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Abstract

For better understanding the phosphorus (P) cycle and its impacts on one of the most important fishing grounds
and pressures  on the marine ecosystem in the Yellow Sea (YS)  and East  China Sea (ECS),  it  is  essential  to
distinguish the contents of different P speciation in sediments and have the knowledge of its distribution and
bioavailability. In this study, the modified SEDEX procedure was employed to quantify the different forms of P in
sediments. The contents of phosphorus fractions in surface sediments were 0.20–0.89 μmol/g for exchangeable-P
(Exch-P), 0.37–2.86 μmol/g for Fe-bound P (Fe-P), 0.61–3.07 μmol/g for authigenic Ca-P (ACa-P), 6.39–13.73
μmol/g for detrital-P (DAP) and 0.54–10.06 μmol/g for organic P (OP). The distribution of Exch-P, Fe-P and OP
seemed to be similar. The concentrations of Exch-P, Fe-P and OP were slightly higher in the Yellow Sea than that
in the East China Sea, and low concentrations could be observed in the middle part of the ECS and southwest off
Cheju Island. The distribution of ACa-P was different from those of Exch-P, Fe-P and OP. DAP was the major
fraction of sedimentary P in the research region. The sum of Exch-P, Fe-P and OP may be thought to be potentially
bioavailable P in the research region. The percentage of bioavailable P in TP ranged from 13% to 61%. Bioavailable
P burial flux that appeared regional differences was affected by sedimentation rates, porosity and bioavailable P
content, and the distribution of bioavailable P burial flux were almost the same as that of TP burial flux.
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1  Introduction
Phosphorus (P) is an essential nutrient in the oceans that can

control  primary  production,  influence  ecosystem  structure
(Paytan and McLaughlin, 2007) and the global biogeochemical
cycles (Broecker and Peng,  1982).  The oceanic P level  is  gov-
erned by the input from fluvial and eolian sources and burial in
sediments (Schenau et al., 2005). Excessive imports of P to the
ocean can change the nutrients concentrations and their stoi-
chiometric ratios,  cause eutrophication (Ahlgren et al.,  2006),
bloom of toxic algae (Anderson et al., 2002; Kawasaki et al., 2010)
and hypoxia in bottom waters (Diaz and Rosenberg, 1995), affect
plankton composition and change the entire food web in a longer
perspective (Humborg et al., 1997). In marginal seas, marine sed-
iments are the major sink for P. Previous studies indicated the oc-
currence  of  significant  diagenetic  reorganization  of  P  during
burial in continental margin sediments (Ruttenberg and Berner,
1993; Berner and Rao, 1994; Slomp et al.,  1996). Better under-
standing of P cycling in the oceans, especially in continental mar-
gin seas can provide an insight of  the biogeochemistry in the
ocean and the cycling of C, N, O and S on geological time scales
(Van Cappellen and Ingall, 1996).

