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Flux of organic substance for Osaka Bay sediment and
its decomposition rate in early diagenesis
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Abstract

The flux of the organic substance for the Osaka Bay sediment was estimated by the analysis of the
vertical distribution of organic carbon (OC), organic nitrogen (ON) and total phosphorus (TP) in the
sediment core. The profile of these organic substances in the core evaluated the influence of the
mixing using the advection-diffusion model, because it was disturbed by the effect of mixed layer in
the sediment surface. The decomposition rate of the organic substance in early diagenesis was also
estimated. The flux of early decomposable OC, ON and TP loaded on the Osaka Bay sediment from
sea water was 3.00mgC, 0.42mgN and 0.068mgP em™yr’, respectively. Then, the decomposition rate
of these organic substances that became inorganic in early diagenesis in the upper layer of the core
was estimated at 0.0693mgC, 0.0083mgN and 0.0012mgP cm™yr”, It is significant to clarify flux and
decomposition rate of the organic substance in the sediment concerning organic contamination and
eutrophication in the coastal zone of Osaka Bay.

Key words: Osaka Bay, Sediment, Organic Substance, Flux, Decomposition Rate, Early Diagenesis,
Advection-Diffusion Equation
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Fig.2 Vertical profile of *'°Pb and determination of D
value of mixing layer in the Stn.8 core of Osaka Bay

Table 1 Mixing parameter and mass flux of the Stn.8
core of Osaka Bay

Depth 20 (em)
Mixing Layer | Corrected

Depth (L) 25.5 (em)
Sedimentation Rate (S) 0.49 (em/yr)
Mixing Coeffcient (D) 25 (em™fyr)
Mass Flux 0.150 (g/em’yr)
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Table 2 Flux and decomposition rate of organic carbon, organic nitrogen and total phosphorous in the Stn.8 core

of Osaka Bay
Observed Estimated by AD model
S 5 Decomposition
Concentration in Surface (% Flux /cm”
(%) ux (mg/cm®yr) Rate (mg/emyr)
: f Early ! Early Early .
Total | BG Decomposed Total Decomposed Total Decpmposed (in Surface)
Organie 228 | 1.19 1.09 319 | 2.00 4.79 3.00 0.0693
Carbon
Qiganic 0.299 ' 0.125 0.174 0.405 0.280 0.608 0.420 0.0083
Nitrogen 3
Total 1
0.075 | 0.040 0.035 0.085 | 0.045 0.128 0.068 0.0012
Phosphorus w | ‘
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Appendix I Results of Analyses Using Advection-Diffusion Equation

(Osaka Bay Stn.8, Organic Carbon)
Mixing Layer (L) :
Sedimentation Rate (S) :
Mixing Coefficient (D) :
Mass Flux:

Half Life of OC:

Decay Constant (OC, L):
Surface Concen. (OC, As):
Interface Concn. (OC, A;):

BG Concn. of OC:

255
0.49
25
0.150
30 yr
0.0231 /yr
2.00 %
0.80 %
1.19 %

cm
cm/yr
cm’/yr

g/cmzyr

A= 2.6624709 F=  -8.541096939
A= 1.001307 V= -0.553528428
A= 0.117234 Vo= 1.043528428
Ps= -0.0471529
B= -0.0221411
Bi= 0.0417411
Total Flux 4.785 C mg/em’yr
Early Decomposed Flux 3.000 Cmg/cmzyr
Decomposition Rate 0.0693 Cmg/cmzyr

