Sept. 19, 67 1.5X 107 4.0%10°
| Dec. 18, 67 1.8% 10° <1OX10°
Dictyota dichotoma Sept. 14, 66 7.4 10° 3.1 10°
Petalonia fascia Feb. 24, '67 30X 10° 5.0 107
Undaria pinnatifida May 11, 67 43X 10" LOX 107
Sargassum horneri Nov. 24, '66 LOX 10° 20%10*
Ishige okamurai Sept. 19, 67 25X 10° 4.0%X10*
Myelophycus caespitosus Dec. 18, '67 6.8%10° 20X 104
Red algae : .
Porphyra sp. Feb. 11, '66 L1X 1<>f 4.0X mz
Grateloupia filicina {1[\)’111)’ ié’ g; Zzi 18»’, ;‘;8§ )1‘8:
ec. 18, 2. . N
Gymnogongrus ji‘“eb. 24, 67 3.0X10° LOX 10
Sflabelliformis May 11, '67 44X 10° 8.0 10°
|Dec. 18, ‘67 18X 10° LOX 10°
Chondrus ocellatus Nov. 24, '66 5,2 X 10° 50X 10°
Grateloupia turuturu May 4, 66 8.5% IUT 25X 10
Hypnea charoides Sept. 14, '66 4.7 X 10° 4.0%10%
Prerociadia tenuis Nov. 24, 66 7.3% 10" 8.5X10°
Polysiphonia urceolata Feb. 24, '67 3.8x% 10 2.5% 10°
Gelidium amansii Sept. 19, 67 55X 10° 2.0% 10

S 2 T SR
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W OFAE L e ) O
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2t

i

THRWT, LW

WD 5
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L, iR T L 1/1000
~1/10000 EIRIAASHTH o7 T, BRI
BLOFEILLOEL SIZ4, e B Aiitilas
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B L, #NERDHP
Table 30 12579,
B BRI B JER SRR B 3%
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WA S REOBE L DB IS, &, Falts
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o — A ORI &, IREIC B B B0
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Table 28. The population densities of various groups of bacteria and the environmental conditions in bottom
sediments in Yoshimi Bay (Jun. 24, 1981).

Depth of

Hemicellulose

Sulfide content

St overlying  Temp.of pH  Eh COD W;llltL(l;’lt Igﬁl’i_l:m 1% NaOH 17.5% NaOH
water sediment co o soluble soluble Free Total
fraction fraction
. Glucose Glucose - .
(m) o) (mV) (mg/g) (%) (%) (G me/g) G :ng/g) (Smg/g) (S mg/p)
1 25 22.0 8.0 +50 12.0 40.2 12.2 0.29 0.48 0.01 0.08
3 3 21.3 8.0 -+ 260 1.9 26.6 8.6 0.02 0.26 0.00 0.01
4 6 21.0 8.0 + 160 10.2 394 111 0.19 0.33 0.10 0.22
5 8 21.0 80  +300 57 44.6 1.6 0.06 0.20 0.07 0.14
Acrobic bacteria Anaerobic bacteria
St. Heterotrophic  Glucomannan  Xylan Agar Heterotrophic  Glucomannan Xylan Sulfate
bacteria -decomposing -decomposing -decomposing hacteria ~decomposing wdccomp()smg -reducing
bacteria bacteria bacteria bacteria bacteria bacteria
(CFU/g) (MPN/g) (CFU/g) (CFU/g) (MPN/g) (MPN/g) (MPN/g)  (MPN/g)
1 19X 10° 9.3x1¢° 6.0X10% 24X 10 9.3% 10" LIX 10! 4.3x 10 11X 10"
3 20X 10° 4.8 10 25X 10° 2.0 10° 24X 10° 1.5% 10% L5x 10 1.5% 10
4 2.1 1 15X 10° 14x10° 5.0 107 24X 10 4.3%10* 4.8x10* 2.1%10°1
5 18X 10° 4.8 10" LOX 107 3.0X 10 24X 10 7.5X 107 12X 107 L1 10!

*The liquid medium was prepared with softwood xylan.

Table 29. The bacterial populations and the ratio of aerobic xylan-decomposing bacteria to aerobic heterotrophic
bacteria in different seasons in the sea near Yoshimi.
Feb. May Sept. Nov. Dec. Total
log of aerobic Scawater 3.9+08 4.4 106 4.3+1.0 50+05 44508
heterotrophic Bottom NP o) O —_— o
bacteria (H) sediments 6.6+0.5 6.2:410.2 6.01+0.3 61504 6.21+04
in CFU/mlor g Seaweeds 594 1.1 55+0.6 59407 5.540.4 57407
log of acrobic Seawater 05405 09403 1005 LO0.7 08405
xylan Bott
~decomposing - "i."‘?‘ ] 45402 42406 38405 3.9£06 41405
bacteria (X) sediments
in CFU/mlorg Seaweeds 4.1+14 31108 371205 3.3+05 35109
Seawater ~34%12 —36E£06 ~3.34+06 ~4.0+04 ~35£07
log of Bottom b+ 5 (1 DL E ) .
. . 2210, — 20304 =220 B S O 210
ratio (X/H) sediments V4 20£04 0.5 21£03 1£04
Seaweeds —1.940.7 23504 —22%04 —22:40.8 ~2.2+0.7
Each value shows mean & standard deviation.
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Table 30. Comparison of the bacterial populations, the ratio of hemicellulose-decomposing
bacteria to heterotrophic bacteria, and the environmental conditions in bottom

sediments in different areas (Jun. dam)

oy M § r A v
Hiro Bay YO:’Bh;;n Hiro Bay b O%;;“
obic 1 Ratio of hemicellulose
Aerobic bacteria -decomposing bacteria
log of heterotrophic 1o heterotrophic bacteria
» ; M - o «{« o g . . ;
bacteria (H) in CFU/g 59+08 50£04 log of ratio (G/H) —0.5+£07 —1.2+04
log of glucomannan-decomposing P 240 5
bacteria (G) in MPN/g 54£13 39405 log of ratio (X/H) ~18£02 ~20%06
log of xylan-decomposin 0t 21409
bacteria (X) in CFU/g 42407 3102 log of ratio (ANG/ANH)  —17+£08 —~11£03
log of agar-decomposing AR nQ . . s .
) 3608 42403 Environmental conditions g P
bacteria in CFU/g COD in mg/g 5074543 751486
Anaerobic bacteria
log ‘2%]{5}‘8‘,’:{‘1{;?‘& I()SL;\@{;}!;Z 52404 45403 Water content in % 693478 37.8478
log Ogﬁlttézg?gn{}g; ]?figf;}{f?;mg 35%1.2 34404 Hemicellulose in mg/g 26140 0.540.2
log of sulfate-reducing 54£06 3904 Towalsulfidein S mg/g 0482052  0.11%0.09

bacteria in MPN/g

Each value shows mean * standard deviation.
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Fig. 11. Fitness of observed frequency distribution to normal series (the population
densities of bacteria and the environmental conditions in seawater in Hiro

Bay).
g : observed distribution,

oA estimated normal distribution,
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LD AEMOF DD L bbb, BEBAKIE
MEED, COD RO L HVIERSHA LTS 2
EAMEM S NG, ZD70, JEE K TGS & S
BEBDNDIMEND E R b DEH LN,
SAZ, BHRT & A G HEDE S AT & B ER R (y =
Pt OPX) AL L7201k COD 7313 Tdh o 726 HIH b
BLUGHE 6F 2B F NP ERFN 832 BLU
092 Tholze IO EHND, YK OEMBILEEIZHE
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bhroi, T, WETEBHYERNEETRL, &
FEMIIBORESH LI L b hotie BEDI Ehs,
COD T, i L8 h A 4 KOTFF 4 BRI TR
BNLHWMAEWAHTH Y, FREFNROYWN IZHE, ST HEA
P TEL, KEEPSLBADITTHNLDOTH 572, &
B, WFEMEILIR SR B Cld, —EoBmicib iz &
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Results of the linear regression analysis for the population density of bacteria or the environmental

conditions (¥ ) on the distance from pulp mill in km () in the four seasons data

of seawater in Hiro Bay.

Seasons pooled

Common regression coefficient at various seasons

y b Fy
ag ay F, ny Feb.  Jun. Sept. Nov. b F, bw bw

Im layer;

log H 452 =067 509" 2 388 439 589 452  —079  1674**  1278%*  428”

log G 3.76 —058 262 16 310 397 421 —058 3.06 2.35 12.77**

log X 324 ~-085 1028™ 18 339 272 348 ~081  1034** 216 6.13*

log A 341 ~-0.72  514% 4 291 327 383 406 —081 7.11% 1.95 5.82**

COoD 1.89 —-048  493% 24 2.45 1.43 1.38 180 —0.33 5427% 832 092

Ao 0032 —0006 246 24 0.041 0026 0030 0024 —0004 175 375% 029

DCh 072 —015 294 24 072 058 067 08 —015 296 1.27 1.20
Bottom layer;

log H 343 —003 001 15 357 340 320 -0.00 0.00 0.28 0.13

log G 1.91 009 0.04 8 227 154 009 004 275 0.02

log X 1.96 0.19 0.14 15 2.81 1.31 112 0.36 157 1608* 010

log A 1.85 037 082 15 231 157 129 0.46 171 347 670"

logH : log of aerobic heterotrophic bacteria in CFU/m/,

or AN/m/,
CFU/m/,

of freedom,

*significant at 0.05 level

Agsg: Absorbance at 250nm,
y=ap+ ar, y=b{+ bMr (h=230r4).

log X : log of aerobic xylan-decomposing bacteria in CFU/m/,
DCh: Dissolved carbohydrate.

log G : log of aerobic glucomannan-decomposing bacteria in MPN

log A : log of agar-decomposing bacteria in

Fy: The Snedecot’s Ffor a; with 1 and », degrees of freedom, F,: The Snedecor's Ffor &% with 1 and ny-(4-1) degrees

Fy 1 Difference of coefficients in various seasons for b with £~1 and n,-(k-1) degrees of freedom, and for 4
with £-1 and #,-2 (£-1) degrees of freedom.

