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Abstract: River sediment from two inflow watersheds (Hongze and Tiaoxi) to Hongze and Taihu
Lake in Eastern China was analyzed by the sequential extraction procedure. This study aimed to
explore a spatial distribution of phosphorus fractions in river sediments and analysed the
relationship between different phosphorus fractions and their environmental influence on the
sediments within different watersheds in Eastern China. Five fractions of sedimentary phosphorus,
including freely sorbed phosphorus, were all analyzed (NH4Cl-P), redox-sensitive phosphorus (BDP), bound phosphorus metal oxide (NaOH-P), bound phosphorus calcium (HCl-P) and residual
phosphorus (Res-P). The order of rank of the P fractions for the river Anhe was HCl-P>NaOH-P>BDP>NH4Cl-P; whereas that of the Suihe river was HCl-P>BD-P>NaOH-P>NH4Cl-P. For the rank order
of the Hongze watershed, HCl-P was higher while the NH4Cl-P contents were significantly lower.
The rank order for the Dongtiaoxi river was NaOH-P > HCl-P> BD-P> NH4Cl-P and that of Xitiaoxi
river was NaOH-P> BD-P> HCl-P> NH4Cl-P. Compared with phosphorus forms of Tiaoxi watershed,
NaOH-P contents were significantly higher in converse of HCl-P contents were significantly higher
in Hongze watershed while both in NH4Cl-P contents were significantly lower. Variations may be
attributed to differential discharge of P watershed form due to land use changes and urban river
ambient conditions.
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1. Introduction
Eutrophication is one of the world's most severe pollution issues. Phosphorus, a well-known
limiting factor has exhibited potential environmental contamination abilities for water body
eutrophication [1,2]. Rapid population growth, industrialization and increased agricultural
production account for the huge release into the environment of untreated sewage and waste [3]. As
a consequence, the anthropogenic contribution of mobilized phosphorus (P) in watersheds flows into
rivers and lakes, exacerbating the risk of surface water eutrophication [4].
Sediment is an essential source of nutrients and contributes nutrients to the freshwater bodies.
P in water has external and internal sources; P can come from external sources (agricultural and
natural) or point sources (domestic effluents and industrial) [5]. Many small and large rivers in cities

© 2020 by the author(s). Distributed under a Creative Commons CC BY license.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 June 2020

doi:10.20944/preprints202006.0288.v1

2 of 15

of Eastern China are polluted due to anthropogenic activities and topography, leading to several
ecological issues in the aquatic environment.
Sequential extraction methods have been commonly used in sediment phosphorous
morphology studies in recent years. Sediment P is classified into various forms, such as exchangeable
P, P bounded to calcium, P bounded to Al and Fe oxides, inorganic P (Inorg-P) and organic P (Orgp) [6-10]. The variations of total P and its fractions in sediments, which increased from a low
concentration at a depth of 20-30 cm to a higher concentration. This represented the anthropogenic
effects of phosphorus and the mechanisms of P release from sediment in the Hongfeng Reservoir [11].
Luo et al [12]) explored the environmental influence of sediments as well as the characteristics
of phosphorus, total phosphorus (TP), and dissolved total phosphorus (DTP) fractions of water and
excess water in sediments in Xiangxi Bay. Song et al [13] focused on the spatial distribution of P
fractions in the Meiliang Bay sediment using the SMT sequential process. Zhang et al [3] explored
phosphorus properties of surface water in the different river systems and its relationship to
environmental impact in Eastern China by SMT fractionation.
Shujuan et al [14] studied the amounts and Phosphorus forms in the Haihe River surface
sediment using a sequential chemical extraction procedure. Rivers in Eastern China run from west to
east. Phosphorus from anthropogenic activities in the watersheds get into the rivers and lakes, which
increase the risk of water eutrophication [4]. It is therefore important to identify P-sources (both
externally and internally) to help control inputs of nutrients into freshwater systems. However, there
is few information about the attributes of P and its environmental influence in the various
watersheds.
Hongze and Tiaoxi watersheds were selected in this work because they have been significantly
affected by anthropogenic activities such as agriculture, domestic and industries. The Hongze and
Tiaoxi watersheds are of ecological importance to the Hongze and Taihu lakes, and a number of
environmental protection initiatives such as domestic wastewater treatment and enforcement of
China's water pollution control law have made a great deal of effort to control pollution loads. It is
then important to assess the overall phosphorous content of the sediment and the concentrations of
different phosphorous fractions as well as their influence factors in different watersheds.
Studying the spatial variations and attributes of P in the sediments in this study area will provide
good information of the river sediments and their influence factors, and to develop a theoretical basis
for the management of the environment. The goal of this research was to (1) study the composition
and spatial variation of phosphorus forms in sediment, (2) Evaluate the relationship between the P
forms and the physicochemical properties and (3) study the environmental significance of P in the
area of research.
2. Materials and Methods
2.1 Study area
Sediments were sampled from Hongze and Tiaoxi watersheds in Eastern China. Tiaoxi
watershed is situated in the northwest of the province of Zhejiang with a latitude of 30 ° 07′~30 ° 41′N
and a longitude of 119 ° 07′~119 ° 08′E. The length of the watershed is 157.4 km and a catchment area
of more than 4570 km2. Tiaoxi watershed (Dongtiaoxi and Xitiaoxi Rivers) is composed of two major
tributaries which converges at Bai Quetang Bridge in Huzhou city and then flow into the Taihu Lake
[15].
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The annual runoff of Tiaoxi River is 14.93 × 109 m3 and is one of the major tributaries of the Taihu
Lake. Hongze watershed includes the Anhe River and Suihe River. They represent large variations
in eutrophy and are anthropogenically influenced to varying degrees [15].

