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Introduction

lake eutrophication has become one of the critical 
water pollution problems throughout China [1, 2]. it is 
widely recognized that phosphorus plays an important role 
in the lake productivity [3]. the main sources of phospho-
rus in lakes are external point and non-point sources such 
as runoff, industrial and municipal effluents. Moreover, 
results of previous relative studies show that phosphorus 

released from lake sediments is also an important internal 
source for overlying water of lakes [3-5].

Sediments act as a sink where phosphorus can be 
stored, and also as a source of phosphorus for the overlying 
water and biota [6.7]. however, the amount of phospho-
rus released from sediments to overlying water depends 
more on its contents of available fractions than on its total 
contents in sediments. thus, more efficient information 
for predicting potential ecological danger of phosphorus 
could be provided by investigation of available fraction 
of phosphorus than by that of total phosphorus contents in 
lake sediments [1, 8]. For this purpose, phosphorus frac-*e-mail: lixiaochen02@163.com
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Abstract

Sediment cores were sampled from three typical shallow urban lakes in China. the Standards, Mea-
surements and testing (SMt) programme, proposed by the european Commission, was employed to char-
acterize the vertical distributions of phosphorus fractions in sediment profiles. The results showed that 
tP contents ranged from 1,198.9 to 1,897.3, 1,289.1 to 1,652.1, and 611.7 to 760.3 mg kg-1 in sediment 
profiles of Daming lake, Mochou lake, and Xuanwu lake, respectively. within the 50-cm sediment pro-
files, phosphorus distributed mainly in iP, and the oP contents only accounted for 9.7%--16.3% of tP. For 
iP in sediments, the AP was the predominant fraction for Daming lake and Mochou lake, accounting for 
92.8%, and 71.4%, respectively. while for Xuanwu lake the proportion of NAiP to iP was higher than that 
of AP (41.7%±6.0%), indicating that the Xuanwu lake was polluted more heavily than the other two lakes. 
The phosphorus concentration in pore-water (TDP) correlated significantly to the P fractions in sediments, 
especially to the oP and NAiP contents, which could be predicted by: tDP (mg l-1) = 0.005 oP (mg kg-1) – 
0.001 NAiP (mg kg-1) + 0.138 (r2 = 0.836, P<0.01). the physicochemical properties of sediments presented 
significant correlation to the contents of P fractions, highlighting the importance of the physicochemical 
properties of sediments for the phosphorus fraction distributions in lake sediments.
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tions have been widely investigated to evaluate the long-
term behavior of sediment-bound phosphorus in promot-
ing lake eutrophication [6, 9, 10].

there are many shallow urban lakes scattered in most 
cities of China, which are usually served as landscaping 
and recreational sites. Previous studies on the phosphorus 
in lakes sediments were mostly focused on those larger 
natural lakes. whereas little information can be found 
about the phosphorus fractions in sediments of these shal-
low urban lakes. these shallow lakes might play a more 
important and close role in the human health of local in-
habitants than the other big natural lakes. therefore, sedi-
ments were collected from three typical shallow urban 
lakes in China. the vertical distributions of phosphorus 
fractions in these lake sediments were investigated by 
employing the sequential extraction scheme proposed by 
the european Commission (now the Standards, Measure-
ments and Testing Programme, SMT) to provide some 
useful information about the potential mobile and cycling 
trends of phosphorus in these lakes.

Materials and Methods

Site Description

the studied lakes, Xuanwu lake and Mochou lake, 
are located in Nanjing city of Jiangsu Province in China, 
and Daming lake is located in Ji’nan city of Shandong 
Provice in China, which are all typical shallow urban 
lakes. in this study, three sampling sites in each lake were 
chosen respectively. The main characteristics of the stud-
ied lakes were shown in table 1.