**significant at 0.01 level
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MEAT o720 ZOIA Table 33 12574,

RS ETE IR SRR s 0, IR R 13N COD %
UV I (280 nm) DRFOEEHR NS, B, =0
COD R UV BT 0> HUARBHAR B0 I SCHE 10 I8 S AR A T 200
LT, FRER —019 &£ 008 THh Y, IR
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T lze ET0, WEM NI v 2 SR UV
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Table 32. Correlation coefficient matrix of bacterial numbers to the environmental
conditions in seawater (I m layer) in Hiro bay.

Factors Temp  J19-CI CoD Ay Anss DCh Ss
log H 0.61™* 0.15 —0.19 0.08 0.08 0.10 —0.05
log G -0.02 0.15 0.45 0.27 0.46 0.62%% 0.26
log X —0.17 —~0.23 0.38 0.37 0.31 0.16 0.38
log A 0.24 0.15 -0.03 0.11 0.21 0.24 —0.10

Temp : Water temperature in “C, V19-CI :/10-Cl transformation of chlorinity in%,, A :

Absorbance at 250nm,
cose mg/ L

A uge + Absorbance at 280nm,

DCh : Dissolved carbohydrate in Glu-

Sample size is 27 (18 for log G and 21 for log X).

*significant at 0.01 level

Table 33. Results of multiple linear regression analysis by the stepwise procedure (F, =

Fo = 2) of the

population densities of aerobic bacteria in seawater (I m layer) in Hiro Bay.

Step of

Constant Temp{(x )¥19-Cl{ry) COD(x3) Agsplrs) Aulxs) DCh(xg) SS(aq)

. na r R
selection ay ay ay as ay as ag as
1 2155 0.104 25 061" o061
(0.61)
logH 2 ~0.083 0165 0.735 24 045%  o71**
(0.98) 051
3 -0.819  0.173 0.680 31.05 23 032 075**
(1.02) {0.47) (0.24)
1 1.036 3.800 16 062* 062
log G 0.62)
2 0077 65.39 3.468 15 046 072%*
(0.38)  (0.56)
, 1 1.988 0.453 19 038 038
log X (0.38)
y=agt apry T oaye, oo + a,x,
r: Partial correlation coefficient of newly entered variable, R: Multiple correlation coefficient.

Values in parentheses show standard partial regression coefficient.

*significant at 0.05 level **significant at 0.01 level
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Fig. 12. Fitness of observed frequency distribution to normal series (the population
densities of bacteria and the environmental conditions in bottom sediments

in Hiro Bay).

[T : Estimated root normal distribution.

i : Observed distribution, FZZZZ: Estimated normal distribution,
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Table 34. Results of the multiple linear regression analysis (dummy variables are used to express seasonal
difference) of the population densities of bacteria and the environmental conditions (¥ ) on the
distance from pulp mill (=) in the four seasons data of bottom sediments in Hiro Bay.

Seasons pooled

Common regression coefficient at various seasons

Y b()(k) E)

ay ay F, 1y Feb. Jun.  Sept. Nov. 4% Fy o¥ o™
log H 630 —071  2218™ 24 611 654 648 623 —075 2436™ 120 0.10
log G 596  —0.97 1254™ 24 536 627 593 684 —108 2271 499* 145
log X 474 —065 19117 24 473 468 432 522 —0.65 2068%F  569™ 049
log A 349 —042  470% 24 339 393 298 374 —044  662% 362 0.40
log ANH 552 =011 055 24 512 532 598 601 —019 419 16.39™* 020
log ANG 545  —111  896™ 24 473 451 670 649 ~124  3459%F 1836™F 015
log 8 612 —088 3B A 591 617 632 629 —092 37.89™ 108 3.14
JCOD 855  —324 1971% 24 811 918 848  B82 —332 1826™ 023 0.13
JWC 856  —0.37  795%* 842 864 868 865 —040 837" om4 0.55
JIL 436 —097  1756™ 24 431 455 438 426 —098 1563* 0.6 0.16
VHCel 220 —~091 1737 24 227 200 216 223 —090 1460™ 008 0.07
J5C 092  —040  40.93** 24 0.88 096 097 089 —041 37.80% o032 0.11

log ANH : log of anaerobic heterotrophic bacteria in MPN or AN/g,
log S: log of sulfate-reducing bacteria in MPN/g, vCOD : Root of COD
WC : Root of water content in %. VIL : Root of ignition loss in %,

-decomposing bacteria in MPN or AN/g,
in mg/g, Ro
Glucose mg/g, vSC : Root of sulfide content in S mg/g.
y=aptau, y=b"+boz

log ANG : log|of |anaerobic! glucomannan

HCel : Root of hemicellulose in

(k= 4: Feb., Jun, Sept., and Nov.)
F,: The Snedecor’s Fflor a; with 1 and ny degrees of freedom,

F,: The Snedecor’s Flor & with 1 and n,-(k

-1) degrees of freedom, F: Difference of coefficients in various seasons for b{* with &1 and n.-(£-1) degrees of
freedom, and for & ¥ with £-1 and n,-2(4-1) degrees of freedom.

*significant at 0.05 level **significant at 0.01 level
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Fig. 13. Relations of the population densities of
bacteria and the environmental conditions
to the distance from pulp mill in bottom
sediments in Hiro Bay.
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Thin solid lines show the regression
lines with common coefficent but sea-
sonally different constants.

Thick lines show the regression lines at
pooled data.
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tom sediments in Hiro Bay.
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Table 35. Correlation coefficient matrix of the population densities of bacteria to the environmental conditions
in bottom sediments in Hiro Bay.

Temp J/COD JWC JIL JHCel JESChH JOK SC
Factors Temp. of Root of Root of Root of  Root of hemi-  Root of 70% Root of Root of
sediment COD water Ignition  cellulose ethanol sol. organic sulfide
in"C in mg/g content loss in Glucose fraction in acid content
in % in % mg/g Glucose mg/g  in pgeq/g in S mg/g
Aerobic bacteria
log H 0.16 0.66%* 0.71%* 0.68™* 0.60** 0.65™* 0.39 0.67%*
log G 0.19 0.63%* 0.57** 0.61** 0.58™* 0.43 0.36 0.64**
log X —-0.28 0.61** 0.43* 0.59™** 0.63™* 0.77** 0.27 0.60™*
log A —(.16 0.25 0.26 0.22 0.19 0.53" —0.28 0.20
Anaerobic bacteria
log ANH 0.59** 0.29 0.42%* 0.26 0.24 0.03 —0.09 0.31
log ANG 0.39% 0.50** 0.58™* 0.48" 0.55™* 0.26 0.56 0.56™**
log S 0.13 077" 0.70™** 0.76** 0.76** 0.62* 069" 081*F

Sample size is 26 (15 for 70% ethanol sol. fraction and 9 for organic acid).
**significant at 0.01 level

*significant at 0.05 level
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Table 36. Results of multiple linear regression analysis by the stepwise procedure (K, = F,, = 2) of the
population densities of aerobic bacteria in bottom sediments in Hiro Bay.
Step of  Constant Temp(x'l)fééﬁ(.z"ZNWC(.{:O\/_I»I?(J@) JHCel(x5) Sm‘im&er(dm;lmy i .
. vanapie .y 2 r
selection ag a as az ay as ag ‘
log H 1 —2.354 0.980 24 A S Vel B
0.71) '
1 3918 0.216 24 063%F 083**
(0.63)
2 2345 0103 0207 —1.099 22 ;= o44* o072
. (0351 (060) (—0.44) re = ~0.39
log G e , . ek
3 1.941 0.135 0.019 0.683 —1.395 21 0.27 0.74
(0.67) (0.05) 1.58) (—0.56)
4 1916 0138 0.744 —1423 22 ry= 0577 074
(0.69) (0.63) (—0.57) Py ().658*
ryg = ~0.50
1 3.580 0.423 24 0.63** 063
(0.63)
e X2 3.461 0.018 0413 -0715 22 0.72**
o8 (0.15) (0.60) (~0.49)
3 3.765 0.405 ~0.551 23 0.72%*
(0.59) (—0.38)
y=agtaprytoagry -t + oar,
r: Partial correlation coefficient of newly entered variable, R: Multiple correlation coefficient.
Summer dummy variable was entered with Temp variable in equation.
Values in parentheses show standard partial regression coefficient.
*significant at 0.05 level **significant at 0.01 level
Table 37. Results of multiple linear regression analysis by the stepwise procedure (F, = F,, = 2) of the
population densities of anaerobic bacteria in bottom sediments in Hiro Bay.
v Step of Constant  Temp () vCOD (22) vWC(xry) VIL(ry VHCel (s "o - R
’ selection ay ay ay as ay as °
1 4.434 0.055 24 059%F 059
log ANH (059
og ANH
B 2 4.112 0.058 0.169 23 0.38 0.67**
(0.63) (0.31)
1 ~9.104 L656 24 058™  058*F
{0.58)
2 ~9.277 0.076 1509 23 035 0.65%*
log ANG (0.30) (0.53)
3 ~1.744 0.110 0.388 0.749 22 039 0.72%*
(0.43) 0.14) (0.50)
4 1.056 0.119 0.909 23 ry = 054" g7
(0.46) (0.60) rs = 0.64%"
- 1 1.356 0.182 24 o™t 0Tt
log S 077
y=agbtayry Y oagrs b + oa,x,

r: Partial correlation coelficient of newly entered variable, R: Multiple correlation coefficient.
Values in parentheses show standard partial regression coefficient.
**significant at 0.01 level



Table 38, Multiple linear regression equations to express the influence of the environmen-
tal conditions on the population densities of various groups of bacteria in bot-
tom sediments in Hiro Bay.

Constant  Temp(z,) COD (22) vWC(xy) HCel(xs) Summer dummy

¥ variable {2'4) R
Qg ay an ay asg ag
Aerobic
bacteria
log H —2.345 0.980 0.71%*
log G 1.916 0.138 0.744 —1423  074™
log X 3.765 0.405 —0551  0.72%*
Anaerobic
bacteria
fog ANH 4.434 0.055 0.59™**
log ANG 1.056 0.119 0.909 0.71**
log S 4,356 0.182 0.77**

**significant at 0.01 level

Table 39. Correlation coefficients between the population densities of bacteria and the en-
vironmental conditions, estimated by the multiple linear regression analysis
(dummy variable is used to express seasonal difference) in bottom sediments in
Hiro Bay.

