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Abstract Phosphorus (P) fractions and their bioavail-

ability in the sediments from the middle and lower reaches

of the Yangtze River region were investigated using dif-

ferent chemical extraction methods. The results show that

the contents of bioavailable P in the sediments extracted by

different extraction procedures varied greatly. But their

rank order was similar. Potentially releasable P (PRP) was

the largest, followed by algal available P (AAP), NaHCO3

extractable P (Olsen-P), water soluble P (WSP), and readily

desorbable P. PRP contributed approximately 60% to total

P (TP) in most sediments, AAP 20%, Olsen-P 15%, WSP

2%, and readily desorbable P (RDP) 0.5%. For the heavily

polluted sediments, their bioavailable P extracted from TP

mainly originated from inorganic P (IP), IP mainly origi-

nated from NaOH–P, the bioavailable P concentrations can

be evaluated by measuring the concentrations of TP,

NaOH–P, and IP. For the slightly polluted sediments, the

bioavailable P can only be evaluated by different chemical

extractable methods.
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Introduction

Lake eutrophication has become a serious environmental

problem in China, especially for shallow lakes in the

middle and lower reaches of the Yangtze River region, it

has resulted in serious blue-green algae blooms in the

last few years (Qin 2002). As a major nutrient for

aquatic ecology, phosphorus (P) is an important cause

for the lake eutrophication (Dorich et al. 1984; Gibson

1997; Wu et al. 2001). In shallow lakes, P can be

released from sediments into the overlying water under

some environmental conditions, which had a significant

impact on the water quality and may result in continuing

lake eutrophication (Abrams and Jarrell 1995; Xie et al.

2003). However, not all of the P fractions can be

released from the sediments and render lake eutrophi-

cation (Gonsiorczyk et al. 1998). Therefore, P fractions

in lake sediments have been extensively studied to

evaluate their bioavailability (Ruban et al. 1999).

Chang and Jackson (1957) partitioned soil P into labile

P, aluminum-bound P, iron-bound P, calcium-bound P,

reductant soluble P, occluded P, and organic P using

sequential extraction procedure, and later this procedure

was modified and applied to the P fractionation in lake

sediments (Williams et al. 1976; Zhou et al. 2001). P

bioavailability in lake sediments may be evaluated by

selective chemical extraction methods except by the con-

centrations of total P (TP) and different P fractions

(Andrieux and Aminot 1997; Gonsiorczyk et al. 1998;

Moriarty 1998). Zhou et al. (2001) studied the P bio-

availability in the sediments of West Lake and Taihu Lake

in China and Lough Erne in Ireland using the concentra-

tions of total P, water soluble P (WSP), readily desorbable

P (RDP), algal available P (AAP), and NaHCO3 extractable

P (Olsen-P), and the results showed that there was a
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significant correlation between the bioavailable P extracted

using different chemical extractants and TP.

The sequential extraction procedure for P fractions in

sediments is complicated and time-consuming. Results

suggested that the bioavailable P concentrations in lake

sediments can be more easily estimated by measuring the

contents of WSP, RDP, AAP, and Olsen-P than by P

fractions. The middle and lower reaches of Yangtze River

region are central areas of freshwater shallow lakes in

China, and most of the lakes in this region have been under

eutrophication (Wang et al. 2005). Therefore, it is impor-

tance to evaluate the P bioavailability in sediments from

this region. However, little is known about the correlation

between the concentrations of bioavailable P extracted by

different chemical extractants and different P fractions in

sediments. The objective of this study was to evaluate the P

bioavailability in sediments from this region, the relation-

ships between their bioavailable P and P fractions were

also discussed.

Materials and methods

Study areas

Ten lakes (Wuli Lake, Meiliang Lake, Gong Lake, East

Taihu Lake, Yue Lake, Dongting Lake, Xuanwu Lake,

Hongze Lake, Poyang Lake, and Chao Lake) were chosen

in the middle and lower reaches of Yangtze River region in

this study (Fig. 1). The basic characteristics of the region

were described in our previous studies (Wang et al. 2005).

Those chosen lakes represent the major lake types in the

middle and lower reaches of Yangtze River region (Wang

et al. 2006), and their geographic and limnological features

are shown in Table 1.