Sediment Sampling and Pre-Treatment

undisturbed sediment cores were collected in June 
2006 by using a Beeker sampling device with a 100 cm 
length and 5 cm diameter cylinder tube. three sampling 

sites were selected for each studied lake, and sampling 
points were shown in Fig.1. three individual sediment 
cores were taken from the bottom surface down to 50 cm 
of depth within the diameter of 3m around each sampling 
points. After sampling, sediment cores were cut imme-
diately into the following sections: 0~5, 5~10, 10~15, 
15~20, 20~30, 30~40, and 40~50 cm. After measuring the 
redox potential and ph values, triplicated depth sections 
of each individual sediment cores taken from the same 
sampling point were combined into composite samples. 
these sediment samples were taken to the laboratory in 
air-sealed plastic bags and kept at 4°C. A portion of each 
wet sediment sample was centrifuged at 6000 rpm for 
gaining the pore-water sample, and the rest of the sedi-
ment sample was freeze-dried, homogenized and ground, 
and sieved to 0.25 mm, and finally stored at 4°C in plastic 
bags for later analyses.

Analytical Methods

water content and loss on ignition (loi) content mea-
surements were based on weight losses after drying and 
combustion of the sediments at 105, 450°C for 3 hours, 
respectively. the ph of sediment samples was measured 
on sediment extract at a sediment/de-ionized water ratio of 
1:10 (w/v) using a digital ph meter. total nitrogen (tN) and 
cation exchange capacity (CeC) were determined by the 
methods described by lu [11]. the physicochemical prop-
erties of sediment samples were summarized in table 2.

the SMt protocol, proposed by the Community 
Bureau of reference, was employed to extract different 
phosphorus fractions[12]. the SMt protocol leads to ob-
taining five phosphorus fractions: non-apatite inorganic 
phosphorus (NAiP), bound to Al, Fe and Mn oxyhy-
drates; apatite phosphorus (AP), bound to Ca; inorganic 
phosphorus (iP); organic phosphorus (oP) and total phos-
phorus (tP). And detailed experimental procedures and 
conditions were described as follows.

Total phosphorus (TP): 0.2000g dried sediment was put 
into a porcelain crucible and calcined in a furnace at 450°C Fig. 1. Map of the studied area with sampling sites.

table 1. Main characteristics of the studied lakes.

Parameters Xuanwu 
lake

Daming 
lake

Mochou 
lake

Surface area (km2) 3.68 0.46 0.33

Mean depth (m) 1.65 2.75 1.45

TDN (mg l-1) 0.22~0.77 4.11~4.21 1.52~1.94

Do (mg l-1) 3.89~6.48 5.36~7.38 3.73~3.84

ph 8.79~9.54 7.69~8.03 8.83~9.06

Eh (mV) 114~132 141~155 70~98

Conductivity (μS cm-1) 198~261 546~559 412~418
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for 3 h, then transfered the calcined sediment into a 50-ml 
plastic centrifuge tube, and mixed with 20 ml 3.5 mol l-1 
hCl. these tubes were shaken for 16h at room temperature 
and then centrifuged for 15 min (4000 rpm). the concen-
tration of phosphorus was determined in the extract.

Inorganic phosphorus (IP): to extract iP, 20 ml 1.0 
mol l-1 hCl was added to a 50-ml centrifuge tube to mix 
0.2000 g sediment, the mixture was shaken for 16 h at 
room temperature. the extraction process and measure-
ment were the same as in the step above. The residual was 
washed twice with 12ml 0.1 mol l-1 NaCl after the residual 
liquid was removed, and then dried in a oven.

organic phosphorus (oP): the residue from the ex-
traction of iP was calcined in a furnace for 3 h at 450°C. 
the calcined sediment was extracted (shaken for 16 h at 
room temperature) again with 20 ml 0.1 mol l-1 hCl to 
obtain oP. the same extraction process and measurement 
were conducted as mentioned above for TP.