Temp JCOD JHCel JESCh JOA NS

"y 24 24(21) 24(21) 13(11) 7(6) 24(21)

Aerobic bacteria

log H 016 0.66™* 0.60™* (0.86™%) 0.39 0.67™*

log G 0.19 ©71%*y 073 (0.88%%) 0.36 (0.79™%)

log X —0.28 ©72*%y (070  (087™) 0.27 (0.77%%)
Anaerobic bacteria

log ANH 059*%  (056%%) (053%™  (065™%)  —009 0.31

log ANG 0.39* (076**%)  (0.80%*) (091"  (090™)  (0.83*%)

log S 0.13 0.77** 0.76** (0.8**)  0.69* 0.81**

Values in parentheses show correlation coefficients corrected {or seasonal difference.

*x

*significant at 0.05 level significant at 0.01 level
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Table 40. Correlation coefficient matrix of the

population densities of aerobic bacteria in
seawater (I'm layer) in Hiro Bay.

Factors log G log X log A
log H 0.72** 0.61%* 0.78**
log G 0.95™* 0.94**
log X 0.81**

**significant at 0.01 level

Table 41. Results of the multiple linear regression analysis (dummy variables are used to

Xy
rophic bacteria (&) in seawater.

e)q[)ress regional and seasonal difference) of the population density of aerobic
an-decomposing bacteria (v ) on the population density of aerobic heterot-

Various equations

Common regression coefficient
at various data

Factors Fo
an ay F(, ny /}“(k) ll {M F A f) ({k} [) {M
Feb. -038 098 1371t 7 0.03
Hiro  Jun, 0.35 046 457 4 -1.17
ay 086  1021**  2635™* 037
Bay Sept. —213 094 5105 4 —171 0
Iwakuni . Ak, ,
Area 0.15 081 37.81 24 =012
Feb., 0.87
Jun. —0.25
R 062  3561%F  7136™  4.60*
Sept. —~0.43
Yoshimi ; .
Bay —-045 025 276 22 —204

y=agtap y=0o6d"+b6Mz2

F,: The Snedecor’s Ffor a, with 1 and n, degrees of freedom,
F,: The Snedecor's Ffor 5% with 1 and no=(£-1) dz:)grees of freedom,

F, : Difference of coefficients in various data for b

with £-1 and »,-(£-1) degrees of free-

dom, and for b ¥ with -1 and n,~2(k-1) degrees of freedom.

*significant at 0.05 level

**significant at 0.01 level
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Fig. 15. Relations between the population density | of laerobic | xylan
-decomposing bacteria and the population density of aerobic
heterotrophic bacteria in 1 m layer of seawater.

O :Feb, PB:Jun,

@ : Sept. in Hiro Bay.

Thick solid lines show the regression lines with common
coefficient but seasonally different constants in Hiro Bay.
Chain line shows the regression line of Iwakuni Area (§)
with the same coefficient at Hiro Bay.

Broken line shows the insignificant linear regression equa-

tion of Yoshimi Bay (&).
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Table 42. Correlation coefficient matrix of the population densities of bacteria
in bottom sediments in Hiro Bay.

Factors log G log X log A log ANH log ANG  log S
log H 054%%  056%F 061" 0.26 041* 0.74%*
log G 0.73**  p41™ 0.52%* 058 0.65%*
log X 0.58™ 0.35 0.40* 0.58™*
log A 0.00 0.01 0.37

log ANH 0.77** 0.35

log ANG 0.64%*

*significant at 0.05 level

**significant at 0.01 level

Table 43. Results of the multiple linear regression analysis (dummy variables are used to
express regional and seasonal difference) of the population density of aerobic
xylan-decomposing bacteria (v ) on the population density of aerobic heterot-
rophic bacteria () in bottom sediments.

Various equations

Common regression coefficient
at various data

Factors Fy
ay a, F, e b¥ b P F, bdP b{Y
Feb. 256 0.32 264 6 0.22 )
Hiro 1y —L1§ 090 4102 4 —017
ay
Sept. 060 054 592 4 ~048
L 7 . Y0 073 s808** 1132 238
nov. - 1.55 1.11 14.01 4 0.60
Yoshimi ~161 092 3107 29 ~044
Bay

y=agt ayy y=b+ 6

F,: The Snedecor's Fior a; with 1 and », degrees of {reedom,

F,: The Snedecor’s Ffor & with 1 and ny-(£-1) degrees of freedom,

Fy 1 Difference of coefficients in various data for 6% with k-1 and ny~(k-1) degrees of
freedom, and for &% with £-1 and n,-2(%-1) degrees of freedom.

*significant at 0.05 level **

significant at 0.01 level
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Fig. 16. Relations between the population density of aerobic xylan
-decomposing bacteria and the population density of aerobic
heterotrophic bacteria in bottom sediments.

O:Feb, ®:Jun,

with the same coefficient at Hiro Bay.

@ : Sept.,

@ : Nov. in Hiro Bay.
Thick solid lines show the regression lines with common
coefficient but seasonally different constants in Hiro Bay.
Chain line shows the regression line of Yoshimi Bay (&)

Table 44. Results of the multi!plc linear regression analysis (dummy variable is used to
express regional difference) between the population densities of bacteria and
the environmental conditions in bottom sediments.

Different eq

uations

Common regression coefficient

at different areas

2 Fy
Factors ) " " . e
dy a) F o« Hy b(f b 1( F, bn(»’e) b 1(1('}
log X(y): VHCel ()
Hiro Ba 3.1 174 30.65™% 3.20
Hiro Bay 3.15 074 30.65 4 1 071 25 a2 478
Yoshimi Bay 374~ 100 1.63 2 2.62
JSCy )yt log S ()
Hiro Bay ~1.94 047 1234 4 - 1.66 .
N 042 2093 3.65 0.68
Yoshimi Bay — —~0.88 030 2045 2 --1.34
Data pooled  ~083 028  2202* 8

y=agt oay, y= /}(,'“ + b l(k) x

F,: The Snedecor’s Flor a; with 1 and n, degrees of freedom,

Fy: The Snedecor's Ffor &{* with I and na-(k-1) degrees of freedom,

E, : Difference of coefficients in different areas for b
with £-1 and n4-2(k-1) degrees of {reedom.
*significant at 0.05 level  **significant at 0.01 level

of freedom, and for &%

(k)
1]

with £-1 and ny-(k-1) degrees
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Fig. 17. Difference between Hiro Bay and Yoshimi
Bay in the relations of the population den-
sities of bacteria to the environmental con-
ditions in bottom sediments.

@ : Jun. in Hiro Bay,

A : Jun. in Yoshimi Bay,

O : Other seasons in Hiro Bay.
Thick solid lines show the regression
lines with common coefficient.
Chain lines show the regression lines at
different areas.
Broken line shows the
linear regression.
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Table 45. Compositions of genera in aerobic xylan-decomposing bacteria isolated
from seawater and bottom sediments in Hiro Bay.

Genera

#
Seawater

Bottom sediments

Xyldn Glucomannan
plate (A)* liquid tube(B)™™
Pseudomonas 4
Vibrio— Aeromonas 6 5 3
Bacillus 27 48 14
Others 5 4 2
Total 42 57 19

* Isolated with wheat straw xylan plate medium.
**1solated with softwood glucomannan liquid medium.

7 % NaCl i CoORIfE AR &% < OVERAIE L 2 51
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BT, 7o — A% EOEMHI L OEOLIR, T T
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ELBE PR R LAY, RO 2 IR & e ie b
PR Td o Foo BB, R T ILF P RRONRO I
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OB LD TH 72,

B, % pH B L ORI ORI B0 B K
i, Tabled?, 48 BL U4 IIRT LB TH D,
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Table 46. Characteristics of aerobic xylan~decomposing bacteria isotated from seawater
and bottom sediments in Hiro Bay.

Genera and sources

Pseudomonas  Vibrio—Aeromonas Bacillus Others
Sea Sea Bottom sediments Sca Bottom sediments Source
water water A B water A B pooled
No. of strains 4 6 5 3 27 48 14 11
Morphology
Gram- positive 0 0 0 0 78 56 71 27
Gram-negative 100 100 100 100 29 44 29 73
Rods ; length<2um 75 83 60 100 22 31 29 64
Motility 0 100 100 100 70 79 71 55
Flagella Polar Peritrichous
Biochemical test
Catalase 100 100 100 100 100 100 100 82
Oxidase 100 100 100 100 26 56 71 27
Fermentative 0 00 100 100 93 100 71 64
n_xeta}bohsm
Oxidative 100 o 0o o 7 0o 2 9
metabolism
Indole production 0 0 0 33 0 0 0 0
Methyl red test 0 33 80 33 56 67 50 27
V-P test 0 33 40 0 26 44 43 9
HaS production 25 17 60 33 41 44 0 36
NO; reduction 0 67 60 67 63 33 50 36
Ammonification 100 33 60 100 74 71 86 55
Acid from
Glucose 100 160 100 100 100 100 100 82
Maltose 100 33 100 67 81 73 86 73
Lactose 100 33 80 0 85 67 50 55
Sucrose 100 100 80 100 100 98 100 91
Mannose 0 33 100 100 93 96 100 91
Galactose 100 33 100 33 85 83 71 18
Xylose 0 33 100 33 93 94 64 45
Arabinose 0 100 100 33 89 85 86 45
Cellobiose 100 50 100 0 96 92 64 55
Mannitol 75 50 80 67 93 92 64 73
Glycerol 0 50 80 33 89 90 64 73
Hydrolysis of
Casein 25 83 60 33 63 63 36 64
Gelatin 100 100 80 67 100 94 86 73
Starch 25 67 60 33 89 46 50 82
Agar 0 0 0 0 37 13 43 0
Na-alginate 0 0 40 0 30 4 0 9
Growth in/at
7% NaCl 100 100 60 100 96 83 93 64
5°C 100 67 80 33 15 5] 14 27
37°C 0 50 80 100 93 96 93 73

Number (%) of strains which showed positive response.

