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CHEMICAL STUDIES ON MARINE DEPOSITS

Y. ON THE CONSUMPTION OF WATER-DISSOLVED OXYGEN
BY BOTTOM DEPOSITS.

Taizo OKUDA and Kenji KATO

In sea bottom, the deposits consume the oxygen dissolved in sea water. As to the qual-
ities which seem to have influence on the oxygen consumption by the deposits. one may
indicate various factors, as biologicals or minerals. For the purpose of clarification of
these factors, bLottom samples taken from Onagawa-and Shicgama-Bay and from the sea to
the northwest of Hokkaido Island were employed as experimenfal material in these
investigations.

Pervious  to the investigations, the effects of the experimental methods upon the oxygen
consuniption were examined individually with every experimental muanner.

£rom the investigations the following results were obtained:

(1) The consumption velocity was adapted to the first reaction formula; elevation of
temperature increased the consumptive action.

(2) The characters of boftom samples might influence the oxygen consumption, so these
relations were investigated with mud of Shiogama-Bay; the results may be stated as follows:

(a) Tt seemed that the greater part of the oxygen consumption was not brought about
by the biotic factors themselves, such as bacterin and enzymes, so much as by the
reductive abiotic states caused by the former.

(b) The oxygen consumption by these reductive substsnces seemed to have some
correlation with the carbon content of humus colloid and the particle radius of mud (<10z),
but it was hardly possible to detect any correlation to the total sulfide content in mud.

(3) As to the bottom samples from the deep sea to the northwest of Hokkaido Island,
it seemed that the consumption had negative correlation to the water depth of the site of
deposition; it was difficult to detect any correlation with the organic carbon content of
the deposit.
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Table 1. Tabulated Data of Bottom Samples of the Sea to the
northwest of Hokkaido Island

v Texture . Oxygen

Position | Depth Organic Total .

§t. No. . of MR Consumption
Lat. N | Long. E i (meters) Deposit Carbon 2 Nitrogen % c.c./g )? 100

17 43" 30 307 140° 29 487 680 M 2.61 0.34 8.1
21 43 30/ 30/ 1390 s> 127 616 | MS. Gr 1.22 0.12 53
24 43° 37/ 187 140° 15 307 760 M 2.18 0.49 33
30 43° 34/ 30/ 1400 55/ 30/ 145 Gr. S 0.64 0.07 5.4
31 43 3% 30/ | 140° 56/ O~ 450 M 2,53 0.27 6.1
51 43° 500 127 141° 16/ Q7 147 MS 1.97 0.15 17.2
54 43° 39/ 3¢7 140° 57/ 247 395 M 2.46 0.25 10.1
95 44> 3/ 307 139° 5% 247 950 M 2.04 0.63 3.1
97 44° 4/ 127 140" 12/ 67 690 M 2.36 0.25 6.4
138 | 44 14 427 | 141" 177 O/ % M3 1.32 0.09 11.5
141 44° 19 547 141° 57/ 3¢/ 340 M 2.11 0.31 132
184 44° 33/ 427 139° 31’ 187 590 MS 1.25 0.15 7.2
189 44° 34/ 12/ 140° 6/ 67 320 MS 0.49 0.06 52
195 44° 34 187 140° 511 307 230 MS 0.72 0.09 11.0
245 44> 52/ 54/ 140° 34 30/ 360 MS 202 0.27 150
248 44> 53/ 24/ 140° 53 o6 140 S 0.98 0.17 12.0
264 45° 4/ 247 14900 17 307 512 MS 141 0.21 80
269 45" 3/ 427 140° 3¢/ 67 365 M 1.89 0.2t 10.5
298 45° 19/ 307 140° 377 6 468 M 2.32 0.21 6.4
306 45 24 187 140° 18 427 450 M 2.17 0.18 126
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Fig 1. Stations of Observation in Shiogama 4 AR L BRRICHE L7co
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Table 2. Tabulated Data of Bottom v REAFRERT R U RER
Samples of Shiogama Harbour LS LT B, FEkICNG 5EE0
- | Depth | Fine Mud | Organi Total .
St. No | (meors) | (<101 % | Catbon 9 | Culphide 2 TRBABIECHERIC OWTik, ERTNHE
1 . 2GR o
; 1'§ %4 ggo g_ogg BRCHE2RCR L
2 1. .1 92 1 . p ;
3 20 473 195 0.001 8. MRMRE LFHEE - OBtk
4 1.5 73.5 - 292 0.115 2 EEBT5 g b BB ER
| % | | Mg emmmemsecmos tonne
8| %5 882 | 308 | oses R BB O ¥4 500m, KR 18.5m (BRIEH
9 3.0 403 4,15 1.174 aﬁii 276%) @i&%‘i T Dﬂ?ﬁ L7
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OFEE LTR ZREBESTC HWWT 250c.c. 220 RIEE < do.c. ORI E & b HEEKE LTRSS
BT RIMLCTREADE CRIERERL TR Fic 50 @R Lk, L2EHBEeLO 2 L s
%, EBRe Y4 7 v CIBLCBEERHCE L. B 3BRREYA 2 5 ~ W X oTER
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Etic k BEBBERCELCERT 254 ZoHRE, RRETCHERMAS K2V T
iy ENENHIRRC L V—FeFLoHEIEA 22 HTR 30T ETEOHRO SEITOW
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Table 3. The Oxygen Consumption and OREE ML THR L, TORMRLHES
the Quantity of Sample TR L 7oty Rt oRENE (A M