The Yellow Sea (YS) and the East China Sea (ECS) are the im-

portant marginal seas in the Northwest Pacific. The YS is a tem-
perate and shallow semi-enclosed sea between China and the
Korea Peninsula and its mean depth is 44 m. Previously, the YS
ecosystem has been experienced so many changes in the past few
decades, including the changes of nutrient concentrations and
ratios (Gao and Li, 2009), increased eutrophication (She, 1999),
changes in the composition of plankton communities (Lin et al.,
2005), significant increase in the jellyfish blooms (Dong et al.,
2010) and the recurrence of macroalgal green tides blooms (Sun
et al., 2008). The spring blooms could play an important role in
the structure of the YS ecosystem, affecting carbon fixation and
other services (Tang et al., 2013). The ECS which links the west-
ern pacific by the Okinawa Trough and Ryukyu Islands at the
southeast is connected to the YS at the north. The ECS has a con-
tinental shelf width of about 640 km and the mean depth is 72 m
(Dong et al., 2011). The ECS may face the same responses of eco-
systems to changes in physical variables and chemical elements
as the YS in recent years (Chai et al., 2009; Wang et al., 2003). The
YS and the ECS receive a huge amount of sediments discharged
annually by the Changjiang River (Yangtze River) (0.48×109 t/a;
Milliman, 1991) and the erosion of the old Huanghe River (Yel-
low River) mouth (0.5×109 t/a; Satio and Yang, 1994). Most of the
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suspended sediments  transported by the Changjiang River  is
moved southward by the Jiangsu coastal current (Cao et al., 1989)
and deposits in the Zhejiang and Fujian mud area, only a small
portion is transported east and northeast (Sternberg et al., 1985).
It  is  reported  that  the  Changjiang  River  which  is  the  world’s
fourth  largest  river  discharged  (calculated  by  P)  about
(11.8±2.3)×109 mol/a and more than 95% of the riverine P is in
the solid phase (Qu et al., 1993; Fang et al., 2007). The Kuroshio’s
incursion  can  also  supply  0.38  kmol/s  in  summer  and  0.92
kmol/s in winter (Zhang et al., 2007a).

In recent years,  many research focused on the concentra-
tions, distribution, biogeochemistry behavior and environmental
significance of P in surface sediments or sediment cores in the YS
and the ECS (Feng et al., 2001; Cao and Liu, 2010; Liu et al., 2004;
Song et al., 2006; Wei and Wang, 2012; Zheng et al., 2003). For
better understanding the P cycle and its impacts on one of the
most important fishing grounds and pressure on the marine eco-
system in the YS and the ECS as a whole, it is essential to obtain a
better insight into the behavior of P and distinguish the contents
of different P speciation in sediments. The knowledge of distribu-
tion and bioavailability of P in sediments of the YS and the ECS
will  be significant for  further study of  P geochemistry.  In this
study, the modified SEDEX procedure (Slomp et al., 1996; Kraal
et al., 2009) is employed to quantify the different forms of P in
surface sediments of the YS and the ECS.

2  Materials and methods
Surface sediments were collected in the YS and the ECS by

box  sampler  on  R/V  Dongfanghong  2  and  Shiyan  3  between
March and June in 2011(Fig. 1). Surface sediments (0–2 cm) were
sealed in polyethylene bags and kept frozen (–20°C) for future
analysis.  Surface sediment samples were frozen dried using a
Freeze Dryer (Alpha 1-4, Martin Christ GmbH, Germany) and
grounded with an agate mortar in the home laboratory. In our
previous study, P was measured using separate extractions. Inor-
ganic P (IP) was directly measured by 1 mol/L HCl extraction
(25°C for 16 h), total P (TP) was measured by 1 mol/L HCl extrac-
tion after ignition of the sediment (550°C for 2 h) (Aspila et al.,
1976). In the present study, P was measured using sequential ex-
tractions.  TP  was  divided  into  exchangeable  P  (Exch-P),  Fe-
bound P (Fe-P),  authigenic Ca-P (ACa-P),  DAP and organic P
(OP). IP which is the sum of exchangeable P, Fe-bound P, ACa-P
and DAP was extracted by the SEDEX procedure (Ruttenberg,
1992) as modified by Slomp et al. (1996) and Kraal et al. (2009).
Exch-P was extracted with 1 mol/L MgCl2 (pH 8, 30 min, 20°C).
The sediment residue was extracted with citrate-dithionite-bicar-
bonate (CDB, pH 7.3, 8 h, 20°C) as Fe-P and the sediment residue
was washed once with 1 mol/L MgCl2 (pH 8, 30 min, 20°C). ACa-
P was subsequently extracted with 1 mol/L Na-acetate buffer (pH
4, 6 h, 20°C) and the sediment was washed again with 1 mol/L
MgCl2 (pH 8, 30 min, 20°C). The rinses with MgCl2 are necessary
to reverse secondary adsorption. Finally the sediment residue
was extracted with 1 mol/L HCl (24 h, 20°C) as DAP. OP was ob-
tained by subtracting IP from TP. The analysis of the Chinese
standard of coastal sediment (GBW 07314) gave the TP concen-
trations of (19.68±0.08) μmol/g, which compared well with the
certified value ((20.85±1.97) μmol/g) (Liu et al., 2004). The ana-
lytical precision for the P extractions was better than 1% for TP,
1.58% for Exch-P, 7.33% for Fe-P, 1.24% for ACa-P, 1.84% for DAP
and 5.00% for OP.