IPHEEER L ) 2, WO SR PRV IR U 2o HEE 2 Tehe SO EAXTEHHRIS B0 S B OMIROME O 1

EDFEEMEOFET TS, »h Wildhod 20k EBb DEHER NS,

N5, Teds, TR B K o HUBLHE OFBUE IR B iR
B, WIRSBHROESHCH D Bacillus BOIE & DY L Al L, RRSHEWER E F RO #SE

AEDHEBIZHRMETHY, Lrd, BEBOBEIER ROEMEMIZTTHLI LMoLl o/,

Pl EdTnbZ ik, —#omdilE s o7 R
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Table 47. Numbers of strains which showed the growth at various temperatres

in aerobic xylan-decomposing bacteria isolated from seawater and bottom

sediments in Hiro Bay.
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No. of Incubation Temp.(°C)

Genera Sources strains " .
tested 0 5 10 15 20 25 30 35
Pseudomonas  Seawater 4 4 4 4 4 4 4 1 1
Vibrio— { Seawater 6 3 3 5 5 5 5 5 5
Aeromonas E@‘z{;&fé‘ms 4 0 0 3 3 3 3 3 3
S nte . o ” . o . 0
Bacillus Seawater 27 1 3 23 23 24 24 24 24
Bottom . ) ,
sediments 47 0 0 41 42 44 44 43 43
Others Do 9 5 3 9 9 9 9 9 9
Total 97 11 13 85 86 89 89 85 85

Table 48. Numbers of strains which showed the growth in various pH media in aerobic
xylan-decomposing bacteria isolated from seawater and bottom sediments in

Hiro Bay.
No. of pH values in media
Genera Sources strains "
tested 4.5 5.5 6.5 7.5 85 9.5
Pseudomonas  Seawater 4 4 4 4 4 4 4
e W ate 3 [ :‘ = 4 f'
Vibrio— { I&;;?t\g;;:u 6 i 5 5 5 5 5
Aeromonas sediments 8 6 7 7 7 7 7
Bacillus iS;eawaler 27 16 20 22 23 23 23
1t
codiments 62 47 55 56 56 56 56
Yehers Source
Others pooled 11 9 11 11 11 11 11
Total 118 87 102 105 106 106 106

Table 49. Numbers of strains which showed the growth response to different salinity in aerobic xylan-decomposing
bacteria isolated from seawater and bottom sediments in Hiro Bay.

Types of diluents in media Groups
No. of 05% 3% 1/6 : No grow!
. . ) . X; : 6 Terres~ Halo- . INogrowth
Genera Sources strains  Pure NiCl NaCl  sea  Sea trial philic Marine  in all
tested Water ¢oln  goln.  water Water type type  type media
Pseudomonas Seawater 4 0 4 0 4 4 0 4 0 0
Seawate 5 5 5 5 5
Vibrio—Aeromonas { ELO:::):“ 6 0 ° ’ ’ 2 0 N 0 !
sediments 8 1 5 3 8 8 4 3 1 0
) Seawater 27 12 22 22 26 26 12 8 6 1
Bacillus { Bottom Ny , ’
sediments 62 37 44 42 60 60 37 11 12 2
Others Source 11 709 10 111 7 4 0 0
Total 118 60 89 80 114 114 60 35 19 4
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Vibrio- Aeromonas, Flavebacterium 3 & U Bacillus I
DETIE T 21— 2O FETH 7)% ,
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2T DMARGIRE DS Z L DRRDF - Tz, F A,
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Pseudomonas 3 &
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Table 50. Compositions of genera in aerobic xylan-decomposing bacteria isolated

from the sea near Yoshimi.

Bottom Total No.

Genera Seawater sediments Seaweeds of strains

Pseudomonas 6 2 24 32
Vibrio—Aeromonas 2 4 9 15
Achromobacter 5 1 6 12
Flavobacterium 1 1 2
Bacillus 8 22 4 34
Unidentified 4 12 16

Total 26 41 44 111
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Table 52 % &, Pseudomonas 3 & OF Achromobacter %

DEWHTH 0T B LUSC I BTHMEDE ¢, b

HUEME O EO D MENT LV, TN LT Vibrio-

Table 51. Characteristics of aerobic xylan-decomposing bacteria isolated from
the sea near Yoshimi.

Genera
Pseudomonas L;’{:,;.g;; onas Achromobacter  Flavobacterium Bacillus l{f}ll(éﬁn -

No. of strains 32 15 12 2 34 16
Morphology

Gram-positive 0 0 0 0 50 56

Gram-negative 100 100 100 100 50 44

Rods ; length<Z xm 81 87 75 100 44 38

Motility 94 73 50 0 71 44

Flagella Polar Polar Peritrichous Peritrichous
Biochemical test

Oxidase 100 100 100 0 71 56

Fermentative 0 100 0 100 71 50

metabolism
Oxidative 100 0 92 0 24 44
metabolism

Indole production 0 20 0 0 0 0

Methyl red test 0 ‘80 0 0 29 19

V-P test 0 13 0 0 50 0

H,S production 9 33 8 0 21 6

NOj reduction 56 87 75 100 38 75

Ammonification 97 60 75 50 85 38
Acid from

Glucose 94 100 73 100 88 75

Lactose 13 93 42 100 21 50

Sucrose 72 100 67 100 74 75
Hydrolysis of

Casein 75 20 50 50 12 6

Gelatin 81 67 58 0 65 63

Starch 84 93 75 50 44 81

Agar 9 60 0 0 0 19

Na-alginate 75 53 58 0 6 25

Number (%) of strains which showed positive response.

Table 52. Numbers of strains which showed the growth

at

[various . temperatures | in aerobic xylan

-decomposing bacteria isolated from the sea

Table 53. Numbers of strains which showed the growth
in various pH media in aerobic xylan-decom-
posing bacteria isolated from the sea near

near Yoshimi, Yoshimi.
No. of Incubation Temp.("C) No. of pH values in media
Genera strains Genera strains

tested 0 5 10 15 20 25 30 35 tested 456 55 65 75 85 95
Pseudomonas 32 16 26 29 30 31 31 31 29 Pseudomonas 32 1 29 30 30 29 29
Vibrio--Aeromonas 15 0 013 14 14 14 14 12 Vibrio—Aeromonas 15 3 15 15 15 15 15
Achromobacter 12 5 7.7 8 % 8 9 7 Achromobacter 12 0 8§ 9 9 8 8
Flavobacterium 2 o 0 0o 1 2 2 2 |1 Flavobacterium 2 0 1 1 1 1 1
Bacillus 34 0 0 9 22 29 29 28 28 Bacitlus 34 18 29 30 29 28 27
Unidentified 6 0 1 7 10 11 12 12 10 Unidentified 16 0 1 11 10 9 9
Total 111 21 34 65 8 96 97 96 87 Total 111 22 92 96 94 90 89
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Aeromonas, Flavobacterium 3 % O Bacillus I O WL, Table 53 %%,  Bacillus i 0H#5 50% Ok B X O Vib-
T AT 10C PLLEOBRUETHH L, Wihw S il ¢ & rio-Aeromonas JE 0> 20% DUWBRIL, pH 4.5 128B1) 585
W LTV, e L, BV pHIZ S A A Edvbdh o iz, il

Tahle 54. Numbers of strains which showed the growth response to different salinity in aerobic sylan-decomposing
bacteria isolated from the sea near Yoshimi.

No. of Types of diluents in media _ Groupes No growth
Genera :s-grzxilis Pure &iz/‘jl Njoé{)] 1/() Sea I:;];TS' ])ll;lxll(x)[ Marine in all
tested water ol sal \\?ailder water type }type type media
Pseudomonas 32 2 2 4 21 31 2 2 27 1
Vibrio~Aeromonas 15 1 2 5 5 15 1 4 9 1
Achromobacter 12 0 0 1 6 9 0 1 8 3
Flavobacterium 2 2 2 2 2 2 2 0 0 0
Bacillus 34 10 27 27 33 32 10 17 6 1
Unidentified 16 2 5 6 10 13 2 7 5 2
Total 111 17 38 45 77 101 17 31 55 8

Pseudomonas

03 | Vibrio-Aeromonas
L ff‘ [
0.2 L o
T !- /—\ "V' g T S L K
zé [ R . X N S o]
- 0.3 L Achromobuacter |
s’ [
’f
03 L Bacillus |
5 /
) {
0.2 k‘ r "
L L
{ - . .
0 5 0 15 20 25 30 35 45 55 65 75 85 95 sw 05% 3% 1/6 ow
PW. NaCl Nacr Sw, 3
. . . . Nall NaCloaW,
Incubation temp. (°C) pH in media

Type of media

Fig. 18. Growth of aerobic xylan-decomposing bacteria under different conditions
in HIDAKA's media.
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Fig. 19. Procedure for determination of P. §, value.
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Fig. 20. Gas-liquid chromatograms of alditolacetates from the acid-hydrolyzate of dilferent

hemicelluloses.
Ara: L-Arabinose,
Gal : p-Galactose,

Xyl: p-Kylose,

Gle: p-Glucose,

Man : D-Mannose,

A« Internal standard substance (Methyl- B -D-glucoside).
Column packing : 3% ECNSS-M on Gas Chrom Q 100-120 mesh.

Temperature : 180°C (constant).
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Table 55. Xylan-decomposing activities under aerobic condition in various strains
isolated from various sources in Hiro Bay.

G 5 No. of Grades of activities™
enera ources straine
SUAINS o e e *
Pseudomonas Seawater 4 2 2
Vibrio— { Seawater : 2 2
Aeromonas Bottom { A { : 1 1
sediments B 3 1 2
Becillus { Seawater 27 13 2 3 7 2
e Botom (A 48 1339 14
sediments B 14 7 1 1 5
Source
Others pooled 11 5 1 5
Total 118 1 83 12 4 16 22
*P.S. value: Absorbance at 480nm 105 -, 055 +H- <10, 0.3 ++ <05,
0.155 ++<0.3, 005=+<0.15 0.00<+<0.05.

Table 56. Xylan-decomposing activities under anaerobic condition in various strains isolated

from various sources in Hiro Bay.