Fig. 1 Map of the sampling sites of different watersheds [15]
2.2 Sampling sites
River sediment samples (Fig. 1) were taken from the sampling sites at the main sites and
tributaries of the watersheds of Hongze and Tiaoxi. Sampling sites were distributed throughout the
study area. Both the natural environment characteristics and spatial distribution of all forms of land
use in the study area were considered. To obtain representative river sediments, samples (0-10 cm)
were collected from upstream and downstream sites in the Tiaoxi and Hongze watersheds where
there were no impacts on industrial waste disposal sites, livestock excrement sites and domestic
waste disposal sites.
Samples were promptly enclosed in plastic bags made from polyethylene. All samples were
placed in an incubator and taken to the laboratory. From Fig.1, sample collection points in the Hongze
watershed were labelled ‘AH1-AH10’ and ‘SH1-SH8’ while that of Tiaoxi watershed (DTX, XTX)
were labelled ‘DTX1- DTX21’ and ‘XTX1-XTX 21’. Samples were freeze-dried, grounded and passed
through a 20-mesh sieve for homogenization and analysis.
2.3 P fractions in sediment
The P content from river sediments mainly originate from inorganic P fractions, hence, the study
uses inorganic P fractions. The varying phosphorus contents was determined using the sequential
extraction scheme according to Psenner et al ([16] and Hupfer et al [17]. The extraction process
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separated Fractions of inorganic phosphorus (IP) in the sediment into freely sorbed P (NH4Cl-P),
redox-sensitive P (BD-P), metal-oxide-bound (NaOH-P) and calcium-bound P (HCl-P).
The distinction between TP and IP is the remnant fraction P (Res-P), consisting of organic P and
refractory P compounds.

Fig 2. Sequential phosphorus fractions scheme
2.4 Data statistics and analysis methods
The data was computed using Microsoft Excel 2010. Origin 9.0 was used to draw the spatial
changes of inorganic phosphorus fractions in sediment from the different watersheds. The correlation
between sedimentary physico-chemical properties and P forms were exmined using Statistical
Package for the Social Sciences (SPSS) 21.0.
3. Results
3.1 Catchment Hongze and Sediment Characteristics
Tables 1 and 2 outlines the reclassified land uses for Hongze watershed (Anhe and Suihe Rivers)
and sediment properties. Among sites of Hongze watershed (Anhe and Suihe river), land-use
intensive locations had a significantly higher impact compared to different sites.
This shows how suitable the land is for agricultural production. Sediment characteristics were seldom
different between classes.
Table 1. Scheme of sampling site classification in the Anhe River
Sampling point

Description

A1

Shore bandwidth, sporadic housing

A2

Narrow shoreline with sporadic housing

A3

Shore bandwidth, sites

A4

Good water quality

A5

Small amount of water peanut
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A6