Non-apatite inorganic phosphorus (NAIP): 20 ml 1.0 
mol l-1 Naoh was added into a 50-ml plastic centrifuge 
tube contained 0.2000g dried sediment to extract NAiP. 
After shaking 16 h at room temperature and centrifuging 
10 min at 4000 rpm, 10 ml clear supernatant was mixed 
with 4 ml 3.5 mol l-1 hCl, let the mixture stand for 16 h 
at room temperature, then measured the content of P by 
using the molybdenum blue method. The sediment was 
washed twice with 12ml 0.1 mol l-1 NaCl after the residual 
liquid was removed, and then dried in an oven.

Apatite phosphorus (AP): 20 ml 1.0 mol l-1 hCl was 
added to the residue from extraction for NAiP, and the 
tubes were shaken 16 h at room temperature and then 
centrifuged for 10 min (4000 rpm). the clear supertatant 
was used for determination of P by the molybdenum blue 
method.

Phosphate in pore-water and in extract of each fraction 
was determined by UV-Vis spectrophotometry, using the 
molybdenum blue method [13].

Results are average values of triplicate determina-
tions. All the reagents used were of analytical-reagent 
grade. All solutions were prepared using de-ionized wa-
ter (>18MΩ), and all glassware and plastic-ware were 
cleaned and rinsed three times with de-ionized water after 
being soaked in 0.3% hCl overnight. A quality control 
procedure was applied throughout the different steps of 
sample preparation and analysis. The data was treated us-
ing excel 2000 and SPSS 11.0 for windows.

Results and Discussion

general Physicochemical Properties of Sediments

The general physicochemical properties of sedi-
ments collected from three typical shallow urban lakes 
of China were presented in table 2. water contents (y,%) 
of sediments decreased significantly with the depth of 
sediment(x, cm), which could be calculated by: y = 
-0.4026 x + 65.627, (r2=0.92, p<0.01), y = -0.4243 x + 

71.566 (r2=0.88, p<0.01), and y = -0.4387 x + 65.919 
(R2=0.87, p<0.05) for sediment profiles of Xuanwu lake, 
Daming lake, and Mochou lake, respectively. the con-
tents of total nitrogen (tN) exhibited similar vertical vari-
ation trends as that of water contents of sediments. The 
mathematic description for sediments of Xuanwu lake, 
Daming lake, and Mochou lake could be described as: 
y = -371.7 x + 79.313 (r2=0. 89, p<0.05), y = -412.83 x 
+ 107.24 (r2=0. 84, p<0.05), and y = -443.26 x + 101.37 
(R2=0.82, p<0.05), respectively, where y and x repre-
sented tN contents (mg kg-1) and the depth of sediments 
(cm), respectively. Similar vertical variation trends could 
be found for the organic matter, expressed as loss on ig-
nition (loi), of sediments from all lakes, exhibiting de-
creasing trends with depth (Seeing Fig 2(a)). For the ph 
of sediments, no similar vertical variation trends could be 
identified for all lakes studied in present work (Seeing Fig 
2(b)). the ph values increased slightly with the depth of 
the sediment cores for Daming lake and Mochou lake, 
while decreased significantly with the depth of the sedi-
ment core for Xuanwu lake. it was evident from data of 
table 2 that no obvious variation trends could be identi-
fied for the electric conductivities (eC) and CeC in sedi-
ments of these studied lakes.

Dissolved Phosphorus Concentrations in  
Pore-water of Sediment Profiles

Pore-water of sediment plays an important role in 
the geochemical cycle of elements in lake system, which 
could be regarded as the via media of phosphorus ex-
change between the overlying water and the sediments. 
The vertical distribution of phosphorus in pore-water 
mainly influenced by the decomposition of organic mat-
ters, concentrations of iron oxide, ph value, redox condi-
tion, microbial activities, and so on[14.15]. the vertical 
variation of phosphorus concentrations in pore-water of 
sediments collected from three typical urban lakes in Chi-
na are shown in Fig. 3.

