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Abstract The concentration and profile characters of nutrients in ssdiment porewar
ter of the South Ocean, sampled during the cruise of CH NARE-18 of the austral sum-
mer 2001/02 were detemined The results show that the content of SO, -Si and NH, -
N were much higher than other nutrients The profile of SIO; -Si was characterized
with shap gradients near the ssdimentwater interface, profile distribution of silicate
show that during the diagenetic reaction of silicate, dis®lution was the main part
The organic matter decamposition was occurred under the anaerobic condition Ben-
thic fluxesof SIO; -Si, NH, N were fram pore water t overlyingwater, and regenera-
tion of silicate and anmonium were the main part of the nutrient regeneration fram the
pore water of the study area
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1 Introduction

Sediments and their pore water play an important role in the cycling of many chemical
aubstances, such as nutrients and organic contaminants Both chemical and microbiological
trandomation processes are reponsible for cycling elements betveen water and sediments
Bellov the ssdiment and water interface, mineralization of organic matter is the main part of
early diagenic proces@é” , during which nutrients that preserved in ssdiments could re-
lease to pore water, and exchanged with overlying water by gradient of concentration, and
by physical and biological stirring Therefore, study on porewater compositionsof nutrients
in the sediment is very important t understanding nutrients biochemical cycling?'.

The data st presented in this study ismainly focused on the porewater concentrations
of nutrients and their fluxes across the sedimentwater interface at the stations in the Prydz
Bay, eastAntarctica, and adjacent area of the GreatW all Station, west A ntarctica, during
the cruise of CH NARE-18, the austral summer of 2001/02

2 M ater ial and methods

Four sdiment cores (G-1, V-8 N-10, D-1) were collected by no-perturbation- sed-
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iment-collector with four tubes, during the cruise of CH NARE-18 of the austral summer
2001/2002 Fig 1 and tablel shows the investigation area and the sanpling stations The
dianeter and length of the collector tube is10 an and 60 an, regectively And the lengths
of our cores are fran 10an t 30 an. The sdiment in the upper 10 an of each core was
dliced into 1 an intervals, and below 10 an then into 2 an intervals Samples for analysis
of nutrients concentrations in the bottom water were al collected fram the cores by draving
water fram 5 an above the undisturbed sedimentwater interface The sgparation of the pore
water fran the sediment sliceswasoperated by centrifugation ( (at 4000 g for 30 minutes).

All thewater samples filtered through O 45U m pore size cellulose acetate filters and HgCl,
were added in all filtered sanples and siored for further analysis Nutrients concentrations
in pore water were analyzed in the laboratory using an autanalyzer (Browvn Lubbi), and
the methods recommended by the" Standards of M arine Survey” (The STSA, 1991) were
used The standard lutions for analysis of the content of nutrientswere provided by the
Second Institute of Oceanogrgphy, SOA. Sedimentwater flux incubationswere held by u-
sing one tube of sediment in G-1 and NV -10, and fluxesof nutrients across the ssdiment-wa-
ter interface were calculated fram the time-varying concentration of them in the overlying
water of the incubated tube Al sediment processingwas carried out at in situ temperature
(2°C) o awoid temperature artifacts

Table1  Sanpling stations

Station Longitude L atitude Depth(m) Date
Greatwall station G-1 58°55 0'W 62°13 0'S 6 2001 12 17
PrydzBay V-8 72°59 1'E 66°51 2'S 510 2002 02 23
PrydzBay M-10 72°56. 5'E 67°30 0'S 596 2002 02 23
Davis station D-1 77°53 0'E 68°33 0'S 30 2002 02 25
i G-1» =~ Indian Ocean

-0 Weddell Sea

Antrarctica

1 I 1 1 I
-80° -60° -40° -20° 0° 20° 40° 60° 80°

Fig 1 Sampling stations in the Southern Ocean

3 Realt and discussion
3 1 Dissolved silicate (DSi) down core profiles
Fig 2 shaws the concentrations of silicate in the overlying water and pore water The

pore water concentrations of DSi diplay a larger range of variation, from 229 00-759. 57
M mol/dn’. The average concentration of M-8, VM-10, G-1, D-1 was 566 79, 617. 01,
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547. 88 and 454 98U mol/dm’, repectively We can e that the average at M-8 and G-1
were similar and that at D-1 was the lovest Shamp gradients gopeared near the sediment-
water interface in all the profiles and are more pronounced at the station M-8 and M -10 in
the Prydz Bay. The DSi concentration increased from 74 35U M, which represents the
mean DSi concentration in the bottom water, t the value of 349 08 mol/dm’ at 0 am,
and with depth increased the concentration of D Si in each porewater except in the G-1, ex-
ponentially gpproached b a stable agmptotic concentration of C; in upper 10 an of the
core, which closed o the typical distribution of sedimentwater interface undergoing low
physical and biological stirringl“]. In G-1 further increaze inDSi belov 10 an are obvi-
ously, and under 15 an the increase is snall ranging betwween 599 47-719 57 mol/
dn’,