Fish pond, water peanut, Algae

A7

Ferry, reeds in water

A8

Small amount of water peanuts, raising crabs

A9

Small amount of water peanut

A10

Fishing boat, reed, water peanut

Table 2 Scheme of sampling sites classification in the Suihe River
Sampling sites

Description

S1

Shore bandwidth, wheat

S2

Rich in aquatic plants, River width 100

S3

Sediment dark grey, River submerged plants, few trees along the River

S4

Grassland and woodlands on the other side

S5

lot of water peanuts

S6

Water surface 60-80m wide, water plants on the shore

S7

Large wheat fields around, good water quality

S8

Fishing boat, poultry farming

3.2 Characteristics of sediment properties
The general characteristics and chemical composition of sediment in different watersheds are shown
in the table 3 and Table 4.
3.2.1 Hongze watershed
The Ca, Mn, Fe, and OM content of the Suihe river were higher than that of the Anhe river. In
Hongze watershed, the pH of the Suihe river was higher than Suihe river. At a high pH, the
phosphorus binding capacity of iron and aluminum compound decrease due to exchange reactions.
In comparing the different watershed; for Hongze watershed, the TN contents of Anhe and Suihe
rivers averaged 1114.44 (789.29-1310.21) mg/kg and 1182.34 (923.72-1398.44) mg/kg respectively,
whereas for Tiaoxi watershed, TN contents of Dongtiaoxi and Xitaoixi rivers averaged 1244.24
(1102.68-1658.69) mg/kg and 1438.00 (1133.64-1665.11) mg/kg, respectively.
The findings showed that concentration of TN in the Suihe River was greater than that of the
Anhe River. In the case of TP contents, the Anhe and Suihe rivers (both belonging to the Hongze
watershed) averaged 841.52 (514.71-1078-86) mg/kg and 675.12 (398.18-1093.10) mg/kg, respectively.
In the Tiaoxi watershed, TP contents of Dongtiaoxi and Xitiaoxi rivers averaged 1056.43 (815.701302.60) mg/kg and 1373.76 (1186.03-1530.76) mg/kg, respectively. The comparison results showed
that concentration of TP in the Anhe river was higher than that of Suihe river.
This suggests that the physicochemical properties of the various sediments display different
concentrations due to the difference in watershed characteristics and pollution sources.
3.2.2 Tiaoxi watershed
The chemical characteristics of Dongtiaoxi and Xitiaoxi river sediments are presented in Table 2.
Sediment properties such as Al2O3, SiO2, OP, IP, TP, and TN varied greatly in the two rivers. The
contents of Al2O3, SiO2, OP, IP, TP, and TN in Dongtiaoxi River were 22.26-26.73%, 55.16-75.88%,
116.96-279.77mg/kg, 698.74-1059.86mg/kg, 815.70-1302.60mg/kg and 1102.68-1658.69mg/kg, with an
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averages of 24.18%, 65.85%, 199.56 mg/kg, 856.87mg/kg, 1056.43mg/kg and 1244.24mg/kg,
respectively.
For Xitiaoxi river, the content of Al2O3, SiO2, OP, IP, TP, and TN in the sediments were 20.9027.01%, 65.13-76.92%, 221.45-385.00mg/kg, 888.96-1248.39mg/kg, 1133.64-1665.11mg/kg and 1186.031530.76mg/kg, with averages of 24.09%, 71.10%, 308.16mg/kg, 1065.60mg/kg, 1373.76mg/kg and
1438.00mg/kg, respectively. Thus, Xitiaoxi river is the most contaminated with relatively high IP, OP,
TN, and TP contents.
In the Dongtiaoxi river, the content of CaO, MnO2, and Fe2O3 in the sediments were 1.28-11.99%,
0.07-0.23%, and 5.95-7.60% with averages of 5.09%, 0.17% and 6.89%, respectively. For Xitiaoxi river,
the content of CaO, MnO2, and Fe2O3 in the sediments were 0.66-6.05%, 0.06-0.23%, and 4.92-7.76%
with averages of 1.58%, 0.11% and 6.52%, respectively. These results indicate a higher concentration
in the Dongtiaoxi river sediments compared to that of Xitiaoxi sediments, attributed to discharge
from urban effluent which affects the chemical behaviour of phosphorus in the fluvial system.
There are some significant variations in chemical properties between the rivers Dongtiaoxi and
Xitiaoxi. These differences were expected since the Dongtiaoxi River has greater pollutant inputs than
the Xitiaoxi River Table 4. These findings suggest industrial effluent discharges of some of the major
components of river sediment that influence the chemical activity of phosphorus in the river system.,
thus, the profound variation in the Xitiaoxi river.
Table 3 Phosphorus Sediment properties of Anhe River and Suihe River
Contents