Sediment samples and analyses

A total of 17 sediment core samples (0–10 cm) were col-

lected in September 2003 with a core sampler of 30 cm

length, 5 cm diameter cylinder tubes constructed of Plexi-

glas, and were taken to the laboratory in sealed plastic bags

that were put in iceboxes, then freeze-dried, and ground for

experiments. The general physical and chemical properties

of the sediments are presented in Table 2. Cationic

exchange capacity (CEC) was analyzed using EDTA-NH4
?

method; total nitrogen (TN) was measured using the con-

centrated H2SO4 digestion method (Institute of soil science,

Chinese Academy of Sciences 1978). Total organic carbon

(TOC) in the sediments was analyzed with an Apollo 9000

TOC Analyzer (Tekmar Dohrman Co., USA) after pre-

treatment in warm HCl 50% v/v to eliminate inorganic

carbon (Zanini et al. 1998). The grain sizes were measured

using a Mastersizer 2000 Laser Size Analyzer (Malvern

Co., UK). Dried samples were put into beakers, 50 ml

distilled water was then added and the beakers were fre-

quently shaken for 5 min before analyses. The percentages

of grain size groups including clay (0.02–4 lm), silt (4–

63 lm), and sand fractions (63–500 lm) were determined

(Das 1990). The concentrations of major elements in

Fig. 1 The map of sampling

sites
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sediments were measured by ICP–OES (PE, ICP/6500,

USA). The sample (0.1 g) was dissolved by a fusion with

0.3 g LiBO2 (1,000�C), and was re-dissolved with 5%

HNO3. The solution was then used for the determination of

the total concentrations of major elements (Jin et al. 2006).

P fractions and bioavailable P

The sediment samples were sieved with a standard 100-

mesh sieve and the sequential extraction P fraction was

carried out using the standards measurements and testing

(SMT) procedure described in a previous study (Wang

et al. 2005). Briefly, the following fractions were deter-

mined: iron-bound P (NaOH–P), calcium-bound P (HCl–

P), inorganic P (IP), organic P (OP), and TP. NaOH–P is

the P bound to Al, Fe, and Mn oxides and hydroxides that

was extracted by NaOH (1 mol l-1), HCl–P was extracted

by HCl (1 and 3.51 mol l-1), IP was extracted by HCl

(1 mol l-1), and OP is the residual that was treated at

450�C to decompose organic matter and release P bound to

organic matter. TP concentration in sediments was deter-

mined by treating the sample at 450�C, followed by HCl

extraction (3.51 mol l-1). The soluble reactive P (SRP)

concentrations were analyzed using the molybdenum blue

method (APHA, AWWA, WPCE 1998). According to the

SMT protocol, potentially releasable P (PRP) in the sedi-

ment can be obtained based on the sum of NaOH–P and OP

(Ruban et al. 2001).

Water soluble P (WSP), readily desorbable P (RDP),

algal available P (AAP), and NaHCO3 extractable P

(Olsen-P) are the bioavailable P, which can be, respec-

tively, determined by different chemical extraction meth-

ods (Zhou et al. 2001). Olsen-P is a good index to represent

the status of nutrients in soils, which mainly includes the

Fe, Al binding P (Ma et al. 2009). Thus, Olsen-P can be

also regarded as a quantitative index of available P for

algae to a certain extent (Zhou et al. 2001).

The analytical procedure was as follows: 0.5 g of dried

sediment sample was placed into 100 ml acid washed screw

cap centrifuge tubes for WSP with 50 ml deionized water

added (Friend and Birch 1960; Psenner et al. 1985; Psenner

1988; Andrieux and Aminot 1997), for RDP with 50 ml

0.01 mol l-1 CaCl2 solution added (Reddy et al. 1980), for

AAP mainly including Fe–P in sediments with 50 ml

0.1 mol l-1 NaOH solution added (Dorich et al. 1984,

1985), for Olsen-P with 50 ml 0.5 M NaHCO3 solution (pH

8.5) added (Olsen et al. 1954; Gonsiorczyk et al. 1998). All

the centrifuge tubes were capped and incubated at

25 ± 1�C in an orbital shaker at 250 g, WSP for 2.0 h, RDP

for 1.0 h, AAP for 4.0 h, and Olsen-P for 0.5 h. The solu-

tion was immediately centrifuged at 5,000g for 10 min, and

the suspensions were filtered through 0.45 lm GF/C filter

membranes, respectively, the filtrates were analyzed for

PO4
3- using the molybdenum blue method (Jin et al. 1990)

and the concentrations of WSP, RDP, AAP, and Olsen-P

were calculated according to the concentrations of PO4
3-.