. No. of Grades of activities™ No growth
‘Genera Sources strains - and/or no
) S s e s % decomposition
Pseudomonas Seawater 4 4
Vibrio— { Seawater 6 2 3 1
Aeromonas Bottom { A 5 4 1

sediments | B 3 1 1 1
Bacill { Seawater 27 18 3 1 1 4
e Bowom A 48 13 2 10
sediments | B 14 8 1 5
Source , _
Others pooled 11 4 2 5
Total 118 1 71 5 1 2 8 30

*P.S. value : Absorbance at 480nm 1,05 +++ ,
0.15 5 ++ <03, 0.05 5+ <0.15,

O L VIR, 29 ROV L DB
i2E KRN, ST L R ORI,
BHIC, RYERR LT PRI OWTIE, F 2T L0
RO OCERT S 208 75% OB MREIE VIR E %
T OTREE LR ST, IREH 9 LR 29 v
B X DRSO E TH » 7z SO K, LN
X5y OEEE L, MEILLCh b EEZLRD,

0.5% - < 1.0,
0.00< 4+ <0.05.

035 ++ <05,

5 - 2 EREBBEBICBUIAIIO—-IOIE
HLUFALDOER

W DR IE IR D WLHE D A CE, 7 B LIS 35
VAN O % BT B DI T v, E 70, B
AR ORI R F 2 TS 2BAL 0 MARO— W7 % B
DI EF, O/ S 25T B 515
B OMEOBBRE D v, 20k D Bl
s, MRS O A & LT, N E
LR R, MEREY I B AR oI L,
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Table 57. Hemicellulose-decomposing activities under aerobic condition in strains
isolated from Hiro Bay, by the use of wheat straw xylan plate medium.

Wheat straw xylan
~-decomposing activities

Total
High activity Low activity
No. of strains 68 31 99
High activit 61 8 69
Softwood xylan & v
-decomposing Low activity 7 21 28
activities . .
Negative 0 2 2
. High activity 21 2 23
Glucomannan
~-decomposing Low activity 29 10 39
activities
Negative 18 19 37
High activit 17 1 18
Hardwood xylan & v
-decomposing Low activity 50 27 77
activities
Negative 1 3 4

High activity : Grades of activities expressed as -+
Low activity : Grades of activities expressed as -+ ,+ and + in Table 55.

, HH and &4+ in Table 55,

Fig. 21. Appearance of sediments with hemicelluloses and cellulose

in incubation bottles.

X: Xylan 2%, GM: Glucomannan 2%

N: No addition.

WHRAEBTWA, Lhl, NIt u— &L
BT AL OERIZ>WTE, £ 57 AT
T, Lodo 0, RKificidoo~itbrg—2%

TR L 2ok A
Ui oo i Lo v

C: Cellulose 2%,

NI - ADSEE L
L7z.
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Fig. 22. Changes in bacterial numbers during incubation of sediments
with hemicelluloses and cellulose.
@ — . Glucomannan 2%, @—-_: Xylan 2%,
Oz : Cellulose 2%, ©;227>_: No addition.

= B H % 100 mi FEFEM & Bl 7228, S OMEEREICIR T 258, W

’ WK% 75ml & Lize SROIZKREROH 1% o

EIRBIERR BECIRE WML, 2 B 1E, EIRE 5OV Lo iR o

gy o b v BB ORRERIZL, 60 A v
2 D5 DLVEES SR 720 sk & LCOHW,

vo))& BEHCIRIC 2% OBEGTAI T~ AB LN

o)

T MUK 300 m! %

—AEREML, ZORAEIE 100g % 500 m/ HFRIICA
i,

MARRE TN E Lz, T2,

/34 (100m/ £ 720k 25 md) %3 UV BR iR Tt L
AT, 200 £/ BEE TR L, —E R L
Feoh, 500m BEREBUCIE, MMy ARV K
W PRI L, HHIEESB L COD 4 ol
M E U7ee &7, 100 m BRI 25 JEBRIK T & 12



it

COD (mg/g)

60+

8.0

40

20

REHMEL BT Do~ Tk 17 - RGP o 1 T 173

pH Sulfide content {8 mg/g)

0.6

0.4

Incubation time in days

Fig. 23. Changes in COD, pH values and sulfide contents during incubation of
sediments with hemicelluloses and cellulose.

@— : Glucomannan 2%,
O---: Cellulose 2%,

@—-: Xylan 2%,
Oremmm : No addition.

35k cf)ms FULH ML TR L

Fro B, HilkER -t;‘fﬁ,')'ff':}i'[“ , Mg 2%
L2 & Hv 7o,
BCIEHARERIZ L, N3 -k LT 2 e,

b M R AP SR O (K ot R I
-2 & T
w7z,

HIB OB

R AU BE b
IRt alF &2 i3
SR R e R S 25 1)} 4[,1, WESCPE & & o o o ia
A & OSTERERETT AN B s o W T R B L L - T
FNFNZ2BRU2 3 LU HFECHER L, &8,
B R OB DU YE S 25 LR B o v T,
WARKEERE TR & » THML L 720

COD, NI~ RiELEDRE

IEHR o> COD, pH, ik,

R, B

T O o — 289 (HER BRI K. )

ANCZ LT O

E70% 2% — 7 LIS > wCld, #h#h, 23
LW Lz, BB, A~k ue Afioown
TE 1% NaOH o3 o s -2 v Tilfss L7z,

R LUER

BREHERICBIAAI IO IDBHEBIOEES &
UL OERICRIFTREOBY

ERHIRIZA I BN O - AB L UL — AR\ L 7
BB R o) 10R H oMk f %, Fig 2112589, 72, K
JexE A o AR B oS % Fig.22 12, COD, pH B
& U‘(ml.ﬂ.f/];ﬁ@ Hbx Fig. 23 125559,

Fig. 21 I/ 64 s &9 6z Tk T - ARIIE Rk
i — A »)Jlllx QBT f~)m|>< 2T, iR
Hh iR R F TIRAAEANHEA T \zam FH S,

Fig. 22 20 6, Frieh o 24 D s 203 53K B L ool

WIME A BB L /;»f(—m, L, 3
1H B CEREFNIRENE - Ty b, \_0>!"'\0)/\ B2
O ZRONE L B DA EE S 2T v S I i 10°

CFU/g CTd Y, MM o o= v 2 55 I 2ok

107 MPN/g b T, ML 2 2 0 i b 5 50
RGNSz 7, BESCPEGEIE SR 80 0 R B 5 T v
I I NSO LA ST, BINED S Bz LA
Eimo#lin+ oo o, TN60I s, LofiE
WL, R A MME IR A SO
WYRADEA, 17TH H oM 2 1"6'1;*;':%)0)&.'@%21




174 2l

Aerobic heterotrophic

bacteria

—

o

~

3

Pd

[

&)

w
=2

N . : :
Aerobic xylan
-decomposing bacteria

~

o
>
Z.
&
Z
<

5
2

log (AN or MPN/g)

Anaerobic heterotrophic
bacteria

oY

6 A_ - - .-A
,
, 4
’
s
A
’
’ .
,¢ Sulfate-reducing
’ bacteria

Anaerobic xylan
~decomposing bacteria

0 3 7 11 17

0 3 7 11 17

Incubation time in days

Fig. 24. Changes in bacterial numbers during incubation at different
temperatures in sediments with 2% xylan.
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Fig. 25. Changes in hemicellulose, carbohydrate, pH values and sulfide contents during incuba-
tion at different temperatures in sediments with 2% xylan.
O :30°C, O :20°C, 9o 10°C.

T AL — AVEINE D 2 1T — GBI & (2 ETFRLE %
Eiic b Edbhot, &8, TOEMT—RR
MK BT BHA O LR OB, I Ok & HILL
7T o rze PLEOZ Eds, I 26 S/
I T—- AL — AL ERCHAE R RS,
A BT AL O A IR BT 5 2 Lk
g o f:o

ERESERIIBUB3AIBILIO-ASBHEBEOEES
LU O ER I RIFTEEEEORE

FoT LRMEERPOZRMERB LA LT — 2
fith &%, Fig.24 BLU2B5IRY, Fig.24 76,
HHEMI BB BB AR T X p B b, 30T B
BCHTCIZ3HETIRIERMH E 2 oo, TRIHLT,
10CTHERRTIE 3 HE F COMMEHoMmLNE L, 2otk
KEZHEM U CLIE eI 3 o8ha & FIBIE oMM %% &
Lolte B, 20T BgeCid, Wi o i By S I &
RLTze & UL, HRERE o L AMEEDORKE VM
WBEE, RERRTCHIE Cdh - 72 —H, ¥ 9 o H
TP AR b L MR R M B AL LS, 30°C Bl
BITLHIE A3 HELS 7 BH~ANT RS L o7
D h, BRI T AT R Sz, T s O

fliE, FTEER SEREMITH eI AT MU e S
Vi BLEDZ & L WO NIRRT B U D ISR S
I O RS ECELD L, T DHH
&, B EOREN & O A OSMAHERT L7 HF
B DI R R ITRIE R o 9 v ORI OERIZ LA D
DEEZHND, TR L2 BSUE BN BN T,
WFEPEAN 2 v o — AN o W Al & LT
HENTEY, oo MELEER VA, »ah OB
Wi HHENEEZOND, d, WIEIEED OB
F 1T ABMEICS SRS OBPP R SR, TRl
WFEES 2 5 o T O IR % o5 0 B 5tk AR P TR Y
P, MRS 2 T L AR OB L TR s
TwblzbbEzbns,

Fig.25 B 6 hk £ 512, 30T 83cimmL 72~
AN - ADGRIET AR THY, 72, WikioE
b BHEIHETT D 2 ERD LNz, INEOZ LIS
BBV O EHEERIIIZE, A3l — AONHR
AL DL EEBAHAITT 2D EHIONR D, &
B, 10T BTN 3 b0 — X OS50 A7 B o0 4 ik
(PHDET) Z &3t b oo, WL oLmIZiEEs
b D EHEM S i,