Anhe River

Suihe River

Al (%)

10.11 (7.52-12.07)

10.20 (7.92-14.05)

Ca (%)

5.75 (3.71-6.62)

5.03 (2.80-7.76)

Mn (%)

0.06 (0.01-0.17)

0.05 (0.00-0.09)

Fe (%)

4.18 (2.96-4.57)

3.83 (2.76-4.71)

OM (%)

1.85 (0.97-3.80)

1.68 (1.13-2.31)

TN ( mg/kg)

1114.44 (789.29-1310.21)

1182.34 (923.72-1398.44)

TP (mg/kg)

841.52 ( 514.71-1078-86)

675.12 (398.18-1093.10)

pH ( mg/kg)

8.18 (7.97-8.66)

7.96 (7.66-8.32)

Table 4 Phosphorus Sediment properties of Dongtiaoxi River and Xitiaoxi River
Contents

Dongtiaoxi River

Xitiaoxi River

TOC %

2.25 (1.76-2.82)

2.25 (0.68-3.85)

Al2O3 %

24.18 (22.26-26.73)

24.09 (20.90-27.01)

SiO2 %

65.85 (55.16-75.88)

71.10 (65.13-76.92)

CaO %

5.09 (1.28-11.99)

1.58 (0.66-6.05)

MnO2 %

0.17 (0.07-0.23)

0.11 (0.06-0.23)

Fe2O3 %

6.89 (5.95-7.60)

6.52 (4.92-7.76)

TP (mg/kg)

1056.43 (815.70-1302.60)

1373.76 (1186.03-1530.76)

OP (mg/kg)

199.56 (116.96-279.77)