3  Results
Among  the  different  forms  of  P,  the  P  concentrations  for

Exch-P,  Fe-P,  ACa-P,  DAP,  and  OP  were  0.20–0.89  μmol/g,
0.37–2.86  μmol/g,  0.61–3.07  μmol/g,  6.39–13.73  μmol/g  and
0.54–10.06 μmol/g, respectively; the average percentage of differ-
ent forms of P in TP were 3%, 8%, 9%, 55% and 25%, respectively.
IP was the major speciation accounting for 54%–95% in TP and
had no obvious differences with that of directly measured by 1
mol/L HCl extraction in our previous work.

 

 
Fig. 1.  Locations of sediment samples, currents and the
distribution of fine-grain sediments in the Yellow Sea and
the East China Sea. ◇stands for the locations of sediment
samples sampled between March and April and ● the loc-
ations of  sediment samples sampled between May and
June.  The  currents  are  the  Yellow  Sea  Warm  Current
(YSWC), the Yellow Sea Coastal Current (YSCC) and the
Taiwan Warm Current (TWC). The gray colors indicating
mud areas. The currents and mud areas are based on the
studies of Bian et al. (2013) and Yuan et al. (2008).

 
The horizontal distributions of different forms of P in surface

sediments of the YS and the ECS are shown in Fig. 2. The distri-
bution of Exch-P, Fe-P and OP seemed to be similar. The concen-
trations of Exch-P, Fe-P and OP were slightly higher in the YS
than that in the ECS, and low concentrations could be observed
in the middle part of the ECS and southwest off Cheju Island. The
distribution of ACa-P was different from those of Exch-P, Fe-P
and OP. The concentrations of ACa-P decreased southward, but
the maximum of ACa-P appeared in the southeast of the study
area. The concentration of DAP had two high values located in
the south and north parts of the Changjiang River Estuary and
decreased eastward obviously. The minimum of DAP could be
observed in the northern part of the southern YS.

4  Discussion

4.1  Phosphorus forms
With the development of industrialization and urbanization,

so many sewage effluents with abundant nutrients have been dis-
charged into the coastal ocean through different pathways. At-
mospheric deposition was also the predominant pathway for P to
the Yellow Sea, and was in the same magnitude as the rivers in-
put (Zhang et al., 2007b;  Shi et al., 2013).  While in the ECS, at-
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Fig. 2.  The contours of different forms of P in surface sediments (μmol/g).

 
mospheric deposition was almost equal to the rivers transporta-
tion. In addition, Kuroshio’s intrusion and phosphate transpor-
ted through the Taiwan Strait  are also important sources of  P
(Zhang et al., 2007a). The majority of the riverine P is retained

within continental shelf sediments and cannot reach the open
ocean (Ruttenberg, 1993). The concentration of TP in suspended
particulates of the rivers in the world varies from 18 to 64 μmol/g,
with a mean of 37 μmol/g (Martin and Meybeck, 1979). While the
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total concentration of particulate P was 23 μmol/g in the Changji-
ang River and 18 μmol/g in the Huanghe River (Yellow River) (Qu
et al., 1993; Meng et al., 2007). Marine sediments are mixtures of
marine and terrestrial materials. The concentration of TP in sur-
face sediment in the research area was 10.50 to 24.10 μmol/g, and
it may be affected by sources of input materials, grain size, de-
positional environments, hydrological conditions and anthropo-
genic activities (Song et al.,  2014; Song et al.,  2006; Hou et al.,
2001).  These values obtained in the present  study agree with
those of the other marginal seas, such as the Iberian margin (van
der Zee et al., 2002), the Gulf of Mexico (Filipek and Owen, 1981),
the  Amazon  Shelf  (Berner  and  Rao,  1994)  and  the  North  Sea
(Slomp et al., 1998).