For all samples, triplicates were analyzed and the data

were presented as the average in this study. The repeated

experiments (three times) demonstrated that the high

reproducibility of the methods, and the experimental error

was within 7%.

Results

Sediment characteristics

The general features and chemical component contents of

the studied sediments are presented in Table 2. TOC con-

tents ranged from 0.18 to 9.21%, CEC from 8.88 to

36.10 meq (100 g)-1, TN from 0.03 to 0.54%, while Fe

from 1.77 to 8.34%, Al from 4.84 to 12.04%, and Mn from

0.04 to 0.14%. The silt fraction (4–63 lm) dominated in

the fractions for all studied sediments with the relative

Table 1 Geographic and limnological features of the studied lakes

Lakes Feature parameters

Position Surface area (km2) Mean depth (m) Trophic status References

Meiliang Lake 31�250 N 120�100 E 123.8 2 Hypereutrophication Yang and Sun 2001

Wuli Lake 31�310 N 120�160 E 5 2 Hypereutrophication Li 1996

Gong Lake 31�240 N 120�150 E 147 2 Mesotrophication Fan et al. 1997

East Tai Lake 31�100 N 120�190 E 131 0.89 Mesotrophication Yang et al. 2003

Dongting Lake 28�300–30�200 N 113�100–114�400 E 2,625 - Mesotrophication Jin et al. 1995

Chao Lake 30�250–31�430 N 117�160–117�510 E 780 8.3 Hypereutrophication Yan et al. 1999

Yue Lake – – – Hypereutrophication Qin 2002

Xuanwu Lake – 3.7 1.14 Hypereutrophication Zhu et al. 2004

Hongze Lake 33�060–33�400 N 1185�100–118�520 E 2,069 1.5 Mesotrophication Yuan et al. 2000

Poyang Lake 28�240–29�460 N 115�490–116�460 E 3,210 8.4 Mesotrophication Liu and Chen 2001
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contribution from 64.30 to 81.00%, the clay fraction was

the lowest, from 5.32 to 19.45%, and the sand fraction was

the medium, from 8.15 to 31.07%. This suggests that the

physical and chemical characteristics of the sediments

varied greatly.

Concentrations of the bioavailable P

and their contributions to TP

PRP, WSP, RDP, AAP, and Olsen-P concentrations of the

17 studied sediments varied greatly (Fig. 2), PRP ranged

from 81 to 2,873 mg kg-1, WSP from 2 to 152 mg kg-1,

RDP from 0.3 to 21 mg kg-1, AAP from 19 to

1,104 mg kg-1, and Olsen-P from 16 to 510 mg kg-1.

Although the relative contributions of PRP, WSP, RDP,

AAP, and Olsen-P to TP were different, which varied

slightly (Table 3), PRP, AAP, Olsen-P, WSP, and RDP

contributed approximately 60, 20, 15, 2, and 0.5%, to TP,

respectively. This indicates that the bioavailable P con-

centrations in the studied sediments increased as TP

increased, while the relative contribution of each bio-

available P to TP remained relatively constant.

Fig. 2 The bioavailable P in the lake sediments from the middle and lower reaches of the Yangtze River region

Table 2 Physical and chemical characteristics of the sediments

T-1 T-2 T-3 T-4 T-5 B-1 B-2 C-1 C-2 C-3 Y-1 Y-2 H X-1 X-2 D-1 D-2

TOC (%) 0.75 1.67 0.90 9.21 7.43 0.50 0.73 0.18 0.29 0.34 5.53 7.48 1.27 2.97 4.00 3.86 4.23

CEC (meq(100 g)-1) 11.30 22.15 13.33 24.36 22.54 9.01 8.88 9.06 10.80 9.10 30.12 36.10 13.45 19.60 20.20 21.40 19.40

TN (%) 0.08 0.19 0.09 0.54 0.48 0.06 0.09 0.03 0.03 0.04 0.52 0.48 0.06 0.37 0.26 0.23 0.21

Al (%) 5.58 6.55 6.16 12.04 8.96 5.45 5.21 4.84 6.29 5.78 8.51 8.32 7.49 7.33 7.12 6.38 6.07

