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Changes in concentrations of dissolved oxygen, ammonia, nitrate, pH, Fe and Mn were monitored from the
laboratory incubation of an benthic chamber. The extent of sedimentary organic carbon and nitrogen decom-
position was quantified by applying the concentration data to the chemical reaction equations of early diagen-
esis. The patterns of the concentration changes, observed during the 237 hr long incubation experiment, made
it possible to divide the entire experiment period into four characteristic sub-periods (0-9 hr, 945 hr, 45-141
hr, 141-237 hr). C/N ratio, estimated for each sub-period, was 6.63, 1.49, 0.81 and 0.02, respectively. This
sequential decrease in C/N ratio suggests that during the incubation experiment dissolved nitrogen species dif-
fuse more out of the sediment than dissolved carbon species. Greater diffusion of nitrogen indicates the pref-
erential decomposition of organic nitrogen during early diagenesis of sedimentary organic matter. Comparison
of the concentration data (sedimentary organic carbon and nitrogen, porewater organic carbon and ammonia)
between the sediment pre and post incubation also indicates the preferential decomposition of nitrogen during
early diagenesis of sedimentary organic matter.
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Fig. 1. Location map for the sampling site.
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Fig. 2. Schematic drawing for the benthic chamber used for incu-
bation.
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Table 1. Temporal changes in concentrations of dissolved elements in benthic chamber.

Time D.O Nutrients (UM) Metals (nM)
) M) pH NH* NO; NO; Fe’* Mn**
0 0.20 8.2 16.9 2.3 19.2 115 12
3 0.12 8.1 13.5 2.4 21.0 116 21
6 0.18 8.1 15.6 2.5 222 149 24
9 0.16 3.1 16.4 1.9 28.3 99 21
21 ) 0.16 8.1 18.8 2.6 24.6 168 20
33 0.15 7.9 79 6.8 13.3 115 28
45 0.14 8.0 1.0 1.4 10.3 372 73
69 0.16 8.0 19.2 1.1 9.0 612 82
93 0.13 7.8 13.3 0.8 7.2 1475 105
117 0.11 7.7 22.6 1.2 12.6 1472 36
141 0.10 7.6 29.1 0.5 6.5 5157 81
189 0.11 7.5 76.9 0 7.9 8200 53
213 0.11 1.5 121 0.5 6.1 9633 214
237 0.10 7.4 119 0 6.0 11424 232
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Fig. 3. Changes in dissolved oxygen concentration (a) and pH (b) in
the chamber water with time.

o §EATH UINZ O RE U R AASE AL 2
2 Wzt A5ES AR e 4718 Bt dvdoz 94

B S Wk R

pHE §&4+4 wisiel fAlSHA A AZAE S Huigl 8.290
ARE A 77k AA AL 7443 JtKTable 1, Fig. 3b). pH
tae F718 E3=Z g o, T 7Ilshe Aoz A 7
ol A pHY| Zée 718 AL e o9t &
Ao TR A A 14107 o] F = pHE SA
73t Qo B R o] FME f71E B/} A% JH
Aoz AlmEr) o2 Avke H B W A E o &
B 27} o] 72elA Aoz $AE Folgke W AF
Azt

N

b o

o N ¢ ok

R

LA 27| AR, 8 W Yt 0|2 sxHE;

TR AAE Te vdd 27100 371814 9 heell 2829 uM
2 7P g1, o)F A&g o 7445h} 117 hr 24 12.6 uM
2 AZ Z7100) A 48T Table 1, Fig. 4a), 240 7+
Adhe 7R 48 Hhe-S RkgEY, B8] §43% 744t o
ot 9~45 hroll EFHE 21~45 hr A)7FHo)A obdArg ) FEY
37} peak FENZ Vel 22 (Table 1, Fig. 4b) AAtge) &:d
Abslake-g wigdict. Aakde] AZ Z7h & oA Zhhshs 117 hr
o]Fe] F7HM T o)Lt e] A ATFR peak FEIR FE
WIS Helths oA 2ads) w9l 71s4e a5 5 AU
AT, o189 TR} Rtk HoA & wf, o F7i
A9 @223l whedl 9§ f71E Bale njekdt Ao g A=)

Fz U RVl T mFdd 7] 45hrtA BAE &
o A&H o8 FrietH, 53] 141 hr o|Fol= FA A F71st
3 tH(Table 1, Fig. 4c). o) £&4k47) 141 hr o]& AA &