There were no homothetic vertical variation trends 
for the phosphorus concentrations in pore water of sedi-
ments of these three studied lakes. the phosphorus con-
centrations in pore-water of Daming lake were much 
higher than those of the other two lakes. No significant 
difference of P concentrations in pore-water could be 
identified between Xuanwu lake and Mochou lake 
(p>0.05). For Xuanwu lake and Mochou lake, there 
were no significant changes for phosphorus concentra-
tions in pore-water within the 50-cm profile (p>0.05). 
however, significant vertical changes could be identi-
fied for that of Daming lake (p<0.05), showing that 
the phosphorus concentration diminished with depth. 
The highest concentrations of P were found in the up-
per 5-cm layer of the sediment profile for Daming lake 
(2.01 mg l-1) and Mochou lake (0.28 mg l-1), and the 
lowest concentrations were both in the 30-40cm layer. 
For Xuanwu lake, the highest and lowest phosphorus 
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concentrations were found in the 30-40cm, and 0-5cm 
layer of the sediment profile, respectively. this dif-
ference might be caused by the fact that the vertical 
distribution of phosphorus in pore-water was strongly 
influenced by the decomposition of organic matter, re-
duction of iron oxides and microbial activity in sedi-
ments [14.15].

Vertical variation of total phosphorus in sediment 
profiles

total phosphorus (tP) contents in sediment profiles 
of the studied lakes were shown in Fig.4. there was no 
significant difference of tP contents in sediment profiles 
between Daming lake and Mochou lake (p>0.05), rang-

table 2. Physicochemical properties of sediments of three typical shallow lakes of China*.

lakes
Depth water Content ph loi TN CeC eC

(cm) (%) (1:10, w/v) (%) (%) mmol l-1 (µs cm-1)