Exch-P represents the loosely absorbed P that comprises pore
water P and leached P from decaying cells of bacterial biomass in
deposited  phytodetrital  aggregates  (Rydin,  2000;  Pettersson,
2001). Exch-P is low, but it is easily available by algae. High val-
ues of Exch-P could be observed in the southern YS mud area,
Zhejiang and Fujian mud area and outer shelf  of  the ECS. Al-
though the material source for the muddy patches are different,
the sediment is dominantly fine-grained clay (Fig. 1) and fine-
grained clay has a large capability to adsorb P compounds (Sa-
lomons and Gerritse, 1981).

Fe-P is the indicator for the extent of environment pollution
and tracer of material source (Hisashi, 1983). The Fe-P concen-
tration in sediments of the Huanghe River Estuary was lower than
that in river sediments. This may result from the input of marine
sediments and the reduction of sulfate. The Fe-P concentration
was more than 10 μmol/g in  sediments  in  lower  reach of  the
Huanghe River (Qu et al., 2014). While in the YS sediments, the
contents of Fe-P were much lower than that of the Huanghe River
sediments. The concentration of Fe-P in the ECS sediments de-
creased eastward from the Changjiang River Estuary. These ob-
served  values  consistently  agreed  with  the  concentrations  of
phosphate (Chen, 2008) and particulate P (Wang et al., 2004) in
seawater. The distribution of Fe-P may be affected by anthropo-
genic activities and can reflect the decreasing tendency for the
extent of environment pollution from the river to the offshore
sites.

High values  of  OP and ACa-P can also be observed in the
northern part of the southern YS. The sediment here was thought
to originate from the modern Huanghe River and transported by
the  Bohai  Sea  Coastal  Current  (Lan  et  al.,  2005).  Only  fine-
grained particles can be transported a long distance and reach
this region due to hydrodynamic conditions (Fig. 1), and coarse-
grained particles may sink and deposit in coastal area because of
weak tidal  currents  (Dong et  al.,  2011).  Weak tidal  and water
column stratification may be favorable  for  fine-grained sedi-
ments  to  be  deposited  in  the  sea  bed  (Hu,  1984;  Dong  et  al.,
2011). This region is a cold vortex mud area and the local sedi-
mentary environment is benefit  for preserving organic matter
(Saito and Yang, 1995; Bian et al., 2013; Yuan et al., 2008; Wei and
Wang,  2012).  The concentrations of  chlorophyll  a  are high in
spring due to the onset of the phytoplankton bloom and there
has been an increase of primary production in recent years (Fu et
al.,  2009; Wei and Wang, 2012). Nutrients supplied by vertical
mixing of water column can promote the growth of phytoplank-
ton that is the source of sinking debris rich in organic matter and
ACa-P (Wei and Wang, 2012). ACa-P in the northern part of the
southern YS could reflect both terrestrial input and authigenic in-
put from calcium organisms.  ACa-P was positively correlated
with clay and silt content but negatively with sand content (Yu et