Fe (%) 2.98 3.44 3.61 8.34 5.64 3.69 3.21 1.77 2.47 2.21 6.02 5.67 4.15 3.59 3.56 3.67 3.02

Mn (%) 0.06 0.10 0.09 0.14 0.11 0.11 0.09 0.04 0.05 0.06 0.09 0.06 0.17 0.06 0.05 0.08 0.10

Clay (%) 5.43 7.95 6.35 19.45 15.65 4.63 4.72 4.96 5.53 5.32 8.28 8.21 7.02 9.72 9.45 7.23 6.75

Silt (%) 68.50 71.00 74.60 72.4 75.65 64.30 64.80 70.40 76.40 74.34 81.81 82.43 68.50 78.00 81.00 75.54 74.34

Sand (%) 26.07 21.05 19.05 8.15 8.7 31.07 30.48 24.64 18.07 20.34 9.91 9.36 24.48 12.28 9.55 17.23 18.91

C-1, C-2 and C-3: sampling sites in Chao Lake; B-1 and B-2: sampling sites in Poyang Lake; T-1: sampling site in Gong Lake;, T-2: sampling

site in Wuli Lake; T-3: sampling site in East Tai Lake;, T-4 and T-5: sampling sites in Meiliang Lake; H: sampling sites in Hongze Lake; D-1 and

D-2: sampling sites in Dongting Lake; X-1 and X-2: sampling sites in Xuanwu Lake; Y-1 and Y-2: sampling sites in Yue Lake
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Relationships between the bioavailable P

and different fractions

The 17 studied sediment samples can be divided into two

groups according to the Chinese environmental dredging

common standard (Liu et al. 1999), and the sediments that

their TP concentrations were over 500 mg kg-1 were

considered as heavily polluted and should be dredged. The

other were the slightly polluted sediments (mesotrophic or

oligotrophic), in which TP concentrations were below

500 mg kg-1. This result is consistent with our previous

reports (Wang et al. 2006). For example, Yue Lake and

Xuanwu Lake were urban lakes and were hypereutrophic

(Zhu et al. 2004). Hongze Lake and Poyang Lake were

mesotrophic (Jin et al. 1995; Yuan et al. 2000). Meiliang

Lake and Wuli Lake were identified to be the most polluted

water bodies in China (Cai et al. 1995, 1997; Zhou et al.

1996; Shen et al. 2001). There were abundant aquatic

plants in Gonghu Lake and East Taihu Lake, and all were

in mesotrophication (Fan et al. 1997; Zhang and Qin 2001).

Although Chao Lake was in hypereutrophication (Jin et al.

1990), the sediments (C-1, C-2, and C-3) were taken from

the Mawei River estuary, the water quality of this area was

better than that in other areas in Chao Lake, its TP and TN

concentrations were lower, and the sediments were slightly

polluted.

The relationships between the concentrations of PRP,

WSP, RDP, AAP, Olsen-P, and different P fractions in the

sediments are presented in Table 4. For all studied

sediments, PRP, WSP, RDP, AAP, and Olsen-P had sig-

nificant correlations with TP, NaOH–P, and IP, but not

with HCl–P and OP. For those slightly polluted sediments,

there were no significant correlations between the bio-

available P (PRP, WSP, RDP, AAP, and Olsen-P) and

different P fractions. However, for those heavily polluted

sediments, the correlations between the bioavailable P

(PRP, WSP, RDP, AAP, and Olsen-P) and TP, NaOH–P,

and IP were more significant than those for all studied

sediments, their correlations with HCl–P and OP were also

not significant.

Discussion

For all studied sediments, the OP concentrations increased

at first as TP increased, and then remained constant

(Fig. 3). There was a significant correlation between

NaOH–P and IP (R2 = 0.96, P \ 0.01, n = 17), but there

was no strong correlation between HCl–P and IP (Fig. 4).

TP was the sum of IP and OP, therefore, the TP increasing

was mainly resulted from the IP increasing and IP

increasing mainly from the NaOH–P increasing for the

heavily polluted lake sediments. Therefore, for the heavily

polluted sediments, the bioavailable P extracted from TP

mainly originated from IP, while IP mainly originated from

NaOH–P. This result is similar to the reports in previous

studies that the relative contribution of NaOH–P to TP

ranged from 5 to 70% with high values in eutrophic lakes,

and NaOH–P was an important source for bioavailable P in

eutrophic sediments (Penn et al. 1995; Elizabeth et al.