E AN gRUole] AFEE0] 7iEE FHY TE F
7Bt et ZeE AR wikdd 2] Ryl B 7
g A A7 velRd ZAe B Sk FAike kg R
32 XA},




66 o7 -

30

h (a)
20

O 1 Il 1] 1
100 150 200

Time (hr)

NO3™(uM)
P

250

(b)

NO2™ (p,M)
n F-N
—

100 150
Time (hr)

150

NHe* (uM)

o
[=

100 150 250
Time (hr)

Fig. 4. Changes in concentrations of nitrate (a), nitrite (b), and
ammonia (c) in the chamber water with time.
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Fig. 5. Changes in concentrations of iron (a) and manganese (b) in
the chamber water with time.
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Table 2. Diagenetic reactions responsible for the changes in concentrations of dissolved elements in Table 1.

1. Photosynthesis*

x'CO,+ (2" +y")H,0+y"HNO; = (CH,0) (NH,), + (x" +2y")O,*

2. Aerobic Degradation of organic matter®

(CH,0),(NH;),+(x+2y)0,+yHCO; = (x +y)CO, +yNO; + (x+2y)H,O

3. Denitrification®

(CH,0),(NH,), + (4x-; 3y)NO;—> (Zx; 4}’)N2 + (x 53y)C02 (

4. Degradation of organic matter by MnO,’

4x+ 3y)HCO_ (3x+6y)H o
2

5

(CH,0),(NH,), +2xMnO,+ (3x+y)CO, + (x+y)H,0 — 2xMn’* + (4x+y)HCO; + yNH

5. Degradation of organic matter by Fe(OH),

(CH,0),(NH,), + 4xFe(OH); + (7x+y)CO, — 4xFe”* + (8x+y)HCO; +yNH; + (3x-y)H,0

6. Nitrification”
aNH; +2a0,+2aHCO; — aNO; +2aC0,+3aH,0
7. Oxidation of Mn(II)®

bMn*" + %bOz +2bHCO; = bMnO,+2bC0O,+bH,0

8. Oxidation of Fe(II)®
cFe™ + ‘—ltc'02+20HCO§+%CH20—>cFe>(OH)3+ZcCOZ
9. Oxidation of Fe(II) by MnO,®

2dFe* +dMnO,+2dHCO; +2dH,0 — 2dFe(OH), +dMn** +24CO,

xy'=106:16=6.63 , Redfield ratio (Redfield ez al., 1963)
a. lees 1992.; b. Wang and Cappellen, 1996.

Table 3. Rate of concentration changes in oxygen, ammonia, nitrate,

iron and manganese in benthic chamber during each specific time period.

Time A0,  ANHy  ANO; AFe?  AMn?
(br) (UM/hr) (nM/hr)
0-9 434  -0.05 1.01 -18 1.0
9-45 -056 -042 -050 7.6 0.5
45-141 -042 029  —0.04 49.8 0.5
141-237  0.05 094  -0.01 65.3 1.6
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B7E o]0} Abshikgal g7k AkalE) «1 g Ao 4sNke-2
g 4 UTH(Table 4).
45~141 hroll = €844k} FAatge] Z4skar, el 3 o
Fhe F7tshe e Bti(Table 3, Figs. 3~5). 018
W3} P o] AJZF 7R A, “J{L AaE] 9% #
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W &8 7153 57189 co N 2+ AAs| &)
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ZETH(Table 6). ZHH], Table 29] 7} WH-g-2]o]l (CH,0)(NH,),E
BEHE B A 8L T3] gl *lfﬂ Zow {718
o] AR} Pz EAYTHe ARG A 1= 2 Zhe 721
o0z £ & ok webA f=8 ON Hg 663x/(x+4 06y 7t
Z 3E 71 W 6.630F FHE. RARR 9~45 hrol A E
HAE W 57189 ONEE 14.710/(9.90x- 7712 RBHEZ 1.49
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Table 4. Candidate reactions that appear to be responsible for the
observed concentration changes at each specific time period in Table 3.

Time (hr) Candidate reactions

Photosynthesis

Aerobic degradation

Nitrification

Oxidation of Fe(II) by reduction of Mn oxide

0-9

Photosynthesis

Aerobic degradation

Nitrification

Denitrification

Degradation of organic matter by MnO,
Degradation of organic matter by Fe(OH)s
Oxidation of Mn(II)

Oxidation of Fe(II)

Oxidation of Fe(Il) by reduction of Mn oxide

Photosynthesis

Aerobic degradation

Denitrification

Degradation of organic matter by MnO,
Degradation of organic matter by Fe(OH);
Oxidation of Mn(II)

Oxidation of Fe(II)

Oxidation of Fe(II) by reduction of Mn oxide

45-141

Photosynthesis

Degradation of organic matter by MnO,
Degradation of organic matter by Fe(OH);
Oxidation of Fe(II) by reduction of Mn oxide

141-237

Table 5. Stoichiometries of oxygen, ammonia, nitrate, iron, and
manganese for each specific time period. Stoichiometries presented
in multiple equations are derived from the incorporation of Tables 2,
3,and 4.