Dried Rample(g)| 053 | 093 | 213 | 3.79 | 9.98 BINIMEENEEORERTDS
O-Decreaselc.c/l) 202 | 2.13 | 281 | 384 494 2, ARBEMEYE ) oBRERBREIYCHE
Consumptiorn
emPn | 810 | 487 | 272 203 [10.0 L LT By CALEIEE Lkl

Temperatare 8.8°C Lttt o WEEESRST 220 ThA

wink Bbitsd, HOTHROBRICHT LT Zdbicid, —EORIE L ) BB Tidn
Bhbhnwdn LBz 5,
(2) BREBBELHREERERICHT 22 ToRERH
BROLBRECELINL TV AEBE L Y RRE., BELBERBALEL2EE L, HERRRR
YEFPCKE L 2B ERCHE L 2GS L TR BPCHEOFHIPEEC L3RR E Ok
Table 4. The Oxygen Consumption and By ZOBHWREHSBOTHRZC L AR
the Exposed Time after Sampling C ORFMEIND L ATH B, BCRTERE
Time (h) 0 | 6 (2 |30 |48 B Rier 2R e, £heh 0,622,320,
Oz-Decreage (co/l 259 | 380 | 389 | 402 | 403 A8 BSRA BB L 7ot%, 2O F % JE
Consamption |~ 948 | 301 | 317 |333 325 . X
c.c./g% 100 L7ehss ZORRBHELAROMLTH 5,
Temperature 1000 ERBRIBE A IS L 728 O 1R R R
T, CEFIMKE L2 b o RSB ZOBERBAEBAL T 2, HERBERMzERET . %
DORFEHEE O BWINTHEER T« —EOEICHEN 2 E L WRMEEED 5 ¢ L FHRE D%,
(3) MRMBE LIRBRM
RREO B B ER A CHEERCETT 22 2y JIHORURE - KADIHEHL W
B FEERRRB EEEIKCRN LABoRBRMH4 B2 TzoMEY L b~k ZoRR
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Table 5. The Oxygen Consumption and X 5 RiciBiT 7eas IRBRH B TICD
the shaken Time N CRERRE AT ERSR b0
Time (min) 2 4 6 10 | 20 o B IRBIZBBOBE R DDk
Og-Decrease(c.c./l 2.77 | 3.05 | 3.00 | 3.35 | 33! By A—ORHE I TETHREBL 2,
Consumption
320 | 350 | 361 |381 |46 T

c.c./g % 100
Temperature 8.8°C YT X PR ERROHEE Bk 5
Fig2. The Eelationdbetween ﬂil;edo';ygen TehROMEBREIT O/ Eb TP @RS

onannption wnd the Reaed Tt 1c.¢ 10C (+0.1) el Bk Bk & L
Ty [AEEcs R rB#MELT. ZoR
FHBEOBLr IR Lz, MLTZOBE B #R
3K KHERIC AT 5 b O L iU, (ERI%ES
L cwsBEREoHE R zoERRRBlcH LT
HEBRRICDH 2ETH %,

H2E RO F6RKILRERCE T 2BITFRER
OB LEARRNLOBRBRERL 2L O T D23,
ZN O ORI ERRIBIR LR 5 2 £ HBR B,
B BSOS 8RR L

{ngla-x) ¢ 2} x10°

Time(h)