al., 2013). The Huanghe River sediment is characterized by high
contents of apatite and Ca compared with the Changjiang River
sediment (Yang et al., 2004). The similarity in phosphorus con-
centration of river sediments and of soils from the Loess Plateau
suggests  that  phosphorus  transport  of  the  Huanghe  River  is
mainly influenced by the soil loss from the Loess Plateau (Yu et
al., 2010). High contents of ACa-P and OP can also be observed in
the outer shelf of the ECS which may be affected by the Kuroshio.
The Kuroshio has the function for transporting nutrients from its
origin area to the Kuroshio Extension (Guo et al., 2012). The nu-
trients carried by the Kuroshio may contribute to the primary
production along the shelf break of the ECS and will have an im-
pact  in  the waters  in  this  region (Guo et  al.,  2012;  Wen et  al.,
2012). The mean onshore nutrient transport from the Kuroshio to
the continental shelf of the ECS was 9.4 kmol/s for nitrate and
0.7 kmol/s  for  phosphate,  respectively  (Zhao and Guo,  2011).
ACa-P in the outer shelf of the ECS was impacted by authigenic
input from calcium-bearing organisms under the influence of the
Kuroshio (Lin et al., 2002). Meanwhile, high concentration of nu-
trient could maintain the growth of phytoplankton and zooplank-
ton in spring and summer. After the blooms, sinking debris of
plankton rich in organic matter and ACa-P would deposit in the
sediment and resulted in high contents of ACa-P and OP.

The concentrations of different forms of P in the ECS sedi-
ments decreased eastward from the Changjiang River Estuary.
These observed values consistently agreed with the concentra-
tions of phosphate (Chen, 2008) and particulate P (Wang et al.,
2004) in seawater, the horizontal distribution of chlorophyll a
(Wang et al., 2009) and distribution of primary production (Lin et
al., 2011). The concentrations of DAP in continent marginal sea
are  affected  by  the  land-source  sediment  loads;  the  major
sources of sediments in the ECS include terrigenous sediments
from the Changjiang River, relict sediment from the middle shelf,
biogenic carbonate from the outer shelf and sediments from the
Yellow Sea (Fang et al., 2007). In the estuarine area and the Zheji-
ang and Fujian mud area, the sediment is characterized by fine-
grained  clay;  while  the  sediment  is  characterized  by  coarse-
grained quartz sand in the middle shelf region (Fang et al., 2007).
The ECS is a transition area from an inner shelf covered by detrit-
al sediments to outer shelf and slope dominated by biogenic sed-
iments (Niino and Emery, 1961). DAP is the major fraction of sed-
imentary P in the ECS. Meanwhile, DAP was found to be the ma-
jor components of IP whose content was more than 50% of TP in
surface sediments of the Huanghe River (Ma et al., 2009). There is
a negative correlation between DAP and clay or silt, but DAP is
positively correlated with sand. DAP is easier to combine with
coarse particles and exhibits coarse-grain enrichment (Qu et al.,
2014). Fine-grained sediments that were transported a long dis-
tance are the main components in the northern part of the south-
ern YS, and the concentrations of DAP were lower than that of
the Changjiang River Estuary and its adjacent area.

4.2  Bioavailable phosphorus
Distinguishing P speciation is essential for understanding the

potential bioavailability of P in surface sediment in the study re-
gion. Bioavailable P can contribute to local primary production
when reaches the seawater due to sediment resuspension and/or
bioturbation. Bioavailable P is defined as the amount of immedi-
ately available P and the P which can be transformed into the
available form through natural processes (Sonzogni et al., 1982).
Exchangeable P is the only one of the different forms of P that can
directly be uptaked by phytoplankton, but the other forms of P
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may transform into exchangeable P when the sedimentary envir-
onment changes. ACa-P and DAP are almost insoluble in seawa-
ter (Liu et al.,  2004). When Fe-P is reduced in anoxic environ-
ment the adsorbed phosphate is released into pore water; OP can
become bioavailable by remineralization (Andrieux and Aminot,
1997). The sum of Exch-P, Fe-P and OP may be thought to be po-
tentially bioavailable P in the research region. The percentage of
bioavailable P in TP ranged from 13% to 61% (Fig. 3). The per-
centage of bioavailable P in TP in the YS was higher than that in
the ECS. In the northern part of the south YS, the concentration
of  OP  in  sediment  was  quite  high.  The  sediment  here  was
thought to originate from the modern Huanghe River and trans-
ported by the Bohai Sea Coastal Current (Lan et al., 2005). While
in the central part of the ECS, the sediment is characterized by
coarse-grained sand or silt (Fig. 1), and DAP was the dominant
form of sediment in this area, so the percentage of bioavailable P
in TP was lower than that of the southern YS.