308.16 221.45-385.00)
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3.3 Comparison of spatial variation of different P forms in river sediments
The sediment phosphorus content was controlled by a many factors, such as sediment type and
the rate of sedimentation. The phosphorus content showed a clear relation to the regional distribution
[18]. The average relative distribution of different P fractions in the sediment of different watersheds
are presented in Fig. 2 and 3. The contents of TP and different P fractions studied varied greatly.
The P fractions considered were inorganic P forms, including NH4Cl-P, BD-P, NaOH-P, and
HCl-P as well as organic P fractions. The spatial distribution of the fractions varied considerably in
different reaches of the different watersheds, with a general increasing trend along the river inflow.
The average contents of NH4Cl-P, BD-P, NaOH-P and HCl-P of Dongtiaoxi river are 4.93 mg/kg,
128.55 mg/kg, 309.52 mg/kg, and 295.96 mg/kg, respectively, while Xitiaoxi river recorded 3.40 mg/kg,
271.72 mg/kg, 384.10 mg/kg, and 213.09 mg/kg, respectively.
The various P fractions in sediments are significantly influenced by land use changes and the
geological layout of the watercourse [19]. The average content of phosphorus forms of Dongtiaoxi
river was in the following sequence: NaOH-P> HCl-P>BD-P> NH4Cl-P; whereas that of Xitiaoxi river
is in the order: NaOH-P> BD-P> HCl-P >NH4Cl-P. For the Hongze watershed, the average content of
NH4Cl-P, BD-P, NaOH-P and HCl-P in the Anhe River are 5.65 mg/kg, 81.53 mg/kg, 131.50 mg/kg,
and 278.47 mg/kg, respectively. The sequence of P fractions was NH4Cl-P>BD-P> NaOH-P> HCl-P.
The average of Suihe river are 7.82 mg/kg, 104.86 mg/kg, 95.07 mg/kg, and 251.32 mg/kg respectively.
The main rank order of Anhe river P fractions was HCl-P>NaOH-P>BD-P >NH4Cl-P, whereas
Suihe river follows HCl-P>BD-P>NaOH-P>NH4Cl-P. These variations are due to various variables,
such as particle size composition, redox potential, acidity, as well as environmental conditions
associated with soil and sediment [20-23]. Sediment phosphorous content was high because of its
high binding potential with sediment and minerals such as calcium, aluminum and iron [24].
NH4Cl-P refers to loosely sorbed P in sediments. This fraction can contain dissolved P in pore
water [25]. NH4Cl-P is a seasonal variable phosphorous compound pool dissolved in interstitial water
[20]. In Hongze watershed, the Anhe river concentrations of NH4Cl-P in the sediments ranged from
2.55 mg/kg~9.77 mg/kg with an average of 5.65 mg/kg whereas Suihe concentrations were 2.37
mg/kg~14.78 mg/kg with an average 7.82 mg/kg for all sediment samples.
The highest concentration of NH4Cl-P in the sediment of the Suihe River is the maximum
concentration of sedimentary inorganic P. This fraction of P makes up for 1.56% of the sedimentary
inorganic P in the Hongze watershed. BD-P is a the redox-sensitive P fraction, consisting mainly of
Mn compounds and P bound to Fe hydroxides [26].
The BD-P reagent reduces the oxidized species of iron and manganese and thereby releasing the
phosphorous adsorbed oxide of the two metals. Iron – bound P determined by BD extraction has been
Shown to provide the best estimate of internal P loading. BD-P represents the redox – sensitive P
forms that are considered a potential mobile pool of P and are algal available [20].
NaOH-P is exchangeable including P bound to metal oxides, mainly of Al and Fe [25]. NaOH
extractable phosphorus may be discharged at the sediment-water interface for growth of
phytoplankton under anaerobic environment [27]. Active Fe and Al were considered to be the key
adsorbents of P in sediments [28]. BD-P and NaOH-P are principally bound to Fe and Al, notably in
their amorphous and active forms.
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HCl-P is a low pH sensitive P fraction and is presumed to consist entirely of apatite P, including
P bound to carbonates and traces of organic hydrolysable P [25]. Calcium bound P is a reasonably
stable sedimentary fraction of P and leads to a lasting burial P in sediments [25]. This P fraction was
considered to be a relatively stable IP fraction in sediment [25,29].
3.4 Bioavailable phosphorus (BAP) in the sediments
Bioavailable phosphorus can be converted to be usable by physical, chemical and biological cycles.
This also depends on the chemical environment: environmental factors such as pH, redox potential
are influences mobilization; etc. Bioavailable phosphorus is calculated as the sum of available P and
P, which can be transformed by natural phenomena into free form.
The BAP was estimated as the summation of NH4Cl-P, BD-P and NaOH-P and is described to as
inorganic P non-apatite [30]. Of these, the available P fraction of NaOH-P has the highest algal. Past
studies reported that the bioavailable fraction of phosphorus typically consists of the P fractions
adsorbed and combined with metal. Nevertheless, micro-organisms may have access to a portion of
the organic phosphorus or calcium-related fraction [31].
In the current study, the scheme proposed is BAP= NH4Cl-P+ NaOH-P+ BD-P. The potential
bioavailable phosphorus can contribute significantly to local primary production when this fraction
enters the water column. This may be due to resuspension or bioturbation.

Fig. 2 The concentration of different P fractions in different sediments of Hongze and Tiaoxi
watersheds
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Fig.3 The relative contribution of different P fractions to IP in different sediments of Hongze and
Tiaoxi watersheds
3.5 Relationship between P fraction and sediment composition of different watersheds
The connection between the different P forms in the sediments and their physicochemical
properties was evaluated to understand the sediment’s effect and composition on the distribution of
P forms in the sediment. (Table 6). The correlation result reveals that IP and TP have a stronger
correlation with NaOH-P and HCl-P in sediments, while the TOC and MnO2 in Dongtiaoxi River had
a significant negative connection to NH4Cl-P and BD-P.
TN had a significant positive correlative with NH4Cl-P, BD-P, NaOH-P, and HCl-P. Also, the
correlation between the different fractions of P in the sediment and the physico-chemical
characteristics of the sediments are presented in Table 6. There was no significant relationship
between Al2O3, SiO2, CaO, Fe2O3, and OP. Meanwhile, in the Xitiaoxi River, BD-P negatively
correlated with CaO and TN. HCl-P contents were significantly positively correlated with CaO. A
higher TOC concentration in the sediment coupled with a smaller particle size contributes to a
stronger capacity of P adsorption [9].
Table 5 demonstrates the relationships between phosphorus fractions and sediment
characteristics in Hongze watershed. Al in the Anhe River positively correlated with NH4Cl-P, BD-P
and HCl-P. Ca positively correlated with BD-P, and Fe significantly positively correlated with NaOHP. HCl-P significantly positively correlated with Al, Ca and pH. In the Suihe River, Al, Fe, OM, and
TP were highly and positively connected with NH4Cl-P, BD-P and NaOH-P.
Ca and pH were significantly positively correlated with HCl-P. This demonstrates that BD-P and
NH4Cl-P may be released easily from the sediment in Suihe River, and they were the principal
fractions of the released phosphorus sources in the river sediments.
Table 5 Pearson correlation of sediment properties and phosphorus forms of Hongze watershed
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Anhe River