Stoichiometries for elements

Time (hr)
O (x'+2y)—(x+2y)—2a=-4.34
NH4+Z -a= —005
0-9 NO;: -v'+y+a=101
Fe*: —2d =-0.002
Mn®*: d=0.001
O: (' +2y)—(x+2y)—2a- %b—ic=—0.56
NH;: 2y—a=-043
9-45 NO;: —y'+y—§x—:§y+a=—0.5
Fe?": 4x—c—2d=0.008
Mn™: 2x—b+d=0.001
Oy (K +2y)—(x+2y)— %b— ‘1—‘c=—0.42
NH{: 2y=0.29
45-141 NO;: —y'+y—§x—§y=—0.04
Fe**: 4x—c—-2d=0.05
Mn™: 2x—b+d=0001
0,: (*+2y)=0.05
NH{: 2y =0.94
141-237 NO;: —'=-0.005
Fe*: 4x-2d=0.07
Mn™ : 2x+d = 0.002

.

pol

3

Table 6. Estimate of C/N ratio at each specific time period.

Time (hr) C/N ratio
6.63x LoX
0-9 X + 4.06 (152; = 6'63)
14.71x . X
-4 L, X _ 1.
=45 9.90x — 771 (lf'.ly 149)
45-141 0.81
141-237 0.02

t}. 2, 45~141 hes} 141~237 hrollA EFE W 7159 O/NH)
= 742 0.812} 0.020|TH(Table 6). '
oo &4z RdS B3 AME C/N HIZEE wgdE ol
Aztgo] et Zashe 4FE BAtK(Table 6). 1AL A58
Zo] 93t chamber Y & F7|8he] Z7H8 Htp 77|49 &
7hgo] Be AL vehbe Aol g, HHEW f71E0
BE gAdsr AdFe s dx BEgy #4E F 3io
a8y, 889 frgae da FHeRRE ol ON
H)zke] Wshs d4e] Ay BEaE 2kl AR Reka
AthFig. 6). MYLE 8 5 2 ) si5E AASL 92 H
Az ths] AN f718kis} A g o EX WY
28 A8 Aol 2AK o] 59] ol EXE MW /7€ &
&7 RYFUkE FA7 e gt uigdd & #7189
A9} A4 o] AF AR B vehiR] 7] qEelt. o
d Ayt VeRd 71 2 998wk d dx & 40 A
3 E@Eo] FYF Ao| olEhs A HEY Aot F AR
B% 23 Frda HHT AAY, F Ao HHE A8}
AR A f71east Ao tis) Autel] &3] FUdstL T
gk AL FE 7] HEoIth AlETt 2 o)9h 2 AT
A7 wEe) Wik AY Ao o] ON ¥l el WaE Hmske
AL 2@k s BT Youngquist(1970)E & Eo| 2 4%
wrskel vl AAd-S A= AAEIT
g E E7sl ¥2 10 cm ZololM A¥
o] 4% MHTI 958 T AL 1 Aoyt vlg- Edsithe
oA T A|EZF vEt ZEElthe AR B8t 7] 2
20 AgA RIS ARt BgEh A2 o] ZojdlA
7] Ake] e A7 Ao vls] AP Foff Az AU
Fig. 69 T HAE A87t 598 Aotk sulsEt= #71=
B QRE f78A 2 A FpEsiel 22 wAGe] Wt
A A7 E QA8 4R ¥ Foln). LA Wt dA
3 792 A9 sle AR AA A Bk AR Fel|A] T WSt
o A AT £ 7] diolnt. o]d AN FFF
S71EAT AF Aol vis) 43 & 8§A3] o
| 224 Yol A3 Hojd AL s {71
AAFSIAEL QTHEg. 7). F7)E Bajo] wE ol9} 2
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Fig. 6. Depth profiles of sedimentary organic carbon, nitrogen and
their C/N ratio before ad after the incubation experiment. Note
prominent decrease in nitrogen content at 10 cm after the incubation
and corresponding increase in C/N ratio.
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