Depth | Corrected

OC Concentration

Calcutated with A-D Model

=" T =
: | In Under | Without | Decomposition
Age |inCore  Depth | Total | Net |\pying Layer| Mixing Layer| Mixing Rate
(Yea) | (em)  (em) (%) %) (%) %) o) (mg/em’yr)
1984 0 0.0 - - 231 385 | 319 0.0693
1982 1 18 228 | 1.09 2.29 373 310 10,0661
1978 3 3.1 2.19 1.00 2.26 349 1 292 0.0599
1974 5 53 235 1.16 2.23 326 | 275 0.0540
1968 7 119 2.20 1.01 2.19 302 [ 2357 0.0478
1963 9 | 105 2.20 1.01 217 281 | 241 0.0422
1957 11| 133 2.16 0.97 2.14 261 2.26 0.0370
1951 13 | 161 2.14 0.95 2.12 244 | 213 0.0324
1946 15 [ 187 2.04 0.85 2.1 229 | 202 0.0287
1941 17 | 214 2.14 0.95 2.10 216 | 192 0.0253
1935 19 | 242 2.01 0.82 2.10 204 | 183 0.0221
1929 21 | 271 1.91 0.72 2.10 193 . 175 0.0193
1923 23 300 1.82 0.63 2.12 184 168 0.0168
1917 25 | 331 1.68 0.49 214 175 161 0.0146
1910 27 363 1.68 0.49 2.17 167 155 | 0.0125
1904 20 T 396 1.65 0.46 2.22 1.60 150 | 0.0107
1896 31 | 432 159 0.40 2.29 154 145 0.0090
1889 33 | 468 1.54 035 2.37 1.48 1.41 0.0076
1881 35 | 505 145 0.26 2.48 1.44 137 0.0064
1874 37 | 542 1.41 0.22 2.62 1.40 135 0.0054
1866 39 | 582 1.42 023 2.80 136 132 0.0045
1857 41 | 623 1.40 021 3.02 133 1.30 0.0037
1849 43 661 1.30 0.11 3.27 131 128 0.0031
1841 [ 45 700 128 0.09 3.58 1.29 1.26 0.0026
1834 47 73.8 1.27 0.08 3.94 1,27 125 ©0.0021
1826 49 | 715 1.26 0.07 435 126 1.24 0.0018
1818 51 813 127 0.08 485 125 1.23 0.0015
1802 55 891 1.28 0.09 6.16 123 122 0.0010
1786 59 96.9 8.00 122 121 0.0007
| 1778 | 6l 101.0 1.24 0.05 9.24 1.21 121 0.0006
1761 65 109.3 1.18 -0.01 12.51 121 1.20 0.0004
1744 |69 117.6 17.15 1,20 1.20 0.0003
1735 71 122.0 1.22 0.03 20.34 1.20 1.20 0.0002
1718 75 130.3 1.23 0.04 28.23 120 1.19 0.0001
1702 79 138.6 39.39 1.19 1.19 0.0001
1693 81 143.0 1.18 -0.01 47.08 1.19 1.19 0.0001
1675 85 . 1514 1.21 0.02 66.33 119 119 | 0.0001
1639 89 159.6 1.22 0.03 9290 119 119 0.0000




Appendix II Results of Analyses Using Advection-Diffusion Equation

(Osaka Bay S5tn.8, Organic Nitrogen)

Mixing Layer (L) : 25.5 cm As= 0.3083105 F= -7.5394947

Sedimentation Rate (S) : 0.49 cm/yr A= 0.148526 V= -0.500070553

Mixing Coefficient (D) : 25 cmgf'yr A= 0.0196997 Vo= 0.990070553

Mass Flux: 0.150 g/em’yr B:= -0.0404167

Half Life of ON: 35 yr B,= -0.0200028

Decay Constant (ON, A): 0.0198 /yr B;= 0.0396028

Surface Concn. (ON, As): 0.280 % Total Flux 0.608 N mg/cm’yr

Interface Concen. (ON, A,): 0.110 % Early Decomposed Flux 0.420 N mg/cm’yr

BG Concn. of ON: 0.125 % Decomposition Rate | 0.00832 N mg/cm’yr
2105, | Depth ' Bistridted ON Concentration Calcutated with A-D Model

A o gore Desth Total Net In Under Without | Decomposition

ge ] P Mixing Layer| Mixing Layer  Mixing Rate

(Year) | (em) | (em) (%) %) %) (%) %) (mg/em’yr)
1984 0 00 z E 0.293 0.433 0.405 | 0.00832
1982 1710 0.299 0174 | 0291 0.421 0.394 0.00799
1978 3 R 0.285 0.160 0287 | 0397 0372 | 0.00734
1974 5 53 0.296 0.171 0.283 0374 0351 0.00671
1968 7 7.9 0.278 0.153 0.279 0.349 0.328 0.00604