Archer et al (1993) assumed that the porewater concentration of D Si regulate biogen-
ic silica disolution rates as it increases down-core until reaching saturation for the biogenic
opal present, and C, isassumed o be the olid phase lubility’®'. However other research-
ers did not think the C, was the solubiIity[G] , because the early diagenic processs include
not only the disolution process but al other chemistry processes Moreover the adsomption
by clay made the porewater concentration of DSi lower than the solubilitym , ©theC; isa
concentration of equilibrium. Fig 3 is the* disolution-diffusion-reaction” mode of DSi in
pore water raised by Song (1991). Acoording o the mode, disolution is the main part of
the early diagenic processesin V-8, V-10 andD-1 However, in G-1, except the dislu-
tion process there al adomption and precipitation processes in the early diagenic process
The C, value of M-8, M-10 and D-1 is624, 651 and 4884 mol/dm’, repectively, which
are less than the olubility of biogenic silica measured in the laboratory (1100 M at
2°c’™) Pl},lt higher than that in Northeast A tlantic, which varied betveen 180 and 230
u mol/dn’™!,
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Fig 2 Profile distribution of silicate in sediment porewater (4 mol/dm’).
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Fig 3 Mode of* diffusion-advection-reaction” of disolved silicate in sediment interstitial water® .
3 2 Disolved inorganic nitrogen dovn core profiles

The porewater concentration range of nitrate, nitrite and anmonium for all sanples of
the present study were 2 86-56. 20, O 14-2 43 and 10 70-623 60U mol/dm’, repective-
Iy Concentrations of anmonium were much higher than the fomer wa And of the three
foms of inorganic nitrogen nutrients, anmonium nitrogen ok up about 98% of the tal in
G-1 (average concentration: 305 97H mol/dn’) and D-1 (average concentration: 263 72
M mol/ d’na). W hereas the nitrate concentrations in pore water at G-1 and D-1 were only
5 77 and 6 73U mol/dm’, repectively On the contrary, nitrate was the main part of the
three foms of inorganic nitrogen nutrients in M-8 and V-10, 35 26 and 29 16 mol/
dm’, and they contained the lowest average concentration of anmonium, 29 73j mol/dn’
at V-10 and 42 90M mol/dm’ at V-8

The foms and concentrations of inorganic nitrogen nutrients in the pore water are
mainly controlled by the early diagenic process In G-1 and D-1, anmonium was the main
fom of inorganic nitrogen nutrients, which indicate that degradation occured under anoxic
conditions induced by reducing bacteria Fig 4 is the profile distribution of Eh in sediments
of G-1 and M-10. The value of Eh decreased with depth, which ranged from -45 0 194 mv
in G-1 and 268-497 mv in M -10, means that ssediment in G-1 was under weak anoxic con-
ditions and increased with depths sediment became much more reductive, and the top sedi-
ment in M -10 was under oxidative in sime extent than the ssdiment under 9 an, based on
the correlation betveen reductive-oxidative characteristic and Eh of sediment™®*.

Ammoniun concentrations in the pore water increased with depth, egecially it was
much higher than that of the surface layer bellov 10 an (Fig 5-a). However, the nitrate
profileswere contrary to the anmonium profiles, which were decreased with depth (Fig 5-
b) , whichwe infer that is because of nitrate acting asoxidation agent ***'.  In surface sedi-
ments, where under oxidation condition, anmonium could be oxidized into nitrate, butwith
depth increasing, sadiment becane much more reductive and under anoxic condition, ni-
trate acted asoxidation agent Thus, the nitrate concentration in the top aurface ssdiment
was relatively high, but rgpidly decreased with depth
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Fig 4 Profile distribution of Eh in sediments(mv).
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Fig 5 Profile distribution of anmonium and nitrate in sediment porewater (4 mol/dm’).
3 3 Nutrients fluxes at the sediment-water interface