Xuanwu
lake

0~5 65.9 ± 4.1 7.13 ± 0.35 11.0 ± 2.6 0.21 ± 0.01 54.6 ± 18.4 654.3 ± 235.8

5~10 59.9 ± 5.4 6.46 ± 0.73 10.5 ± 1.7 0.16 ± 0.01 40.3 ± 12.6 343.4 ± 133.7

10~15 59.3 ± 4.7 6.27 ± 0.62 9.5 ± 2.0 0.18 ± 0.09 36.7 ± 3.4 368.1 ± 152.3

15~20 57.3 ± 5.6 6.21 ± 0.53 9.4 ± 3.1 0.15 ± 0.09 36.8 ± 4.9 412.0 ± 123.9

20~30 52.1 ± 13.0 5.75 ± 0.56 8.7 ± 3.8 0.13 ± 0.04 31.7 ± 7.9 595.0 ± 428.3

30~40 51.0 ± 15.6 5.82 ± 0.58 8.1 ± 3.6 0.13 ± 0.01 32.2 ± 7.1 336.8 ± 162.2

40~50 53.5 ± 11.2 5.83 ± 0.69 8.0 ± 3.3 0.08 ± 0.07 32.9 ± 2.9 292.3 ± 139.8

Daming
lake

0~5 70.9 ± 2.1 7.48 ± 0.15 10.7 ± 0.3 0.26 ± 0.02 129.7 ± 31.0 709.5 ± 173.3

6~10 64.4 ± 2.1 7.69 ± 0.08 9.9 ± 0.7 0.21 ± 0.05 109.8 ± 8.2 516.7 ± 62.5

10~15 66.1 ± 2.4 7.76 ± 0.06 9.7 ± 0.4 0.23 ± 0.01 111.5 ± 8.4 482.3 ± 58.8

15~20 62.5 ± 1.9 7.81 ± 0.04 10.2 ± 1.2 0.21 ± 0.01 118.5 ± 3.5 562.7 ± 73.1

20~30 61.4 ± 6.2 7.76 ± 0.09 9.9 ± 1.2 0.18 ± 0.03 113.6 ± 5.7 572.0 ± 77.8

30~40 53.2 ± 8.9 7.94 ± 0.10 7.8 ± 2.0 0.16 ± 0.02 115.0 ± 5.6 398.0 ± 121.1

40~50 55.2 ± 8.5 7.89 ± 0.18 8.3 ± 2.3 0.16 ± 0.04 110.3 ± 6.2 558.7 ± 213.4

Mochou
lake

0~5 63.6 ± 2.6 7.39 ± 0.19 9.3 ± 1.1 0.23 ± 0.03 60.2 ± 0.2 784.8 ± 113.5

5~10 60.5 ± 0.9 7.68 ± 0.13 9.1 ± 0.0 0.19 ± 0.02 59.7 ± 2.0 484.5 ± 2.1

10~15 57.6 ± 0.1 7.56 ± 0.08 7.9 ± 0.1 0.18 ± 0.04 59.4 ± 1.2 667.5 ± 256.7

15~20 59.5 ± 0.1 7.81 ± 0.08 8.0 ± 0.3 0.17 ± 0.01 59.2 ± 0.9 324.0 ± 75.0

20~30 55.7 ± 1.8 7.83 ± 0.05 8.1 ± 0.2 0.18 ± 0.05 56.1 ± 3.0 267.5 ± 7.8

30~40 45.9 ± 4.5 7.90 ± 0.10 5.1 ± 1.5 0.14 ± 0.02 56.4 ± 3.5 321.0 ± 56.6

40~50 49.2 ± 7.9 7.95 ± 0.07 5.6 ± 2.6 0.13 ± 0.02 57.6 ± 5.5 372.0 ± 166.9

* Values were represented by the “Average ± Standard Deviation” of three sampling sites for each lake.

Fig. 2. Vertical variation of loi and ph of sediment profiles.
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ing from 1198.9 to 1897.3 mg kg-1, and 1289.1 to 1652.1, 
respectively. however, the tP contents in sediments of 
Xuanwu lake were much lower than those of the other 
two lakes (p<0.05), ranging from 611.7 to 760.3 mg kg-1. 
The major differences of TP concentration among the 
three shallow urban lakes mainly resulted from different 
geographical locations, anthropogenic P sources, sedi-
ment types, and so on [6, 16]. Additionally, the lower tP 
contents in the sediment of Xuanwu lake might be caused 
by dredging activity conducted five years ago.

No significant difference could be found for the tP 
contents within the 50-cm sediment profile of Xuanwu 
lake (p>0.05). For Mochou lake, the tP contents in-
creased with the depth in the upper 20 cm of the profiles, 
reaching the highest value at the depth of 15 cm, and then 
diminished slightly in the deeper 30 cm of the profiles 
with the lowest value at the depth of 50-cm. And for the 
Daming lake, no significant difference of the tP contents 
could be found in the upper 20 cm (p>0.05), and then di-
minished gradually with the depth in the next 30 cm of 
the profile (p<0.05), reaching the lowest value at a depth 
of 40 cm.

The vertical variation of the TP contents in sediment 
profiles reflected the variations of phosphorus inputs and 

the pollutant status of these lakes at various periods in 
recent years [17, 18]. For all three studied urban lakes, the 
tP contents increased with the depth in the upper 10-cm 
of sediment cores, suggesting that the pollution status of 
these lakes turned more and more serious with the devel-
opment of industry and economy of these cities.