176 K

6. % ¥
RIS BEEHBER D S B, ST L 60
e, Uy, ram—A, NI —-ABLRF
hb(/)/}‘f‘JW) % &k L Ml OBREEIMUE SOV S
OB E b, 70)/‘ af; S OMELI DV T
1950440 % L2 % { DIFFEA™T b Lz,
FOH, 2L TR RO % AL,
Wiy 5T b /\)1/7‘;‘-‘J“\@'!Uzi/\f)*ﬂﬁh‘ 230 T EE K
DG S R LTES, , kBRI S
oEbdHoT, COD &)ﬁirﬂ@‘éf,’éﬁ%i"/ﬂu’ézw) v
FIE ORI RO EE I N D LI Il - T E
Tro T LD AR OEIISE - T, TGN S
NHEER O YNNG S L7205, JuJ«Jer’-wM B
FE ALy, FA, BURCIE, W - T
5 OBEROMBIL F 7E5e e L E T, ifé‘;MHW)H
1, BT - AR 3 b - A A B SR L R
L, HRSOHEOEIHD 1212 Lizhs- T
I Dk D BESKRO MM DR 4u S AL
P L OG0 Re Lo ThiblEL N D,
HEBRAZ BT B 7 SOV T HE AR S OO S A W 45 At L T aE L 7
ek LCid, 4G b — AR < B T L
4 AR Z e AT B RCB Y, KikpoLLa—AD
SRR S T, BB E A Z E DTSN TV A,
LarL, Lo & )ik s LTl 3 b —
A DR LT, 138 A AT v
Vi,
28 ;E/J\(m.l(fljj'ﬂd‘.nb“)é
I O 4’11”) YA
Fhdh, LPREESRIEEEE LT, A3 a -2
GBI O AT B, KRN kR AL C, £
NS OPAET — & BT L, ~ 3 Lo — 2RI O 55
O S0 wCET L, & 512, Bl S IR
T LTI 2 L, ER O ORNMMEIRE L
AN E LT - ASTREGE, e S OSIZICTRIE R L BN 3
BT = AV HL oW THRET L s, s R
BRI LB TH D,

A Nl

Tk,

i,

SOOI Xf/)"f”” 4.3 % iy o
LML ESELT

1) HERISIRAE T BN 3 R LT AN B R S
200> »wvf%&¥ T e E v sy
TN O il L, FolEvHGC, 23

A WA A '},’;li'éz}c;ﬁr;}\ifu’;h&f‘dob B L, N1k

W — AR O DA BT, FORRICL AL, O
DR OB R DU EME X T ‘/’myé T 0 10~ 10"
CFU/m!Td b, WA HEE s euod 4 2 1AM
F T LN O AL 1/10~1/100 Tdh o 72, Z DAF
W IE G TH HHFRETCoEN (171000 ~
1/10000) &S H EhL D KEVTH -0, £ /2,
GEIR T ORI i{:-}l/lo EREMUTH 20 ZHE
D EME, 2T ILEEERO T A DO IR Tl
Mo 4 f@fﬂ!ia’Wﬂr(LJLf)‘}\é Wz & DTS il
i i

—J, IR, MPAEy
10°~10" MPN/g , W-5ES & T & I Eohs 10°~10°
CFU/g 3 & OS2 v v o 5 IRt A8 107~
10" MPN/g “Cdy» 720 & 7z, EFECPEDEI S o S0 s ad
T HUFRME N & 9 v G RIR o ididid 1/10~1/100 T
HYy, HRHETOEN (1/100) LIERD LR E
MRR L. ZO& D10, BRIRS Tlds b T HRI AT
IR e BN R R 2o o IR O
B L TR P IS BT B3 &R B VIR v o, IR
X3 AN D % A Bacillus B OME SR S 1L
Tuhizizd & lbis, bbb, IHROICRP
SR O X A T B AT ENETEIR S o S ‘b.
Bacillus B0 & b3 40mb L 8, $/, T hsm
Bacillus 1213 3 9 v ophe 2 o Mifkds & iz, 3k
PHE AL BT G AR MEREE SAEMIB L AR
3G ST Ok & (h oo b D L%
Shb,

o212 o e ST B

2} %iuéliv‘"z:i:wzofxf LT - A ﬁ}\ff;%'f:fﬂm%z‘o’) A b R
W& OB %, MRS FE % B CRIT L7 & 4*“

=

i w2 FRRIPT & L,Wifif.[ﬁidﬁ.ﬁr)ﬂr@%’"‘ Beld, 1
R O BRI EE L OTCOD, ANk — gk &

d, ST IIGEWEITCRE L, Fheiinbii L/
Do T B S L e BRI $/2, ~3t
O - AT O I IS S B Lo, &
b 3 b 0 - AR RO BRI R s L OV

F i e smmAs RN, 0, WA R
O AR 6 2, 0B EMEAS T
o — 25 AR L D £ o7,

YRR O R S EROEPH Sl » 720 £,
B O Lm B R A O R UPEDE IR AT B, B B
LU COD OEg8Nd b, GFEME 7 Vo vof 2 IR
iz, #® gk ki o R S s, E A R
FR DTS PE T SR A s & ONBERESROTANTH B T, &

SR




BRI B B N T — R o g 177

ENRT B L COD DEEFR LN, Shizx L
T, o~ 3o — AR, AR IS & O
SHERBICA I g — 2R T 2% - T,
E 6, WPk VT o I R, B
L Chwie SROEDIENEG, ~NI LT — Z50R
AR O IR S 2 2 S, RICHA L
T2 3 AT - REED LTI U T # O WA A3
D& 4 PSP E Tz,

E 610, BB YT ORGSO S, HiR
PORT SR BL I S AR MU B AR ECHE S 5 2 SRl
DB L, 7800 7 BE A N I35 C 4k 7 30 4ok 4k 1) 5 7 1650
AR LCDS, FRETHANLS SRz L ER RS
o E 7z, JEIRHIZ B Y B AT A VETCIR SE SR L & R
F LT LR S OGRS B & O RiE 4 R
DHWCds - 7205, THBTIEHFRB L) 2ok & Willgisk
5270,

3) LB B BUFENES T 9 2 IR O T SRR
BLUBLSVTOREDS, RSS9 > 5 &
LCidiikd s X ORIRA 3612, Bacillus J& 4 L UF Vib-
rio-Aeromonas B OB DL <, ORI SLMC L
HRMFHEGITTRESR T B I EAHE M 5 too0

- Wastewater of Kraft Plup Mill —

(Cooking)

~PDecomposition of Carbohydrate in Coastal Waters

o DBRBRIE, WOMRTES L UPORIY TR Lo
BEDP o Fe Fiz, Pl 2 NS TR (PR
PENEENTED, EROURELESHbETELL L,
IS OFEMIBILEOWHBEIE T CRBIZEH L Cnw5 b
DEMMTE D, 2B, KRFOBETECH D Bacillus I
DO 60% o, BLBOPRMECHLZ LA
AR AN

=03, RO EME S T L ORI & LT,
LR 2 oDEOE NI, Pseudomonas, Achromobacter 3
& U Flavobacterium IR BB R Sz, £/,
R OB RE B, RPFEMOMBETHY,
[ BB OB 15% &b wBE R L.

4) BFEPEN 2T L I O E SRR &, IR
HERRRD A B, WFRINEMSE T TV F 29 v R A iR
WS IRIE R 42 & O Bacillus BAHIIZE <, # 01 80%
DEHEAT B LA, E74, WEBEET TR v
T HWBIEEEROB 5% ThH Y, ThEOBk
& Bacillus B & O Vibrio- Aeromonas (255 5 b DA%
Moz RO 1k, B EOMTT L A MR
BT T3t — A05MHENE LTv25 60 & HEc

X
5200

Waste liquor

B[n'i‘;ﬁlii;:il:)r Dissolved Dissolved Organic B
resin soap XY car!)ohydrfile carbohydrate acid i‘&cc;nc "’é]g
carbohydrate e, ( high MW.) (low MW.) hydrogen and/or CO),
extract W donor v

S, y
(Bleaching) = Wastewater AL Eluent i
treatment
Particulate \
M550,

degraded lignin
hemicellulose

Studge,
Seum

(Papermaking)

Waste liquor

short fiber
hemicellulose

4 carbohydrate
hemicellulose
cellulose

Hemicellulose-decomposing microorganisms
and Cellulose-decomposing microorganisms

iz Carbohydrate-fermenting microorganisms

Sulfate-reducing bacteria

> Methane bacteria

Fig. 26. Decomposition process of hemicellulose in coastal waters (Modified KADOTA's schema 'V )

and related pathway.



178

KD, BT RRERROS A &, WEVEX O 9 v
WL, NI AORMIE & ERINIX & CE ORI
S 23 A%dh B I E A S MR Y, O IR
DML E L SN, /0, NI u—AENRT
VA VT = RGRINR &Y A IS o R AsHERT S B
A - 72

NI L ARINEAZ BV SR L o Bl i i L
U — AR & FBETH D, BERMEICHTEL KR
Evfli R L,

SRNEORPENS, LD BRI T A
LT - A & TR R ORI X » TR E I, R
P BT B BUB O KM SR E LTRSS
B &ML G 57,

5) DLEOHEBEERETLE, /ST IHRERKIZE T
HUSANE: SNET (FATANEE F = B N S g (2T {ATaN
T b — A SR B S A, SRR SRR RS
T AN AN - AP ROLERE T H I LY
SISl o lze Tz, MERSEAMIILC & » TS Lo
B & ORI O A S AN B b — SR AR
M, BREDSHFEEIIPI L, B LTIFRIEANS
LN = AT A Lo~ S v a — A D
DMRIZHE LTWAEEZONRL, 4B, ThoORED
T Bacillus [ 35 L O Vibrio- Aeromonas 5 O I 255
BTH Y, WHBMRAEOLONE L, LhrbERL6D
KAPATMEI R TTHF 29 VR LI - Tw bz,
B OH R COIMBIZENT b0 EHEL LN,

B 50T, EHE, RN I v — AT BT
AL, WA 3 b — AT & R Y B

PR SN Tz S AU OBRGERITE B L2 3o B & OAEMS
W, BITHREMETT LA RIS L o SR O iR b
DG EEI LN,

BlEo X 5z, ~E o — AR I H A L
Foas 3 AL T — A DPIKS I B B 22T <, R
o OFHEREOEI G ST HD%, IS LR
P L RIS TEMI T T & A TR R B SR L LTl &,
b - A O & S, BT C ot Ok
B S LT b 2 DG M E & o THOEDNH
MR R BUIRY E, Fig 26 MKk 12k,

ZOX AU THEE SN L, BERER O X
CAEEICE, KRD S LMOKENEERT LD EER
Hith, & AIROFBBIOL R LKIRTE, £h
SAESGAROEREEL PR LT, 2ICERT LMD
EPHIREWEE A RITT EHE IS,

AR D BIZH Y, PRI N L 5 U
LA ] % 1o - Ao U RS AL R P TR 1R
Wil HIBRMOBERT D,

g7z, AWGEOBITICH Y, WIREE L UHBEEE
1o LR R S EUE BB e, MBI B Bk,
FI¥E G TSRS, AR R A RS W ek,
[FAE BTER BASRAE 4 & DRI RO AR R Mk
L& D %,

S50, WD, AR MECRS L ORI
Do Z MK EIE W BB, o IR SR
MBS S SALUIEE BRI, 7 & CNCRYERR
VAT ) B T K KRR E W R B OB TH -
Pt AT QT o R

X R

1) SPELEE - SE W - AR - R - BYRUSUR
— 0 - P M D PSEERITEL, 45 3%, 1-84 (1983)
W6, 59-103 (1954) ;&7 %, 1-77 (1955)

2) FrHUEME - SR G - AR - IS M- YRR
— i - TEISRER  MHERIE, 4108, 57-135 (1975)
115, 23-115 (1958).