3 3 1 Fluxesestimated fran porewater gradients
Considering only the state of molecular diffusion, the bottom flux of nutrients in sedi-

ment pore water can be calculated from Fick’ s FirstLav as

&C
Fs =D& — (1)
W here Fs is the flux fram sediment to overlying water (mmol/(m’- d)); ® denotes the
porosity of the sediment(Q 78"') ; Ds is the coefficient of molecular diffusion in sediment
(am’/s), fram Li (1974)""'; (ac/0z) is the concentration gradation of nutrients in in-
tergtitial water of the sediment, Considering D s =® ’Do (Do molecule diffusion coefficient
in seawater, NH, : 9 8x10° an’s ', Sii 5 5%x10° an’/sNO; : 9 78 x10 ° an’ /

$¥Y thus the equation is
(2)
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The DSi profileswere fitted by Eq  (3) '
C =Cy - (Cy - Co)eXp@X) (3)
C, istheDSi concentration at the depth x, C, is the agmptotic DSi concentration, 3 is the
second fitting parameter, the curvature of the profile® . The flux is then detemined using
Eg (4), which is the first derivative of Eq (3) at the interface, substituted into Eq
(2):
Fs =®°Df (C, - G) (4)

Nutrients in sediment interstitial water except nitrate have the upward fluxes from sedi-
ment  overlyingwater, and nitrate has the dovnward fluxes from overlying water o sedi-
ment in G-land D-1 sdiment cores Fluxes of DS fluctuated betveen O 70 and 1 22
mmol/(m’- d), and NH, betveen 0 13 and 2 03 mmol/(m’- d) (Tah 2,3). A lthough
nitrate has the dovrnward fluxes, compared with silicate and anmonium itwasmuch lower
(Tah 4). S we can conclude that in study areas, regeneration of silicate and anmonium
are the main part of nutrients regeneration in the sediments

3 3 2 Fluxesmeasured in situ incubation

The changes in the gradientsof theD Si concentration in the tube incubation were used
o calculate the flux of silicic acid coming fran the disolution of biogenic silica, either at
the ssdimentwater interface or within the ssdiment colunn Fluxeswere estimated using
linear regressions gpplied to the data presented in Fig 6 The measured fluxes of G-1 and
M-10werel 74 and 1L 22 mmol/(m’- d) (Table2), repectively Themeasured flux of

V -10 was very similar ©o the fluxes calculated using pore water gradients, which was based
90
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Fig 6 DSi concentration in the tube incubation as a function of time

Table2 The henthic diffusion fluxesof nutrients in sediment porewater in the study Stations

Station G SO; -?i Cy SO, -§i B . Calculateol2 fluxes M eaSJredzfluxes
M mol/dm M mol/dn an mmol/(m” - d) mmol/(m” - d)
G1 102 75 309 71° Q93" 174
V-10 68 74 651 30 Q 82 119 122
V-8 79 53 624. 30 Q 90 122
D-1 46 36 487. 80 Q 64 Q 70

* . the content of DSi in the surface porewater, not theC;; * * : the flux of G-1 was calculated based on the
Eq (1)
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on the Eq (4). Itcan bepresumed thatmost of the diffusive fluxes are result fram disolu-
tion of BSi in the upper 5 an of the ssdiment colunn in V-10

4 Conclusion

From the resulted data, it ispossible to drav the folloving conclusions
(1) High silicate and anmonium concentration was the main characteristics of N utri-

ents camposition in sediment pore water of study areas, which concentration rang fram
229 00-759 57M mol/dm’ and 10. 70-623 60U mol/dm’, regpectively.

gen

(2) Ammonia nitrogen camprised up to 98% of the three fomsof total inorganic nitro-
Profile distribution of anmonium increased with depth However the profile distribu-

tion pattern of nitrate was contrary to anmoniun. For anmoniun and nitrate, the profile
distributions basically agreewith the anoxic process Profile distributionsof silicate indicate
that the main diagenetic reactions of silicate were dis®lution of silicate

(3) Nutrients in sediment pore water except nitrate have the upward fluxes fran sedi-

ment o overlyingwater Regeneration of nutrientswasmainly achieved by silicate and an-
moniun. Most of the diffusive fluxes are result fraom disolution of BSi in the upper 5 an of
the ssdiment column
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