2002).

Significant correlations between TP, IP, OP, NaOH–P

and Fe, Al suggest Fe and Al binding to P in the studied

sediments (Table 5). Fe and Al may significantly contrib-

ute to P bioavailability in sediments by increasing the

cationic exchange capacity and reducing P fixation (Ruban

et al. 2001), and the binding of P to Fe/Al may take place in

the oxidized surface sediments or by precipitation from the

overlying waters (Ribeiro et al. 2008). Organic matter

could be associated with Fe and Al, possibly forming

humic-Fe/Al complexes (Axt and Walbridge 1999). These

complexes are thought to play a key role in binding P in

sediments (Paludan and Jensen 1995). Humus coating of

Fe/Al complexes may inhibit the crystallization of Al and

Fe minerals, thus maintaining Fe/Al compounds in a non-

crystalline state for P binding in sediments (Long and

James 2002). Heavily polluted lakes in China were also

reported with the large input of Al and Fe (Jin et al. 2006).

In this study, different P fractions were all significantly

correlated with TOC, TN, and clay (Fig. 4).

In lake system, the actual amount of P released from

sediments was governed not only by the bioavailable P and

Table 3 The relative contribution of the bioavailable P to TP in the

sediments (%)

Samples PRP WSP RDP AAP Olsen-P

C-1 56.2 1.7 0.6 25.9 13.5

C-2 80.1 0.9 0.9 43.6 9.3

C-3 34.7 1.9 0.4 25.6 6.8

B-1 59.1 1.1 0.1 17.0 22.2

B-2 24.2 0.7 0.2 16.0 4.9

T-1 62.9 0.7 0.2 15.8 3.9

T-2 65.4 0.5 0.1 6.9 7.8

T-3 67.4 3.8 0.4 5.8 14.6

T-4 86.1 4.5 0.6 33.1 15.3

T-5 67.3 2.6 0.5 31.1 15.8

H 50.7 1.3 0.3 4.7 8.1

D-1 73.5 3.5 0.7 12.4 13.5

D-2 50.0 1.8 0.4 12.0 8.9

X-1 72.6 2.0 0.1 11.0 9.4

X-2 48.8 2.3 0.6 8.1 18.1

Y-1 54.2 2.6 0.8 13.3 18.5

Y-2 61.3 1.7 0.2 14.1 14.4

* The notation is the same as in Table 2
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different P fraction concentration but also by other factors,

e.g., pH, Eh, and temperature (Bostrom 1988; Zhou et al.

2005). Among the bioavailable P, WSP was probably the

closest simulation of the lake situation (Zhou et al. 2001).

Our observations show that, although, the bioavailable P

extracted by different extracted procedures varied greatly,

their relative contributions to TP remained constant as TP

Fig. 3 The relationship between total phosphorus (TP) and organic

phosphorus (OP) concentrations in the studied sediments

Table 4 The relationship between bioavailable P and different P fractions

Extracted P P fractions Total sediments (n = 17) Heavily polluted sediments (n = 9) Slightly polluted sediments (n = 8)

Equation R2 Equation R2 Equation R2

TP y = 8.88x ? 155.43 0.93** y = 8.35x ? 308.98 0.95** y = 0.69x ? 288.64 0.04

NaOH–P y = 6.05x - 105.25 0.83** y = 6.55x - 193.31 0.81* y = 1.16x ? 59.31 0.43

Olsen-P HCl–P y = 1.39x ? 157.81 0.47 y = 0.84x ? 290.06 0.35 y = -1.27x ? 162.07 0.14

IP y = 7.50x ? 43.21 0.90** y = 7.46x ? 89.65 0.91** y = -0.39x ? 219.73 0.02

OP y = 1.25x ? 86.04 0.65 y = 0.87x ? 171.81 0.81* y = -8.31x ? 106.73 0.10

TP y = 59.46x ? 134.75 0.98** y = 60.24x ? 116.15 0.98** y = 24.44x ? 225.76 0.16

NaOH–P y = 40.83x - 123.43 0.89** y = 49.85x - 398.16 0.93** y = -9.91x ? 125.50 0.11