Vertical Distribution of Phosphorus Fractions in the 
Sediment Profiles

The vertical distribution of phosphorus in sediment 
profiles is recognized as the net result of the history of 
phosphorus sedimentation as well as many transforma-
tion processes [17]. According to the program of SMt, 
total phosphorus (TP) could be represented by the sum 
of organic phosphorus (oP) and inorganic phosphorus 
(IP), and the IP could be divided into non-apatite inor-
ganic phosphorus (NAIP) and apatite phosphorus (AP). 
These relations could be described by the following for-
mula: tP = oP + iP, and iP = NAiP + AP. the recovery 
rate was 97.2%-103.2% for tP, and 95.5%--104.7% for 
iP in most cases in present work, and this recovery rate 
was reasonable [12]. the vertical distribution of extract-
ed phosphorus fractions in sediment profiles was shown 
in Fig.5.

inorganic phosphorus (iP) is sensitive to redox and ph 
variations of the system [19]. within the 50-cm profiles, 
IP was the predominant fraction of the TP in all sediment 
cores, with the proportion of 90.3%±1.9%, 83.7%±2.9%, 
and 84.6±3.6% of tP for Mochou lake, Daming lake, 
and Xuanwu lake, respectively. Significant differences 
could be found among the composition of the IP in sedi-
ments. Most of the iP in sediments of Daming lake was 
presented in AP (92.8%±7.2), and for Mochou lake, the 
ratio of AP was much lower than that of Daming lake 
(71.4%±4.3%). while for Xuanwu lake, the AP account-
ed for 41.7%±6.0% in iP, which was a little lower than 
that of NAIP. It is reported that the sum of Al-P and Fe-P 
contents in lake sediments was one of the pollution pa-
rameters, and the NAIP contents in the sediments partly 
related to the pollution degree [20.21]. higher proportion 
of NAiP to iP in sediment profiles of Xuanwu lake indi-
cated that the Xuanwu lake catchment was polluted more 
heavily than the other two lakes.

The NAIP contents were a little higher in the upper 
5-cm profiles than the rest of the sediment profile, and 
no significant difference could be found throughout the 
remaining sediment profiles for Daming lake and Mo-
chou lake (p>0.05). this reflected on the rapid develop-
ment of urbanization and industrialization of these cities 
accelerated the pollution status of these lakes in recent 
years [21, 23]. while for Xuanwu lake, the NAiP con-
tents in the 40-50 cm layer of the sediment profile was 
much higher than the upper 40-cm profile (p<0.05). the 
AP was relatively stable under alkaline conditions. the 
contents of AP exhibited similar vertical changes as that 
of iP in the sediments of Daming lake and Mochou lake, 

Fig. 3. Phosphorus concentration in pore-water of sediment pro-
files.

Fig.4. total phosphorus contents in sediment profiles.
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increasing in the upper and then decreasing in the rest 
with the depth of the sediments. however, no significant 
difference could be found for the contents of AP, as well 
as for iP, in sediments of Xuanwu lake (p>0.05). the oP 
contents accounted for 9.7%-16.3% of tP in sediments 
of the three studied lakes. Similar vertical distribution of 
oP was found for Daming lake and Mochou lake, with 
a little higher content in the upper 5-cm profiles than the 
rest, which might be caused by the mineralization of or-
ganic matters in sediment with the depth [19, 23]. oP is an 
important phosphorus fraction buried in the sediment due 
to this fraction contributes to the pool of inorganic phos-
phorus, and might be released to the overlying water, and 
thus directly affects the availability levels of dissolved 
phosphorus for primary production [24].

the percentage of phosphorus fraction in tP in lake 
sediment could be used to identify the main sources of 

pollutants of lakes[25]. higher portion of NAiP in lake 
sediments indicates that the main factors contributing to 
the pollution status of this lake were caused by industrial 
and the domestic sources. the higher portion of oP in 
lake sediments suggests the importance of agricultural 
non-point sources to the pollution status of this lake. And 
the higher portion of AP indicates that external pollutant 
sources had been successfully diminished and the envi-
ronmental status of the lake had been improved. there-
fore, the highest portion of NAiP and oP in Xuanwu 
lake sediments reflected its most serious pollution status 
among these three studied lakes. And the decreasing order 
for the pollution status of three lakes was: 

Xuanwu lake > Mochou lake > Daming lake.

