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Fig. 2 Calculated BSi (%) vs. the extraction time (h) during BSi sequential extractions for surface samples of column A and B

Si05%"

Y
(DeMaster, 1981)

, BSi
3 ,
BSi
Muller (1993)

1 mol/L NaOH 85

Si%/h  <0.1 Si%Mh Liu (2002)
2 mol/L Na,COj 85
Si%
, BSi

(
N82C03, 85 ), A
0.021+0.006 Si%/h,

2 h,

15%

]

2.6 Si%/h,
1.0 Si%/h 0.2

2 mol/L

0.018+0.005 Si%/h, B

, Mortlock  (1989)
( 0.02—
0.3 Si%/h)
Mortlock (1989) BSi
5h , 5

h 8 h
7 h
2 h
(G ,
15%,
0.70 T r r . r -
&

&

#

0.60} o A
B e e
sz /s
= o0} ,0 . 7]
g /% ///
£ 040f o0 - ]
= e -~
"_\::—' ‘e //

b ank . i
3 0.30 // .,/
= 0200 Yk |
2 s o HEAZLL
S orf  F7 O HBSR ]
///
0[’]0 1 L 1 1 1 L
0.00 0.10 020 030 040 050 060 0.70
2hifh d B2 LT F AIBSi( %o )45 A
3 7h
2h (
11, 15% )

Fig.3 Comparison of BSi (%) calculated from linear ex-
trapolation of the 7 h sequential extractions vs. that calcu-
lated at 2 h for samples in column A and B (in the picture,

the solid line denotes 1 1 relation, and the two dotted lines

denote +15% deviations)

, Mortlock  (1989)



414 38
, BSi : ( , 1984; , 1999, 2004), 2
Schluter 10a
(1998) Al : , BSi ,
BSi s )
BSi ,
> Llu
(2002) :
1 h BSi , BSi
Mortlock  (1989) 05 8%
( 0.25—0.58 Si%, 0.21—0.46
2 .0 .
’ BSi Si%), , BSi
(Liu et al, 2002),
, (2002)
’ ’ BSi ,
, BSi ,
2.2 BSi
4 A BSi , (2004)
B BSi A (2005) BSi
, BSi 0.18+0.03 Si% , , BSi
(n=20); A , B BSi ,
: 0.40+0.08 Si% ,
(n=19) B  BSi A(t-test, ,
P<0.001), A B , BSi
(2004) ,
A B BSi
cm/a BSi (<1 Si%)
0 . 0 O
L ] e * L ]
5f . o* 5F * e, 1
. [ ] ® [ ]
10t ‘. * 10F * . ‘]
..
£ 15+ . £ 15F .' 1
B * B .
% 20f . w 20f . 1
hd L ]
25t . 25+ ]
. FEA f:B
30 . 30F 1
35 L L L 35 L L
0.00 0.10 0.20 0.30 0.40 0.00 0.21 0.42 0.63
BSi/% BSi/%
4 A B (%)

Fig.4 Variations in BSi (%) with depth in column A and B



5 : 415

5 A B Si0;*” Si0;"
, A SiO 193+31 pmol/L, ( 6)
B 205+39 pmol/L,
(t-test, P>0.05) SiOs* Si0* ,
BSi Dixit  (2001)
Si0;* (Rimstidt et al,
, 1980; Sayles et al, 1996),
(Van Cappellen et al, Si05" 100—200
1997a, b; Dixit et al, 2001) Dixit  (2001) pmol/L -, BSi
, pH=8 1 atm s 0 ’
0 1100 ; BSi
BSi ,
pmol/L 30 2100 pmol/L o
, A B 2005 3 —2006 . Duat 200D -~
) 1 1 , BSi Si03
0 0 T
5k
S_
10F
£ £ 10F
B &
I‘S !‘: ]5_
20+
sl A | 20k B
30 : : 25 : !
0 100 200 300 ] 100 200 300
Si05/(umol-L™Y Si03/(umol-L™Y
5 A B Si0s*

Fig.5 Profiles of SiOs>~ concentration in sediment porewater of column A and B

500 T T T v T v 500
= 400F R*=0.41,P<0.05 e o 1 = 400l R*=0.78.P<0.001 o |
— —
'_'q L =
g — £
= 300 * — . 1 = 300+ 1
< <
£ / . icd
5 200 e . 1 5 200}
f‘lo"- PES-
& 100} HEA 1 & 100f B
0 1 1 1 1 1 1 U 1 1 1 1 1 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
VR E C VR EE/
6 2005 3 2006 2 1 A B SiOs™

Fig.6 Correlations between average SiO;>~ concentration in sediment porewater of column A and B and the average tem-
perature of monthly sampling days from March 2005 to February 2006