Suihe River

Contents

NH4Cl-P

BD-P

NaOH-P

HCl-P

NH4Cl-P

BD-P

NaOH-P

HCl-P

Al

0.633*

0.854**

0.151

0.649*

0.813*

0.976**

0.708*

0.332

Ca

0.484

0.662*

0.041

0.787**

0.267

0.226

0.086

0.924**

Mn

0.137

0.202

-0.213

-0.303

-0.403

-0.496

-0.318

0.679

Fe

0.582

0.421

0.939**

-0.153

0.794*

0.770*

0.976**

0.261

OM

0.200

0.085

0.412

0.191

0.931**

0.907**

0.817*

0.285

TN

0.395

0.469

0.555

0.496

0.408

0.141

0.351

0.506

TP

0.506

0.470

0.523

0.401

0.932**

0.867**

0.907**

0.321

pH

0.211

0.469

-0.366

0.878**

0.133

-0.063

0.004

0.935**

Table 6 Pearson correlation of sediment properties and phosphorus forms of Tiaoxi watershed
Dongtiaoxi River

Xitiaoxi River

Contents

NH4Cl-P

BD-P

NaOH-P

HCl-P

NH4Cl-P

BD-P

NaOH-P

HCl-P

TOC

-0.808**

-0.770**

-0.087

-0.405

0.168

-0.198

-0.031

0.279

Al2O3

-0.342

-0.327

0.003

-0.095

-0.015

0.267

0.072

-0.140

SiO2

-0.033

-0.116

0.281

0.237

-0.038

0.098

-0.029

-0.290

CaO

0.077

0.225

-0.202

-0.184

-0.037

-0.449*

0.251

0.680**

MnO2

-0.539*

-0.461*

-0.240

-0.373

0.062

0.004

-0.085

0.080

Fe2O3

-0.330

-0.257

-0.017

-0.075

0.409

-0.153

-0.157

0.152

IP

0.505*

0.346

0.785**

0.667**

0.372

-0.232

0.181

0.154

OP

-0.369

-0.397

0.327

0.019

-0.235

0.059

-0.047

0.004

TP

0.245

0.113

0.726**

0.524*

0.327

-0.257

0.200

0.197

TN

0.719**

0.754**

0.843**

0.862**

0.399

-0.502*

-0.073

0.421

P< 0.05*, p< 0.01** * Correlation is significant at 0.05 ** Correlation is significant at 0.01
4. Discussion
4.1 Environmental significance
These results have impacted the environment of the different watersheds that flow into the lake.
If environmental managers determine that P is a problem in the receiving watershed, they can
manage the release of P. [32] found that the significance of the source is supported by the spatial
pattern and speciation of P (total P and inorganic P) in the upstream and downstream testing sites of
the major fishing region. As environmental conditions change, phosphorus can be expelled from the
soil into the surrounding water. The most essential variables can be estimated from domestic
activities in urban and rural areas, agricultural production, and fertilizer use, contributing P to the
river through soil loss and atmospheric deposition. This depends on the region, soil type and
retention ability, as well as on the environment [32].
Therefore, it is crucial to comprehend the concentration of mobile phosphorus forms that could
provide useful insights into understanding Lake Eutrophication. These findings indicate that the
distribution of phosphorus in sediments may be enormous and may be a dominant factor in the
quality of water when external phosphorus loading is reduced.
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The upsurge in overflows of nutrients from land to environment are the waste material-products
of human activity sectors like agriculture and industrialization. Due to this, changes in land use are
important factors that could alter the nutrient concentration in watersheds [33]. Phosphorus
concentration shows different responses to anthropogenic sources from different pathways and
sources [34,35].
Approximately 80% of the direct discharge of domestic waste into the lake is due to external
loading from the catchment area, which is dominated by farmlands and the intensive internal loading
from the bottom sediment [36]. Besides, the effect of watershed area and river depth, as well as the
time differential in transport of contaminants in the watercourse, are the key reasons for variations
in sedimentary flux [37].
The existence of humans in the river basin normally leads to an increase in nutrient transport,
worsening the cycle of deterioration of the lake [38]. As a consequence of agriculture and industry
growth in Eastern China, freshwater concentrations of P have intensified due to excessive use of
fertilizer and too much wastewater discharge [3].
4.2 Implication for watershed management
These results have implication for the management of the different watersheds flowing into the