1963 | 9 105 0.276 0.151 0275 0.327 0.308 0.00544

1957 | 11 | 133 0.278 0.153 0272 0.305 0.289 0.00486
1951 13 16.1 0.267 0.142 0.270 0.286 0.271 0.00434

| 1946 15 18.7 0.258 0.133 0.268 0270 0256 | 0.00391
1941 17 214 0.254 0.129 0.268 0.255 0.243 0.00350
1935 19 242 0.241 0.116 | 0.268 0241 0230 |  0.00313
1929 21 | 271 0.221 0.096 0.269 0228 | 0219 0.00278
1923 23 30.0 0.214 0089 | 0271 0217 0208 | 0.00247

[ 1917 25 1 331 0.191 0.066 | 0275 0206  0.198 0.00218
1910 27 363 0.184 0.059 | 0.280 0.196 0.190 0.00192

[ 1904 | 29 39.6 0.185 0.060 0287 0.187 0.182 | 0.00168 |
1896 31 432 0.185 0.060 | 0297 0179 0174 ~0.00145
1889 33 46.8 0.168 0.043 | 0309 0172 ' 0.167 - 0.00125 |
1881 35 1 505 | 0158 0.033 0.325 0.165  0.161 ~0.00108 |
1874 37 54.2 0.155 | 0.030 0.344 0.159 0.156 0.00093
1866 39 58.2 0.157 0.032 0.369 0.154 0.152 0.00079
1857 41 62.3 0.155 0.030 0.400 0.150 0.148 0.00067
1849 43 66.1 0.150 0.025 0435 0.146 0.144 0.00058
1841 45 70.0 0.145 0.020 0477 | 0.143 0.142 0.00049
1834 47 738 0.140 0.015 0525 | 0.4l 0139 0.00042
1826 49 | 715 0.143 0.018 0.581 0.138 0.137 0.00036
1818 51 1 813 0.137 0012 | 0647 | 0137  0.135 ©0.00031

[ 1802 55 89 0.143 0.018 0821 | 0133  0.133 000023
1786 59 969 1 C 1061 | 0131 0131 ~0.00017
1778 61 101.0 0.131 0.006 1,220 0.130 0.130 0.00014

[ 1761 65 109.3 0.137 0.012 1.636 0.129 0.128 ~0.00010
1744 69 117.6 2.215 0.128 0.127 0.00007
1735 71 122.0 0.134 0.009 2.608 0.127 0.127 0.00006
1718 75 130.3 0.131 0.006 3.568 0127 0126 0.00004

1702 | 79 1386 | 4.902 0.126 0.126 0.00003

[ 1693 81 143.0 0.126 0.001 5808 | 0.126 0.126 0.00003

[ 1675 85 151.4 0.126 0.001 8.047 0.126 0.126 | 0.00002
1659 89 159.6 0.123 -0.002 11.082 0.125 0125 | 000001




Appendix Il Results of Analyses Using Advection-Diffusion Equation

(Osaka Bay Stn.8, Total Phosphorus)

Mixing Layer (L) : 25.5 cm A= 0.0542598 F=  -7.145170995

Sedimentation Rate (S) : 0.49 cm/yr A= 0.0245789 V=  -0473361248

Mixing Coefficient (D) : 25 cmzfyr A= 0.0034399 Vo= 0.963361248

Mass Flux: 0.150 g/em’yr Bs= -0.0372259

Half Life of TP: 38 yr P= -0.0189344

Decay Constant(TP, A): 0.0182 fyr Bi= 0.0385344

Surface Concn. (TP, As): 0.045 % Total Flux 0.1275 p mg.f‘cmayr

Interface Concn. (TP, A(): 0.021 % Early Decomposed Flux | 0.0675 P mg/cm’yr

BG Concn. of TP: 0.040 % Decomposition Rate 0.0012 p mg/cmzyr
210py, | Depth 'r Bairaatad TP Concentration Calcutated with A-D Model
A in (?ore Denth Total Net In Under  Without | Decomposition