416 38
, 5 , A B
Al SiO;* SiOs* , 10 cm
: Al , ,
(1) BSi 5 (2) ( )
BSi ;(3)
SiO5* 3 SiOs*
, (20£2 , pH=8), 2.3 N/BSi SN
1000 pmol/L , 7 8 9 A B
, BSi N/BSi 3"°N
, 20 , A N/BSi
, 400 pmol/L 0.62+0.20(n=20), B  0.48+0.10(n=19)
, 100 mg NO;:Si05* [0.80(Liu et al, 2003);
pH=8 , 1000 h, 1.03£0.21, 2005 3 —2006 2 ,
Si0;> 500 pmol/L, , ] Redfield [0.9(Redfield et al, 1963)]
100 mg 100 mg , °F 7z
Si0;*” 300 pmol/L(Dixit et al, ,
2001) ,
Van Cappellen  (1997a, b) BSi (Liu et
Al al, 2002)
SiOs* , 4 7 8 ,
) , , N/BSi
Si0;* , (10 a),
, (
, Al SiO5* ) ,
, Si0s* BSi ,
, N BSi
SiOs* 1 a , 9
, (2003)
, Al 0
5%—7% ALOs5, sl
10% (1988)
10F o—
65% 10% 14% 11% - 15k —
, BSi = g?/y
0.5 Si% SiO, 10% * 200 -~
(Mortlock et al, 1989), 250
1% , —e—— fEA
Dixit T —o— HB
(2001) » 20 33.00 0.05 0.10 0.15
20, 8i0;* N/%
300 pumol/L, A B
7 A B N (%)
250 pmol/L Fig.7 Profiles of particulate N content (%) vs. depth in

column A and B



(BSi)

5 417
0 « N 0 . *
s ® . * .
’ . . * Sr *
10 . .
hd .
L ]
5 15} : 5 10r .
'b’- L ] 'E’_{ L ] o
g 201 s ¢
.
. .
25 o .
L] tt A 204 tt B
304 .
L]
35 . . 25 .
0.00 0.50 1.00 1.50 0.00 0.50 1.00
N/BSi N/BSi
8 A B N/BSi (mol/mol)
Fig.8 Profiles of particulate N/BSi molar ratio (mol/mol) in column A and B
0 . T 0 L]
L ] ® .
. .
SF . * . .
- L] 5r [
10t . o’
. .
L ] L L ]
£ 15} . £ 1o . .
- . - 4
= 20 . i 15k .
. L ]
251 .
30t . ¢
.
35 1 L 25 1 1
2 3 4 5 2 3 4 5
3" N/%a 3"5N/%
9 A B 8N (%o)
Fig.9 The variation in stable isotope ratio 8'°N (%o) with depth in column A and B
8N
( A) , A B , BSi
3”"N N N/BSi (<0.5 Si%) ,
( 10), ; BSi ,
14 15 . 2
N , N Si03 250 pmol/L,
(>1000 pmol/L)
, N/BSi 3"°N , ,
10—15 cm « 7, N/BSi ,
8, 9), A 15—20cm N BSi N/BSi BSi
B 10—15cm ) N BSi
8N
s N/BSi
3 ’
NN ,
7h N/BSi



418 38

5.0 T T T T 5.0 T T
2_ -
4.0F i a0k R*=0.26 Ve o |
L
. 3.0f 1 . 30t . .
& &
Z Z
= 20f 1 ™ 20t .
1.0F . 1.0F 1
a A b B
0.0 1 1 | L 0.0 | I
0.00 0.20 0.40 0.60 0.80 1.00 0.00 0.05 0.10 0.15
N/% N/%
1.20 - T T T 0.80 T T T
R*=0.61 . R*=0.13 .
L
0.80 1 0.60F 1
0 0
= =
0.40F - 0.40F -
. [ ]
[ ] [ ]
c A d B
0.00 - - - . 0.20 - . .
2.0 2.5 3.0 3.5 4.0 4.5 2.5 3.0 3.5 4.0 4.5
6"‘N-"%o 5"‘N-"%o
10 A B 8"N(%0) N(%) 3'°N(%0) N/BSi

Fig.10 Correlations of 8'°N (%0) vs. N (%) (a and b) and particulate N/BSi molecule ratio (mol/mol) vs. 8'°N (%o) (c and d)
in column A and B, respectively

, 19(4): 336—346

, 1988.
, , 108—121
> > ,2005.
) s , 2002. , 35(3): 423—
24(1): 129 428
» 24(1): 129— , , , 2004, -
b 22(1): 130—135
, , ,2004. »22(1): 130—
1999.
, 24(3): 265— ’ e 2’1°Pb ’
269 s . ,
, , , 1984,  2pp 17(1): 20—27
,4(1): 113—116 > > , 2003.
s s , 2005. . , 25( 2): 1—7
- Bidle K D, Azam F, 1999. Accelerated dissolution of diatom
silica by marine bacterial assemblages. Nature, 397:
, 36(6): 572—579 508—511
’ ’ » 1999. DeMaster D J, 1981. The supply and accumulation of silica
, 30(6): 764—769 in the marine environment. Geochimica et Cosmo-