 

 
Fig. 3.  The percentage of bioavailable P in TP.

4.3  Bioavailable phosphorus burial flux
Burial flux of biogenic elements may reflect the environment-

al changes and trends in a particular historical period and reveal
biogeochemical cycles of biogenic elements (Song et al., 2014). P
burial  fluxes  were  calculated  using  the  following  relation:
Fb=ciω=ciS(1–φ)ρs (Ingall and Jahnke, 1994), where ci is the aver-
age sediment P concentration in μmol/g and ω is the sediment
mass accumulation rate in g/(cm2·a). For each sites where mass
accumulation rate was unavailable, ω was calculated using the
relation ω=S(1–φ)ρs, where S is the linear sedimentation rate in
cm/a (Data derived from Li et al. (2012), Hu et al. (2011) and Li et
al. (2002)), φ is the average porosity and ρs is the density of sedi-
ment solids in g/cm3. A density of 2.1 g/cm3 has been used for all
sediments. In our previous study, TP burial flux was found to be
in the range of 0.82–15.46 μmol/(cm2·a) (Song et al., 2014). The
present study investigated the content of bioavailable P ranged
from 1.54–13.22 μmol/g in the YS and ECS. We calculated the
bioavailable  P  burial  flux  to  be  in  the  range  of  0.22  to  6.45
μmol/(cm2·a) for the research region (Fig. 4). The distribution of
bioavailable P burial flux agreed with that of TP burial flux (Fig.
4), and high values appeared in the Changjiang River Estuary and
Zhejiang and Fujian mud areas, while low values could be ob-
served in the south YS due to its low sedimentation rates and

high porosity (Song et al., 2014; Li et al., 2012; Hu et al., 2011; Li et
al., 2002). In the Changjiang River Estuary and its adjacent areas,
a  large  number  of  terrigenous  sediments  transported  by  the
Changjiang Diluted Water may sink and deposit and the sedi-
ment existing here contain huge amount of bioavailable P (Meng
et al., 2014). So high values of bioavailable P burial flux in surface
sediments in this region may result from high content of bioavail-
able P and high sedimentation rates.

4.4  Potential impacts on ecosystem
The nutrient enrichment effects can increase the phytoplank-

ton productivity  (Hodgkiss  and Lu,  2004)  and phytoplankton
growth largely depends on the availability of inorganic nutrients.
Sediment can provide a large amount of nutrient to the overlying
seawater and is an internal source of nutrient in marginal seas
world,  including  the  YS  and  ECS  (Slomp,  2011;  Conley  et  al.,
2002; Zhang et al., 2007b). Surface sediment will consistently re-
suspend and deposit in upwelling area or by other inducements
(physical reworking or chemical drivers), and the biogenic ele-
ments in sediment may be regenerated and released to overlying
water, increase the exchange of P between particles and water
and enhance the primary productivity in seawater (Wang et al.,
2005; Zhang et al., 2004). In our present study, the percentage of
bioavailable P in TP ranged from 13% to 61%, which is a potential
internal source of P in the YS and the ECS. Microbial breakdown
of sedimentary organic matter and bioavailable P may result in
the release of phosphate to the overlying water column and re-
cycled where it is available for primary production and pose a
threat of eutrophication to waters (Rozan et al., 2002), so regener-
ating dissolved P from sediments can play an important role in
maintaining the low level of phosphate in the coastal area, and
have an impact on phytoplankton production and community
composition.