lake. Landscape patterns have been characterized by certain geographical factors, such as topography
, climate, geology and land use or types of land cover [39,40]. Rivers are especially susceptible because
of their nearness to cities and towns and sensitivite to land-use changes [41,42].
Watersheds appeal to many environmental managers as they have well-defined boundaries that
allow for the determination of relative water and solute budgets. Many of the watersheds are altered
by humans, atmospheric deposition, forestry and floodplain management, eutrophication and other
types of biogeochemical hydrological changes in freshwater [43]. These transformations can either
reduce or increase their performance under increasing environmental conditions.
Differences in water and sediment in watershed lakes may lead to the development of
substantially different lake ecosystems. The watershed variables were found to be the consolidated
factors in the upstream landscape of the sampling stations and the geomorphological conditions of
the sampling sites, as well as the mean slope and distance from the river channel [44,45]. The
challenge is to be able to focus on much research for a broader understanding of the watershed which
is useful to environmental managers [45].
Zhang et al [46] proved the behaviour of anthropogenic P in a watershed given a significant
human activity, and landscape topography. Inputs of P and exports across the river basin are
influenced along such gradient. Nutrient concentration in rivers is of vital importance to the
ecosystems of the river itself. The transfer of nutrients by river is indeed also important for any other
receiving media [33].
Rising human induced operation coupled with current land use will enhance pollutant loads,
such as nutrients and microbes, into water sources which can threaten human health [47], whereas
rainfall events [48]. This may further increase the loading of contaminants due to the emergence of
runoff from both agricultural and residential areas as a result of livelihood activities, including the
use of compost as fertilizer and animal grazing at river banks [49]. If environmental managers
determine that P is a problem in the receiving watershed, they can manage to maintain greater aerobic
conditions, thereby reducing the release of P.
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Additionally, a significant release of P from different watersheds under aerobic conditions has
implications for water quality. Freshwater discharges have been impacted by water withdrawals for
urbanization, irrigation and aquaculture, reducing the dilution potential of the estuary and increasing
the harmful impact of nitrogen emissions from anthropogenic sources [50].
5. Conclusions
This study showed the characteristics of P fractions in river sediments and its influence factors
in Hongze and Tiaoxi watersheds. The spatial distribution characteristics of the TP and phosphorus
fractions in the sediments differed significantly in the Tiaoxi watershed. TP contents ranged from
815.70 mg/kg ~1302.60 mg/kg (DTX) and from 1186.03 mg/kg ~ 1530.76 mg/kg (XTX) with the mean
value of 1056.43 mg/kg and 1373.76 mg/kg in Tiaoxi watershed. The average of Tiaoxi’s P fractions
was greater than in the Hongze watershed.
NH4Cl-P and BD-P can be easily released from sediments and can contribute mainly to the
release of phosphorus in the sediment of the Hongze watershed. The phosphorus fraction of CaO,
MnO2, and Fe2O3 in Dongtiaoxi River was higher than in Xitiaoxi River, whereas SiO2, TP, OP, IP, TN
in Xitiaoxi River were mainly P pollution. Influence factor P in sediments was controlled by chemical
action. The potential of P adsorption was higher and the sediment had a high adsorption rate for
NaOH-P and HCl-P in different watersheds.
As a source, the sediments would desorb P into the river sediment and into the overflowing
water. The dominant fractions of extractable phosphorus forms that increase loading to the river, as
well as improving ecological diversity. Thus, it is need to further improve to manage watersheds
such as the Xitiaoxi River, if the watershed as a whole is to be successfully controlled.
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