ge P Mixing Layer | Mixing Layer, Mixing Rate

(Year) | (em) {cm) (%) (%) (%) (%) (%) (mg/em’yr)
1984 0 i 0.0 - - 0.0680 0.0943 0.0850 0.00123
1982 1 | 1.0 0.075 | 0.035 ) 0.0677 0.0923 . 0.0834 0.00119
1978 3 31 0.069 | 0.029 [ 0.0671 0.0883 ' 0.0801 0.00110
1974 5 i 53 0.067 0.027 0.0665 0.0845 0.0769 0.00101
1968 7 i 79 0.068 0.028 0.0658 0.0804 0.0735 0.00092
1963 9 | 10.5 0.068 0.028 0.0653 0.0767 0.0704 0.00083
1957 1 | 133 0.066 0.026 0.0648 | 0.0731 _ 0.0674 0.00075
1951 13 161 | 0.065 | 0.025 0.0645 0.0698 0.0647 0.00068
1946 15 ' 18.7 0.063 0.023 0.0643 0.0670 0.0624 0.00061
1941 17 | 214 0.064 0.024 0.0642 0.0645 - 0.0603 0.00056
1935 19 242 0.062 0.022 0.0643 0.0620 0.0583 0.00050
1929 21 i 271 0.060 0.020 0.0645 0.0598 0.0564 0.00045
1923 23 30.0 0.058 0.018 0.0649 0.0578 0.0547 0.00040
1917 25 , 33.1 0.054 0.014 0.0654 0.0558 0.0531 0.00036
1910 | 27 i 36.3 0.053 0.013 0.0663 0.0540 | 0.0517 0.00032

1904 29 | 396 0.050 0.010 0.0674 0.0524 | 0.0503 0.00028 |
1896 31 432 0.050 0.010 0.0690 0.0509 | 0.0490 0.00025
1889 33 ! 46.8 0.048 0.008 0.0710 0.0495 0.0479 0.00022
1881 35 | 505 0.046 0.006 0.0735 0.0483 0.0469 0.00019
1874 | 37 54.2 0.048 0.008 0.0766 0.0472 | 0.0460 0.00016
1866 39 582 0.046 0.006 0.0806 0.0462  0.0452 0.00014
1857 41 623 0.045 0.005 0.0855 0.0453 " 0.0444 0.00012
1849 43 | 66.1 0.045 0.005 0.0910 0.0446 | 0.0438 0.00011
1841 45 70.0 0.043 0.003 0.0976 0.0440 0.0433 0.00009
1834 47 73.8 0.043 0.003 0.1052 0.0435 ~0.0429 0.00008
1826 49 71.5 0.044 0.004 0.1138 0.0430 | 0.0425 0.00007
1818 | 51 . 813 0.1242 0.0426 | 0.0422 0.00006
1802 55 | 89.1 0.1511 0.0420 | 0.0416 0.00004
1786 59 96.9 0.043 0.003 0.1879 0.0415 I 0.0412 0.00003
1778 61 ' 101.0 0.2122 0.0413 0.0410 0.00003
1761 63 ' 109.3 0.2752 0.0409 | 0.0408 0.00002
1744 69 | 117.6 0.041 ~0.001 0.3623 0.0407 | 0.0406 0.00002
1735 71 : 122.0 0.4211 0.0406 0.0405 0.00001
1718 | 75 | 1303 0.5635 | 0.0404 | 0.0404 0.00001
1702 79 138.6 0.039 -0.001 0.7597 0.0403 | 0.0403 0.00001
1693 8 143.0 0.8922 0.0403 0.0402 0.00001
1675 85 151.4 1.2170 0.0402 0.0402 0.00000

| 1659 89 159.6 0.041 0.001 1.6537 0.0401 0.0401 0.00000