In spring, phytoplankton blooms is a common phenomenon
in temperate marine systems (Fu et al., 2012), and phytoplank-
ton can play an important role in ecosystem structure and func-
tion. The development of  economic activities and increase in
population are prone to promote eutrophication due to the large
discharge of nutrients through several pathways (Anderson et al.,
2002). Anthropogenic eutrophication and climatic changes may
result in biomass increase and frequent harmful algal blooms
(HABs) that may have an impact on the local ecosystem (Hays et
al., 2005). High chlorophyll a and primary production could be
observed in the southern YS and the Changjiang River Estuary
due to the blooms of phytoplankton in spring (Zheng and Wei,
2010; Wen et al., 2012). Nutrients supplied by vertical mixing of
water column can also promote the growth of phytoplankton in
spring. After the bloom, phytodetrital aggregates would sink and
supply  the organic  matter  to  the seafloor.  The sinking debris
would be the marine source of organic matter containing nutri-
ent elements for the local sedimentary environment.

Riverine transportation, atmospheric deposition, the Kurosh-
io’s incursion and the internal releasing from sediments are the
sources of nutrient to the YS and the ECS; beside these sources,
the nutrients transported through the Taiwan Strait are also im-
portant sources for the ECS (Zhang et al., 2007a). These nutrients
are responsible for increases in algal biomass and HABs in re-
cent years (Anderson et al., 2002), and hypoxia exacerbation in
the estuaries (Zhang et al., 2010). P can be sequestered in sedi-
ments in the forms of organic P compounds and Fe-oxides in
oxygenated bottom waters. In the Changjiang River Estuary, fre-
quent resuspension and seasonal hypoxia can change the nor-
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Fig. 4.  Bioavailable P burial flux (μmol/(cm2·a)) in surface sediments and TP burial flux is given for comparison.

 

mal redox succession in sediments, making Fe and Mn experi-
ence repeated redox cycling and releasing phosphate because of
the periodical reduction of Fe-P. Phosphate can also be gradu-
ally released during the process of remineralization of OP be-
cause of  microbial  degradation (Andrieux and Aminot,  1997).
Abundant microbial diversity in the sediments of the YS and ECS
can  promote  the  decomposition  of  OM,  and  enhance  the
bioavailability of OP (Sutula et al.,  2004). The high concentra-

tions of phosphate in porewater and high fluxes of phosphate in
sediment-water interface in the mud areas indicated the func-
tion of sediments in the release of bioavailable P (Meng et al.,
2014). The primary production may be limited by P in a portion
of the YS and ECS (Wen et al., 2012), while internal supply of P
from  sediment  may  supply  a  large  amount  of  P  to  the  water
column and relax  P-limitation primary production (Jin  et  al.,
2013; Zhang et al., 2007a).

5  Conclusions
In this study, the modified SEDEX procedure was employed

to quantify the different forms of P in sediments of the YS and the
ECS. Among the different forms of P, the P concentrations for
Exch-P,  Fe-P,  ACa-P,  DAP,  and  OP  were  0.20–0.89  μmol/g,
0.37–2.86  μmol/g,  0.61–3.07  μmol/g,  6.39–13.73  μmol/g  and
0.54–10.06 μmol/g, respectively; the average percentage of differ-
ent forms of P in TP were 3%, 8%, 9%, 55% and 25%, respectively.
IP was the major speciation accounting for 54%–95% in TP. The
distribution of different forms of P in surface sediments may be
affected by sources of input materials, grain size, depositional en-
vironments, hydrological conditions and anthropogenic activit-
ies. The percentage of bioavailable P in TP ranged from 13% to
61%. The distribution of bioavailable P burial flux was almost the
same as that of TP burial flux affected by sedimentation rates,
porosity and bioavailable P content. Bioavailable P which is a po-
tential internal source of P in the YS and the ECS could be re-
leased and recycled under certain conditions and has potential
impact and pressure on the marine ecosystem.
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