Table 6. The Oxygen Consumption and the

Reacted Time il 0.1% UTFosEETERED
Temperature _10.0°C FE B T LD 60 B(Fo =4T13
Time® | a-x | fogam+2px10t] TG >Fn(0001), MWL L kBB
1 | 055 D711 e R RRERICHTT 5 & &nt
2| om0 B e .
40 0.200 1301.0 136 (5) ERSRINER R & {rMEEE
50 | 0305 13075 55 e fRRIRE SO LR 2
8.0 0.193 12856 17.4 /T 255, LNBOEH ¢ et
3o | 0ig 11955 204 & LTy Yk oR R S
2o | Mmoo pa B e
200 0.065 7993 2ok ;5.0°C, @‘éiﬁlﬁm%o}cﬂﬁ’ﬁém;ﬁ
720 0.044 643.5 322
HEBEKELT, RiBznz zolET

a-x: Remained oxygen content after reaction c.c./g

245 R EOBIK BT DR, TOKE
BRESEECHETRCRLEADY THB FAOBENEER & EHIEE - ok ESmBNEs
b, HESTORBIR TS, HBRCR LB 1% U TOBRECERECHFE LS T L13E
B b ive(Fo =174.1>F14(0.01)),

Bl Do PRERCH L 248Kk, FREL24EKeEBL AW, BErczogKhp
CEINIMEEE R X BERBOBEE M2 20RRB s RAb e, topgBRritizog
BRICHWTEFAE MR LTS X WERETH O, ‘

B. BREMBEHORA LEHOEMIRE ORE - —
EBELOBRERBEOLN L L CTRIBELPCAET 2MEA L C X 2 NERY, BHlotho
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Fig 8. The relation between the
Oxygen Consumption and the
reacted Temperature (Samples
of Onagawa Harbour)
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Table 7. The Oxygen Consumption and the Temperature #id om< i‘ﬁ&i”c £3
— - BRFEBBRCERIC OV TR

Temperature Sample Original Decrease Consmption .
°C 8) (Ozc.c./ly (Ozc.e./1) c.c./g%x 100 HxoiEnd 53, FX
658 481 5.45 339 146 &y FOER T OWTEE
10.0 4.20 536 3.33 16.6 s 3
150 4.8 530 3.60 174 T B7%eb BIEEO TR

214 4.42 5.1 4.14 182 Y
25.0 4.19 4.86 4.C6 ’ 193 & &%@%@ Egﬁ% 2Nt

BBk L 7, BibEE#o 9

Table 8. Analysis of Correlation Table

{1) The relation between the oxygen consumption and (2) The relation between the consumption
the time and the temperature
(samples of Shiogama Harbour) (samples of Onagawa Harbour)
. Degree of | Unbiased | . Degree of | Unbiased | -
Factor Variation Freedom | Estimator | F Variation Freedom | Estimator F
Regression | 707.995 1 ‘ 707.795 l 115 1 1L5
| 495.7 311
Residual 19339 13 1.488 | 1.1 3 037
Total 727.134 14 ! 12.6 4

WE X VERER R E Ly ToBERE LERPOE Y. WikH, TR EoBRcD 25
B, TREHOMECBEC I H2BE LB Lk, Ay TN oOBRERTHES FrokRs
IR CEDTHT %,

323, BEHRBOEROKRELZ 5035 72dics B « KRV offortBUbkr HBwcHKiEx
B L,

1) Wt sWBOHm 1 —

WEE CEESREOWBCHEHLIBEZ L L ~57dcs TN FLXONLARYER L %, T4
bb.

A. BBEBHO LTEHRREO 2\ A 32 E-2BRC X o BE

B. REEHNGO. LTRIBC P L x — 2 FREAM LR L < MEoEBI 251 3 ek
BEekig  HEOERNELL, HEc X2HBENT A X VS

C. #igXKic 30 SRR L BE L. WERCHEOERH 2 FLe Loct, BHLERcH L
7oy A X D MIBI R O BESR O FERI B3I 4
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Table 9. Analysis of Correlation Tables

(Samples of Shiogama Harbour)

(1) The relation between A% and the organic carbon
content in bottom deposit
(9 samples were used)