Relationship among the Phosphorus Fractions in 
Sediments, Phosphorus in Pore-Water, and the 

Physicochemical Properties of Sediments

The relations among phosphorus fractions, phospho-
rus concentrations in pore-water, and the physicochemical 
properties of sediments were investigated using statistic 
correlation analysis. And the obtained correlation coeffi-
cients were shown in table 3. the tP contents were well 
correlated to the contents of NAiP, AP, and oP, which 
could be calculated by:

TP (mg kg-1) = 1.015 AP (mg kg-1) +  
+ 1.215 NAIP (mg kg-1) + 0.629 OP (mg kg-1)

 R2 = 0.996, P = 0.001, n = 63 (1)

the pore-water played an important role in the ex-
change and cycle of matters between the overlying water 
column and the sediments. The concentrations of phos-
phorus in pore-water significantly correlated positively to 
the contents of AP, iP, oP, and tP, with the correlation 
coefficient (r2) of 0.74, 0.56, 0.89, and 0.62, respectively, 
and significantly correlated negatively to the contents of 
NAIP (r2 = -0.83, p<0.01). Stepwise regression results in-
dicated that the phosphorus concentration in pore-water 
(TDP) could be well predicted by the contents of NAIP 
and oP:

TDP (mg l-1) = 0.005 OP (mg kg-1) –  
– 0.001 NAIP (mg kg-1) + 0.138

 R2 = 0.836, P = 0.001, n = 63 (2)

it was evident from the data in table 3 that the CeC 
(Cation exchange Capacity) and the ph values of the sedi-
ments would strongly influence the distributions of differ-
ent phosphorus fractions and TP in sediments. Water con-
tent and organic matters (loi) were more important to the 
distribution of NAiP, oP, and tDP than to the AP, iP, and 
tP. And the electronic conductivity of sediments signifi-
cantly correlated positively to the oP contents in sediment 

Fig. 5. Vertical distributions of phosphorus fractions in sediment 
profiles.
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profiles. these results suggested that the physicochemical 
properties of sediments would strongly influence the dis-
tribution of phosphorus fractions in lake sediments, and 
thus influenced the behavior of P in the lake system.

Conclusion

The Standards, Measurements and Testing (SMT) pro-
gramme, proposed by the european Commission, was em-
ployed to characterize the vertical distributions of phos-
phorus fractions in sediments collected from three typical 
shallow urban lakes in China. the results showed that the 
tP contents in sediment profiles ranged from 1,198.9 to 
1,897.3, 1,289.1 to 1,652.1, and 611.7 to 760.3 mg kg-1 for 
Daming lake, Mochou lake, and Xuanwu lake, respec-
tively. within the 50-cm sediment profiles, the phospho-
rus distributed mainly in iP, accounting for 90.3%±1.9%, 
83.7%±2.9%, and 84.6±3.6% of tP for Mochou lake, 
Daming lake, and Xuanwu lake, respectively. the oP 
contents accounted for 9.7%-16.3% of tP in sediments of 
the three studied lakes. AP was the main fraction of iP in 
sediment profile for Daming lake and Mochou lake, ac-
counting for 92.8%±7.2, and 71.4%±4.3%, respectively, 
while the proportion of NAIP to IP was higher than that 
of AP (41.7%±6.0%) for Xuanwu lake, suggesting its 
most serious pollution status among these three studied 
lakes. And the distribution of phosphorus fraction also 
changed greatly with the depth of the sediment profile. 
The phosphorus concentration in pore-water (TDP) corre-
lated significantly to the phosphorus fractions, especially 
to the oP and NAiP contents in sediments, which could 
be predicted by: TDP (mg l-1) = 0.005 oP (mg kg-1) – 
0.001 NAiP (mg kg-1) + 0.138 (r2 = 0.836, P = 0.001). 

Significant correlation could be found between the physi-
cochemical properties of sediments and the contents of 
phosphorus fractions, suggesting that the physicochemi-
cal properties of sediments would strongly influence the 
distribution of P fractions in lake sediments.
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