3) Ve - AT ¢ HUKEE, 20, 700-704, 705-708

(1954) ; 1081-1085, 1086-1088 (1955) ; 21, 37-41
(1955).

4y FA BRI - PR O JERECH ), 12, 394-407
(1955).

5) B B BUORSEY - HE R R KR 20,
344-349 (1954).

6) SRAEFH KRBT, 7 (8), 1-19 (1966).

7) T g okMHbAE, T G - SKIR - D,
B HRE, HEHT, 1968, pp. 243-248.

8) W K& ALK EBEK, 16, 1269-1276 (1974)

0) ME—PE - TEERME L KHRE, 16, 347-352 (1970).

10) KBS A RAR AR B R ¢ KIE AR TESE (e T,
A%, HOIE, 1973, pp. 817-841.

11) /EsRE R & BEK, 16, 91-100 (1974).

12) =4 H DRSS 4 404, WI50(4), 16-26
(1975).

13) AR - BARIEW - 79 M NHEKRIFC#E, No. 1,



R B

1-114 (1964).
1) W EIER - ESGEE  KEERIMR, 28, 63-74(1979) .
15) # OV TR SR A L T A, 51048, B
e 68 - JHOK, MRV ST &, OB, 1978, pp.
103-105.
16) LR34 -
17) M 5 -

BAME gk, 51, 625-630 (1977).
SRR e L SUR R, werE, 9-29

(1964).

18) S KRBT, 14, 37-83 (1965).

WA i T - R - EARBCT - 85EIE

) CHRJBIEE - MR L K L EK, 20, 169-187
(1978).

20) J. K. Hamicton and N, S, Tuompeson: Pulp, Paper.
JWHg Can., 59, 233-241 (1958).

21) MRS SE L fbaE & AR, 20, 23-32 (1982).

) BRI -
I s S RTHRRER

ALUE — - PRH S - USRI - A T

PSR, SCECINRI, ORBRE, 1983, pp.

181-195.

23) R. L. Waisteer and C. L. SmART | in “Polysaccharide
Chemistry” . Academic Press, New York, 1953, pp.
134-151.

24) HIPRERng -
25) ML E HaE
(1978).

26) 1. Vance, S. O. Stancey, and C. M. Brown: J. Gen.
Microbiol, 114, 69-74 (1979).

27) REGLIESE - M 8 - S5 - W EIEE L OE ARG,
21, 102-108, 109-112, 113-118 (1955); M. KimaTa,
H. Kapora, Y. Hata, and T. Tapma: Rec
Works Japan, 2, 85-93 {(1955).

28y ARPLIEJT - AT T - M wERE . EMPH
22, 701-707

(1957).
29) H. Kapora: Memoirs Coll. Agr., Kyoto Univ., No. 74,
1-128 (1956).
30) M- -
degik, 25, 295-298 (1969).
310 K. Oxurant and T. Okaicri: Tech.
137-148 (1971).

B e D RRE, 18, 403-408 (1972).
ku.i".!;‘:k DRGSR L, 32, 359-367

Oceanogr.

FHKEE,

S NMRIEYS - REBIESE T B AR

Bull. Fac. Agr.
Kagawa Univ, 23,

32) K. Okurang T. Orarcnt and H. Kirapa: Bull Japan.
Soe. Sei. Fish., 38, 1041-1049 (1972).

33) H. Mivosut and K. Nakamoro: Bull. Japan. Soc. Sci.
Fish,, 41, 645-652 (1975).

34y H. Res. Rep. Kochi Univ, 26,

Miyosti: 11-16

V2 T — R 0 e 1 179

(1977).

35) H. Mivosui: Bull Japan. Soc. Sci Fish., 44, 197-202
(1978).

36) M EERE - A - MED 9T - RMRIESE L BOKEERE

W, 8, 135-145 (1959).

37) M mETE: MR GEAFHR, 9, 329-345, 347-362,
363-375 (1960); 10, 57-77, 79-87 (1960).

38) H. Mivosti: Memoirs Fac. Agr. Kochi Univ,; No. 18,
135-183 (1967).

39) H. S@RENSEN

(1957).

40y AKFFA ALK, 12, 41-48 (1961).

41) nzsz'(}\m 0 HAREE, 30, 506-515 (1964).

42) R. Morita and C. E. ZoBeLL: Deep-Sea Res, 3,
66-73 (1955).

43) M. Dupots, K. Guires, J. K. Hamiton, P A REBERS,
and F. SMmrti: Nature, 168, 167 (1951);, Anal Chem.,
28, 350-356 (1956).

44) R. L. Wuistrer, J. BacuracH, and D. R. Bowman:
Arch. Biochem., 14, 25-33 (1948).

45) K. Aot and J. ORIKURA : Centralbl. Bake. 1. Abt., 74,
321-333 (1928).

46) P. Parric, C. H. WERKMAN, and R, M. Hixon: J. Bact.,
19, 16 (1930).

47) S, A, Waksman and R, A.
119-139 (1931).

48) H. S¢RENSEN: Nature, 172,

955); 177, 845 (1956).
49) M. INAOKRA: Mem. Ehime Univ. Sect. VI, 2,
(1961).

50) E. V. McCorrum and W. A, Brannox: J. Am. Chem.

Sec., 31, 1252-1260 (1909).

v Acta Agr. Scand., Suppl. 1, 1-86

Dignm: Soil Sci, 32,
305-306 (1953); 176, 74

91-94

51) AN - Bk, 12, 587-594 (1937).
52) oAk L 4L, 13, 978-988 (1938).

53) Mk - KR 0 L, 24, 343-345 (1951).
S4) GWPTCHE - Mhar AR b, 33, 737-740 (1957).
55) B. A. Devority : J. Bact., 91, 1724-1729 (1966).

56) M. Inaoka and H. Soba: Bull. Agr. Chem. Soc
Japan, 29, 155-156 (1956): Narwre, 178, 202-203
(1956).
57) M. INAOKA: Mem. Ehime Univ. Sect. VI, 2, 95-103
(1961).
58) BRUGHI « A LIEE - SRBIEOR - B PR B OKEE,



180 ¥

33, 438-447 (1967).

59) T. E. TimeLL: Tappi, 44, 88-96 (1961).

60) -HHEAEADIIGE SR L IR Y gk
5, 1979, pp. 59-67,

61) S. P. Mevers and E. S. ReynoLDs: Mycologia, 51,
138-145 (1959).

62) S, AARONSON: Ecology,
Academic Press, New York, 1970, pp. 171-187.

63) A. Grein and S. P. Mevers: J. Bact, 76, 457-463

(1958).

64) S. T. Wiuiams and T. Cross: in
Microbiology” (ed. by C. Bootn), Vol.
Press, London, 1971, pp. 295-334.

65) J. N. Porter, J. J. WiLheLm, and H. D. TRESNER:
Appl. Microbiol, 8, 174-178 (1960).

66) LB - AARME ¢ Mk, 51, 127-128 (1977)

67) IhmEE - FAME C EAE, 1977, 1554-1559 (1977).

68) (4 0 HAL, 1978, 1706-1711 (1978).

69) GUHTM O MEVERLNRS,, RS,
1959,

70) BNLIHTH K EE BN R,
1965, pp. 106-1987.

71y NEERUHE KA, 4
317-322 (1975).

72} N. Hanpa : J.Oceanogr. Soc. Japan, 22, 79-86 (1966).

73y REGLIES A B M ZERE B KEE 26,
1227-1230 (1960)

74) Y. Hara: Data Oceanogr. Obs. Explo. Fish. (Shimo-
noseki Univ. Fish.), No. 1, 381-399 (1965).

75) M. A. PLUNKETT: Deep-Sea Res., 5, 259-262 (1957).

76) ATHMGE - RIRBRIE - ERERHER  ARMALSE (F),
JLArRRR, WOEL 1968, pp. 1-3L

7 EAF gk A B MEOFT
534-539 (1962).

78) WPCF, APHA, and AWWA : Standard Methods for

the Examination of Water and Wastewater, American

Experimental Microbial

-“Methods in

4, Academic

B,

TR, WO,

(9), 45-52 (1963); 16

H oAk EE, 28,

Public Health Association,

Washington D. C, 1979, pp.
527-529.
79) WIFHIZ - BASIREE - IR - S5REEH ke,
22, 1334-1341 (1973).

80) S. A. Waksman and K. R. Srtevens:
113-137 (1928).
81) FMHIFHE - &IRE 8-

Soil Sci., 26,

w R HERE R RRE, 42,

109-117 (1971).

82) M. Nixamo: Geochem. J, 11, 199-206 (1977).

83) MILEIE B - B - Bk, 6, 90-99 (1961).

84) R. F. H. Derker and G. N. RicHARDS
in Carbohydrate Chemistry and Biochemistry” (ed. by
R. S. Tirson and D. Horton), Vol. 32, Academic Press,
New York, 1976, pp. 277-352.

85) S. P. MEvers and E. S, REYNoLDs in “Symposium on
Marine Microbiology” (ed. by C. H. OppenHEIMER), C.
C. Thomas Publisher, Illinois, 1963 pp. 315-328.

86) K. Tusaki: Bull. Misaki Marine Biol. Inst.,
Univ, No. 12, 195-202 (1968).