WSP HCl–P y = 9.13x ? 156.72 0.47 y = 4.26x ? 308.26 0.18 y = 39.43x - 6.64 0.48

IP y = 50.70x ? 20.35 0.97** y = 55.00x - 106.18 0.98** y = 29.43x ? 109.62 0.41

OP y = 8.13x ? 86.10 0.65 y = 5.47x ? 168.45 0.63 y = -8.31x ? 106.73 0.10

TP y = 254.53x ? 250.26 0.80** y = 219.71x ? 537.54 0.88* y = -97.55x ? 397.42 0.32

NaOH–P y = 179.84x - 56.43 0.78** y = 179.05x - 39.07 0.82* y = 19.79x ? 74.01 0.06

RDP HCl–P y = 33.70x ? 187.57 0.29 y = 13.51x ? 345.78 0.11 y = -53.95x ? 175.55 0.12

IP y = 217.26x ? 118.23 0.79** y = 196.23x ? 294.07 0.84* y = -28.08x ? 234.43 0.05

OP y = 35.04x ? 101.25 0.62 y = 23.58x ? 193.03 0.71 y = -42.25x ? 117.45 0.30

TP y = 4.98x ? 358.33 0.81** y = 4.32x ? 715.51 0.95** y = -1.06x ? 358.91 0.12

NaOH–P y = 3.88x - 16.29 0.95** y = 3.72x ? 76.06 0.98** y = 1.19x ? 35.01 0.66

AAP HCl–P y = 0.47x ? 220.82 0.15 y = 0.20x ? 366.13 0.09 y = -1.89x ? 216.78 0.45

IP y = 4.42x ? 193.13 0.88** y = 3.99x ? 432.69 0.97** y = -0.73x ? 243.56 0.10

OP y = 0.55x ? 130.42 0.40 y = 0.35x ? 229.39 0.48 y = -0.15x ? 85.73 0.01

TP y = 1.17x ? 204.92 0.96** y = 1.06x ? 390.59 0.98** y = 0.45x ? 231.03 0.10

NaOH–P y = 0.85x - 101.73 0.98** y = 0.91x - 197.90 0.99** y = 0.54x - 0.66 0.61

PRP HCl–P y = 0.15x ? 186.43 0.31 y = 0.05x ? 349.10 0.08 y = -0.64x ? 235.29 0.23

IP y = 1.01x ? 72.59 0.98** y = 0.98x ? 138.68 0.99** y = -0.15x ? 233.68 0.02

OP y = 0.15x ? 101.73 0.64 y = 0.09x ? 197.90 0.77 y = 0.46x ? 0.66 0.53

* P \ 0.05; ** P \ 0.01; Concentrations were in mg�kg-1 dry weight

Fig. 4 The relationships between inorganic phosphorus (IP), NaOH–

P and HCl–P concentrations in the studied sediments
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increased for all studied sediments. This suggests that the

bioavailable P concentration in the heavily polluted sedi-

ments from the middle and lower reaches of the Yangtze

River region can be evaluated by different chemical

extractable methods, and the concentrations of TP, NaOH–

P, and IP can also be used. However, for the slightly pol-

luted sediments, their bioavailable P concentration can

only be evaluated by different chemical extractable

methods.

Conclusions

In this study, phosphorus (P) fractions and its different kind

of bioavailable P in 17 sediments from the middle and lower

reaches of the Yangtze River region were investigated using

different chemical extraction methods. The contents of dif-

ferent kinds of bioavailable P (PRP, WSP, RDP, AAP, and

Olsen-P) in studied sediments varied greatly. Although their

relative contributions of PRP, WSP, RDP, AAP, and Olsen-P

to TP were different, one of their relative contributions

varied slightly. Their rank order was PRP [ AAP [ Olsen-

P [ WSP [ RDP. PRP contributed approximately 60% to

total P, AAP 20%, Olsen-P 15%, WSP 2%, and RDP 0.5%.

For those slightly polluted sediments, there were no signifi-

cant correlations between the bioavailable P (PRP, WSP,

RDP, AAP, and Olsen-P) and different P fractions. However,

for those heavily polluted sediments, the correlations

between the bioavailable P (PRP, WSP, RDP, AAP, and

Olsen-P) and TP, NaOH–P, IP were significant. For the

heavily polluted sediments, their bioavailable P mainly

originated from IP, while IP mainly from NaOH–P, so their

bioavailable P concentration can be evaluated by measuring

their concentrations of TP, NaOH–P, and IP. For the slightly

polluted sediments, their bioavailable P can only be evalu-

ated by different chemical extractable methods.
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