2 The relation between A and the orga-
nic carbon content in bottom deposit
(8 samples were used)

. .. | Degree of | Unbiased . Degree of | Unbiased
WFff’tof‘! er:atff _ Freedom | Estimator | 7‘1?77_ Variation Freedom Estimator F
Regression 14.9 1 149 62.2 1 62.2
1.61 —— 347
Residual 168.0 7 24.0 107.6 6 17.9
Total 1829 8 1698 7| ;

(3) The relatxon between C# and the organic carbon
content in bottom deposit
(9 samples were used)

A The relatxon between C’* and the orga-
ni¢ carbon content in bottom deposit
(8 samples were used)

Degree of | Unbiased g Degree of | Unbiased
Faetor ‘V’arlatnonl Freedom ! Estimator | Variation Freedom | Estimator F
Regressmn 232 | 1 i 232 1 89.9 r 89.1
‘ 1.42 13.75
‘Residual 1137 7 62 | 8| 6 | 648
_ | T — e
Total 136.9 ] 8 | | 1280 | 7

5) The relatmn between the organic carbon content
and fine mud content
(9 samples were used’

(6) The relation between the organic carbon
content and fine mud content
(8 samples were used)

" Factor | Variation| Degree of | Unbissed | L | yariation | DéEree of | Unbiased :
Factor IVanatxon Freedom Estimator | F Variation Freedom Estimator ¥
Regression 16 | 1| 16 | 1,049.1 L1040
e e 2048 | - | 12.75
Residual | 2,2938 | e 3544 59.1
Total 2295.4 | | 1,403.5

{T) The relation between C% and the fine mud content
(9 samples were used)

*A: The oxygen consumption measured on boat
soon after sampling.

C:The oxygen consumption measured, after
samples were soaked in the boiling water
for half an hour for keeping without the

actions of bacteria and enzymes.

Fotor | Variation | R oF | Teblaed .F
Regressmn 62.4 1 ’ 62.4 i
‘Residual | 745 7 106 ‘
Tatal | 1369 8 ]

¥ B
A—B= inEosrcr2BENER
B—C = MBEOHCL2BREREE
C=
DI EINB,

MR CREEDS (REE OO THRAMNTERLET) C X 3BERRE

EORBRE 10 RCHT 7RCBTE « KHOBRLAB BT 5, UIH, MiFCHEL oL
MERCIZWBRA. ZR o DNOEKEMAIEEC I2BBLERLIKEWC EMbL 5,
ik, b rad—rBRYfTOo7RBEO a1~ 20 X 2MERBROVEY R b B ERE{TO

Tedss
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Pt - XAEBREED SLEBDOR,
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Table 10. Disscusion on the Causes of the BRI X 2 MRBROEN

Oxygen Counsumption T IREMENERC X HiR%
(Samples in Shiogama Harbour) BeoaatTab. RED
StNe. | A | B c A-B | B-C Bt B O o & B
1 39.7 34.1 234 5.6 10.7 ZOMLRE L ORI owT
2 319 318 235 0.1 83 i
3 289 22.7 160 62 6.7 HRLTeo '
4 329 31.7 232 1.2 8.5 ” 5 )
5 21 340 232 8.1 108 (n) MRSEIREL LBilL#) &
6 415 389 302 26 8.7 OBtk
7 3738 36.4 22.0 1.4 14.4 e, PURTTN
8 202 392 285 1.0 107 B O S B IR W iy
9 335 324 206 1.1 11.8 OF BT X b fFO%s Bt it
A: Measured, on boat, soon after sampling (Consumption by RIBRY T 7 n S EEMIEE
all factors) " TR
B: Measured, after the actions of bacteria of samples were Fw. 10% HCl ¥ 2c.c. fnz T
stopped by adding toluol on boat (for keeping without the ~ o 4= VO
action of bacteria) 5~8 STz = T\ iR
C: Measured, after samples were soaked in the boiling water % Se.c. ORFIBLIG ERERTAR P

for half an hour (for the purpose of keeping without the .
actions of bacteria and enzymes) CHIRT Do R L ZBRILEESR

"A—B: Consumption by bacteria only T —52 8 O IR & 1c109 HCL
B—C: Consumption by enzymes only e.0. B2 CTRALL < BBAEE
Fig 4. The Relation between the REZ NasS,0; EERTHEL. TOBBKER