87) B. AustiN, D. A, ALLen, A, ZacHary, M. R. BiLas,

:in “Advances

Kyoto

and R. R, CowweLL: Can. J. Microbiol, 25, 447-461
(1979).
) BRI A 3y SRR - OF 2R
s, BEHEE, HUHG 1977, pp. 1-24.
89) A LIEE - BRIREE W UK PE IR, 26, 299-311
(1978).
90) P LIEA - WU BokEE, 45, 1091-1098 (1979).
91) BFE~ - ACK ¥ SWEUR - HW O S4EW

Wik, ERMEN, B, 1977, pp. 25-157.

92) F.J. Sivpson: Can. J. Microbiol,, 2, 28-38 (1956).

93) MMEEHE - AR LRI, 41, 116-119 (1963).

94) S. A. Waksman, C. L. Cagrey, and H, W. Reuszer:
Bio. Bull., 65, 57-79 (1933).

95) T. Araki and M. KitAMIKADO: Bull Japan. Soc. Sci.
Fish.,, 44, 1135-1139 (1978).

96) K W MEEEME, 5, 588-594 (1973).

97) BREBIFIIEITS R SR | A SAge s, AL,
1976, pp. 119-158.

98) E. Liirson: Atlas of Bacterial Flagellation, Academic
Press, London 1960,

99) JWEF) —
1978, pp. 279-404.

100) E. Lewrson: J. Bact, 76,

HET,

1183-1184 (1963).
101) R. Huca and E. Lewrson: J. Bact, 66, 24-26 (1953).

102) T. Hipaga: Mem. Fac. Fish.,
127-180 (1956).

103) R. E. Buchanan and N. E. Gissons: Bergey’s Manu-
al of Determinative Bacteriology (8th ed.) ,Williams
and Wilkins Co., 1974, pp. 340-348,
529-550.

Kagoshima Univ, 14,

Baltimore,



FERIT I B U A AN T b T — AT o) AR R 181

104) R. S. Breep, E. G. D. Murray, and N. R. SmitH:
Bergey's Manual of Determinative Bacteriology (7th
ed.) , Williams and Wilkins Co., Baltimore, 1957, pp.
202-204.

105) F. Hoppe-SEYLER 1 Hoppe-Seyler’s Zeitschr. Physiol.
Chem., 13, 66-121 (1889).

106) S, A. Waksman and R. A. Dwum: Seil Sci, 32,
73-95, 97-117 (1931).

107) WEFGENE - B LIEML O FOKEE, 35, 677-684 (1969).

108) R - LIRS C BOKEE, 37, 119-123 (1971).
109) HFAR b owil - LHEES AL 5L
167-169 (1977).

110) H. Yamacucui, S. Inasmura, and K. MakiNo: J
Biochem., 79, 299-303 (1976): 81, 563-569 (1977).
111) H. Kapora: in “Techniques for the Assessment of
Microbial
Waters” (ed. by Y. 1. Sorokin and FLKapota) , Black-

Production and Decomposition in Fresh

well Scientific Publications, London, 1972, pp. 15-16.



182

Studies on Ecology of Hemicellulose-decomposing Bacteria
in Polluted Coastal Waters

By

Masatada MURAKAMI

Summary

On the microbiological degradation of the pulp pollutants in coastal waters, the cellulose
-decomposing and sulfate-reducing bacteria have already been investigated in detail,and it has
been demonstrated that the sulfide-producing activity of sulfate reducers is markedly acceler-
ated with the development of cellulose decomposition in bottom sediments.

Little has been known as yet of the decomposition of hemicellulose which is one of the
organic pollutants in the polluted coastal waters. Therefore, the author undertook a series of
studies to clarify the ecology of hemicellulose-decomposing bacteria in coastal waters polluted
with pulp mill effluent.  The present studies were primarily made of the glucomannan
-decomposing and xylan-decomposing bacteria in Hiro Bay to determine the distribution of
these bacteria and to estimate statistically their relation to the environmental factors in coastal
waters. Experiments were conducted on the physiological and hemicellulose-decomposing
activities of xylan-decomposing bacteria isolated from the seawater and bottom sediments in
Hiro Bay, and also on the decomposition of hemicellulose in the sediment samples.

The results obtained from these investigations are summarized as follows:

Distribution of hemiceliulose-decomposing bacteria in poliuted coastal waters

It was established that the modified ZoBrir 2216 E medium was most suitable for the en-
richment and enumeration of the xylan-decomposing and glucomannan-decomposing bacteria as
two typical groups of hemicellulose-decomposing bacteria in coastal waters.

The distribution of hemicellulose-decomposing bacteria in Hiro Bay polluted with kraft
pulp mill effluent, was estimated by means of the above-mentioned medium. The data col-
lected from the seawater showed that the number of aerobic xylan-decomposing bacteria per
m/ of seawater in this area was 10' to 10", The ratio of the number of xylan-decomposing
bacteria to that of heterotrophic bacteria at 1 m depth was 1/10 to 10/100, and this ratic was
10 to 1,000 times as high as that in the control area (Yoshimi Bay), and was similar to that in
the Iwakuni area polluted with pulp mill effluent.

Therefore, it can be said that this ratio is one of the most suitable indices for the pollution
from pulp mill.

On the other hand, the numbers of the aerobic glucomannan-decomposing, aerobic xylan
-decomposing and anaerobic glucomannan-decomposing bacteria per g of wet matter in the bot-
tom sediments in Hiro Bay were 10° to 107, 10° to 10° and 10° to 107, respectively. The ratio of
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the number of aerobic xylan-decomposing bacteria to that of aercbic heterotrophic bacteria in
Hiro Bay was 1/10 to 1/100, and slightly higher than that in control area.

Statistical examinations on the data collected in polluted coastal waters.

The relation between the number of hemicellulose-decomposing bacteria and the environ-
mental factors in coastal waters was estimated by the statistical methods.

As a result of multiple linear regression analysis in which the dummy variables were used

as seasonal different factors, the values of bacterial count of each group, COD and hemicellu-
lose contents in the bottom sediments in Hiro Bay were most abundant at the station near the
pulp mill, and those values decreased with the distance from the pulp mill.
The number of aerobic hemicellulose-decomposing bacteria in summer was less than that in
spring or in autumn, but the number of anaerobic hemicellulose-decomposing bacteria was the
highest in summer and more than that of aerobic hemicellulose-decomposing bacteria in
summer.

From the significant test of the multiple linear regression analysis by stepwise procedure, it
was found that the number of aerobic heterotrophic bacteria at 1 m depth in Hiro Bay was sub-
ject to the influences of the temperature and the COD value, and that the number of aerobic
glucomannan-decomposing bacteria was liable to the influence of the dissolved carbohydrate
content.

In the bottom sediments, it was showed that the environmental factors influencing the
number of bacteria were the water content for the aerobic heterotrophic bacteria, the COD
value for sulfate-reducing bacteria, and the hemicellulose content for the aerobic and anaerobic
hemicellulose-decomposing bacteria, respectively. In addition, the development of anaerobic
glucomannan-decomposing bacteria was more remarkably influenced by the temperature, as
compared with the other groups of bacteria.

From these facts, it can be said that the hemicellulose-decomposing bacteria are dependent
upon the substrate of hemicellulose, and the number of hemicellulose-decomposing bacteria in-
creases with the hemicellulose content.

Characteristics of aerobic xylan-decomposing bacteria

On the basis of the morphological and physiological test of the aerobic xylan-decomposing
hacteria isolated from the seawater and bottom sediments in Hiro Bay, Bacillus and Vibrio-
Aeromonas predominated in both the seawater and the bottom sediments. This experiment
seems to show that the species of organisms isolated are limited to some kinds of bacteria by
the environmental conditions in the same area.

Most of the isolated strains were endowed with the ability to decompose and ferment a
variety of carbohydrates, and both genera of bacteria experimented, Bacillus and Vibrio-
Aeromonas, were almost facultative anaerobes. About 60% of Bacillus species which were
predominant in the bottom sediments were terrestrial types mesophilic bacteria.

It can be presumed that these strains are in full activity under environmental conditions
polluted with pulp mill effluent.

On the other hand, the aerobic xylan-decomposing bacteria in control area (Yoshimi Bay)
were composed of ‘Psendomonas, Achromobacter and Flavobacterium in addition to the above
-.mentioned two genera groups. About 50% of these strains were marine types of bacteria, but
about 15% of them were terrestrial types of bacteria.
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Decompositions of hemicellulose substrate in liquid medium and sediment samples cul-
tures

When the hemicellulose-decomposing activities of aerobic xylan-decomposing bacteria
were examined, about 80% of Bacillus species isolated from bottom sediments showed a high
activity under aerobic conditions, and about 75% of tested strains showed a xylan-decomposing
activity under anaerobic conditions. Most of these strains were Bacillus and Vibrio-
Aeromonas.

From these experiments, it can be said that most of the strains actively decompose
hemicellulose substrates under anaerobic conditions produced with the development of organic
pollution.

In order to clarify the mechanism of the microbiological decomposition of hemicellulose in
the development of reducing conditions in bottom sediments, the numbers of various bacterial
groups and the degrees of bacterial activities were investigated in the sediment samples includ-
ing hemicelluloses and cellulose powders in concentration of 2% each to the dry basal
sediments. The number of aerobic xylan-decomposing bacteria in the sediments with
hemicellulose was remarkably higher than that in substrate-free control. It seems that the
number of aerobic xylan-decomposing bacteria is remarkably influenced by the hemicellulose
substrates.

The decomposition of substrates in the sediments with hemicellulose progressed more
rapidly than that in the sediments with cellulose. The production of sulfide in the sediments
with hemicellulose was more abundant than that in the control, and was as much as that in the
sediments with cellulose.

From the above-mentioned facts, it is concluded that the hemicellulose which flows into
coastal waters like cellulose is rapidly decomposed by microorganisms in this area, and that the
decomposition products are fermented to organic acids by organisms almost similar to the
hemicellulose decomposers. Therefore, the organic acids produced in this way {unction as hy-
drogen donor in the sulfate respiration of sulfate-reducing bacteria. When the degradation of
hemicelluloses and cellulose proceeds in the bottom sediments in coastal waters polluted with
pulp mill effluent, the growth of sulfate reducers and the production of sulfides are remarkably
accelerated by both the development of reducing conditions and the formation of organic acids.