1988. chimica Acta, 45: 1715—1732

H]



419

DeMaster D J, 2002. The accumulation and cycling of bio-
genic silica in the Southern Ocean: revisiting the ma-

rine silica budget. Deep-Sea Research  , 49: 3155—

3167
Dixit S, Van Cappellen P, van Bennekom A J, 2001. Process
controlling solubility of biogenic silica and pore water

vised global estimates, comparison with regional data
and relationship to biogenic sedimentation. Global
Biogeochemical Cycles, 9: 359—372

Pondaven P, Ragueneau O, Treguer P et al, 2000. Resolving
the ‘opal paradox’ in the Southern Ocean. Nature, 405:
168—172

build-up of silicic acid in marine sediments. Marine
Chemistry, 73: 333—352

Dugdale R C, Wilkerson F P, 1998. Silicate regulation of
new production in the equatorial Pacific upwelling.
Nature, 391: 270—272

Liu S M, Ye X W, Zhang J et al, 2002. Problems with bio-
genic silica measurement in marginal seas. Marine Ge-
ology, 192: 383—392

Liu S M, Zhang J, Chen H T et al, 2003. Nutrients in the
Changjiang and its tributaries. Biogeochemistry, 62:
1—18

Mortlock R A, Froelich P N, 1989. A simple method for the
rapid determination of biogenic opal in sediments.
Deep-Sea Research, 36: 1415—1426

Muller P J, Schneider R, 1993. An automated leaching
method for the determination of opal in sediments and
particulate matter. Deep-Sea Research, 40: 425—444

Nelson D M, Treguer P, Brzezinski M A et al, 1995. Produc-
tion and dissolution of biogenic silica in the ocean: re-

Redfield A C, Ketchum B H, Richards F A, 1963. The in-
fluence of organisms in the composition of seawater. In:
Hill M N ed. The Sea. Vol. 2. Interscience, NY, USA,
26—77

Rimstidt J D, Barnes H L, 1980. The kinetics of silica-water
interaction. Geochimica et Cosmochimica Acta, 44:
1683—1699

Sayles F L, Deuser W G, Goudreau J E et al, 1996. The
biogenic opal at the Bermuda Atlantic time series site.

, 43: 383—409

Schluter M, Rickert D, 1998. Effect of pH on the measure-
ment of biogenic silica. Marine Chemistry, 63: 81—92

Deep-Sea Research

Van Cappellen P, Qiu L, 1997a. Biogenic silica dissolution
in sediments of the Southern Ocean: . Solubility.

, 44, 1109—1128

Van Cappellen P, Qiu L, 1997b. Biogenic silica dissolution
in sediments of the Southern Ocean:

44,1129—1149

Deep-Sea Research

. Kinetics.

Deep-Sea Research

THE GEOCHEMISTRY OF BIOGENIC SILICA IN SEDIMENT OF DONGTAN
INTERTIDAL FLAT IN CHANGJIANG (YANGTZE) RIVER ESTUARY

GAO Lei'?, LI Dao-Ji*, YU Li-Hua?, KONG Ding-Jiang”, WANG Yan-Ming®
(1. State Key Laboratory of Marine Geology, Tongji University, Shanghai, 200092; 2. State Key Laboratory of Estuarine and
Coastal Research, East China Normal University, Shanghai, 200062)

Abstract

jiang (Yangtze) River estuary. Due to abundant terrestrial material inputs that cause a clay effect, sequential ex-

Biogenic silica (BSi) was determined in two sediment columns in Dongtan intertidal flat in Chang-

traction was carried out in BSi measurement. Results indicate that, similar to the sediments in the Bohai Sea and
the Yellow Sea, BSi content in Dongtan sediments was relatively lower (< 0.5S1%), than those of other regions of
the world. The high clay content of the sediment decreased the solubility; and the highest SiOs>~ concentrations in
the porewater was no more than 250 pmol/L, much lower than the solubility greater than 1000 pmol/L in pure
opal in similar environmental conditions. A consistent tendency was found that particulate N (%) and all molar
ratio of N/BSi (mol/mol) decreased with depth, which might reflected the decomposition of N and BSi in early
diagenesis process and that element N was of higher decomposition rate than BSi. The positive relationship be-
tween 8'°N (%o) and N or N/BSi revealed in the study suggests that '’N was released more readily from the organic
matter than '*N did. Moreover, the sedimentation was greatly influenced by events such as typhoon, artificial dam,
and so on, which has been demonstrated by the irregular data found in the profiles.

Key words Biogenic silica (BSi), Sediment, Dongtan intertidal flat, Changjiang (Yangtze River) estuary