%ﬁlfﬁ"'éu(fﬁﬁﬁ?}éﬁﬁﬁefﬁd the LSRR £ ST Ly BB 1kg ¥ b o HRICH
{Samples in Shiogama Harbour) Bl 7eo 2OBRRELEICR LTS 55, itH s
$ul BLBEMRE L OMcZBMEz@D 5 &k
- x RABDTo
S (b) FRSEINER L EER & OBIR
§ | e A. 8. K. RE Rk HATRE® 1€ & 0T 10p LUF
L x ORMER & RD 75 ZOR LMFBRE & OMic
S 15 Sl ofn C IEOHBIEE D 5 EhsHiFze. M
SN e, BASRORS RS 9 RIMOWIC T 5% BUFORHE
O 41 02 43 4% oS 06 ar 0% 0% 10 U 12 T@ﬁ'ﬁtﬁgﬁﬁfba T ESEED iz [F0=5.89
Tota/ Sujphiae (Y) >F/7(0.05)],

Fig5. The Relation between the Oxygen (c) BREMWRELEBRER L OBIE (56, 7, 8if)
oo e fpogud BUEMOFRRKORR IR L, Tyalin®
N Ol BRI ) 707,

39 x BEBORBCOWTVEBRER L. FEE%E
3 SARIEO : L TR S RRERC I MEB R E
| & DBMRIC DT\ Z O ERRECEE L cHBESMF & 15
S D7ty T 6 OMIC RHBN 53 LIZR L AR
¥ &7 (Fo=L9T<F/:005)) LML, zibHi%
S - #HO 9 ADPFFO 5, No. 9 OFBHIREECE Wil

o PO LSS 5K L b 870 b DT 2O RN

Free Mud (<rou); ERAROERE OB 5 B SIE L Sl cHmhic
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Fig6. The Relation between the Oxygen
Consumption and the Organic Carbon
Content (Samples of Shiogama Harbour)
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Fig 7. The Relation between the Oxygen
Consumption and the Organic Carbon
Content (Samples of Shiogama Harbour)
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Fig 8. The Relation between the Oxygen
Consumption and the Organic Carbon
Countent (Samples of the sea to the
northwrest of Hokkaido island)
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HRRE TR 222 (BRERK X 3 BERRE
B HBRER LB D LR L F H/OTE
EXck 2BFEBBROKESTSLFLOER R E
CELbDEEZLNEN,

COFHBECHELC BBk s nickolik
BEr b7,

WE R EBERE L CIER & AR
Rk 2BFEREE LRAROTHERER L o BIR
COEHE L HESH kRl At, LD L ZORR
253 ZOEMEOFEMERDL B Lol K &
D72, 2Ty BRERE T Bic A % M L 25
HoRRBE (No. 9) oF#o%kzTwv. 1% LL
ToORBEE U TENIND C LD ZOflE
THL 78 Y 0 SRoBF oW T B EE
B L ABRER L oERECH LS 21T
DR TOBEM LD BT LR ke (Fo
=11.95>F’(0.01)){ o R BRI © sk
PAERC & 2BEBREL E LHRRERE
RO B s biLd,

Lizic—% . RHBEOE LIz owT, 20
RHRE L HRRFESR LoRconT g s
LTRZNESECR L 2m BT D s T
& BMRE DR, 2k T O HBEEE RO
SR S OB R ERELE T RD ED
WELRCEZN 5 HBT 2oRECHE o B
DB AOWMB X VRTOTH B ADVERYE &
BFWRE L oMM RO T b A Ak S
civkbo tBbian.coBicl Lty

BEBORRICOVT A, S K. RBABRC I OTER L 100 U TFoliRoR & FlRESE
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Fig 9. The Relation between the Fine
Mud and Organic Carbon Content.
(Samples of Shiogama Harbour)
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Fig 10. The Relation between the Oxygen
Consumption and the Water Depth
(Samples of the sea to the northwest of
Hokkaido Island)
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Table 11. Analysis of Correlation Table
(Samples of the sea to the northwest of Hokkaido Island)

(1) The relation between the ovygen consumption and (2) The relation between the organic carbon
the depth of water. content and the depth of water.
| xpoi.: | Degree of | Unbiased | Tartapt Degree of | Unbiased ;
Factor \ Variation | “preedom | Estimator F | Variation ‘ Freedom | Estimator F
Regression | 1109 | 1 1109 \ 1.83 1 1.83
1 — 1127 469
Residual } 177.1 | 18 9.84 7.09 18 0.39
Total | 2880 | 19 8.92 19 |
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