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Abstract

The trophic status and development of lake system is significantly influenced by the phosphate sorption at the sediment—water interface.
The effects of organic matter, particle size and ionic strength on the phosphate sorption by sediments were investigated in this study. The
results show that maximum phosphate sorption capa@ity.d, equilibrium phosphate concentration (Effhosphate sorption efficiency
(k) and phosphate sorption rate decreased as particle size increased for all the studied sediments. But the reliable desorbed phosphorus (RDF
increasedOnmax, EPG, k and RDP of different particle size fractions varied and there were no obvious differences among different trophic
lake sediment®yax, EPG increased whilé and RDP decreased as the pollution level of lake sediment increased. The phosphate sorption
mainly occurred within 0.5h. Power function and simple Elovich models were the best kinetic models for the phosphate sorption of the
different particle size fraction®nax and phosphate sorption rate decreased with the decreasing of organic matter content of sediments and
the increasing of ionic strength. This study suggests that ionic strength and organic matter had similar effects on the phosphate sorption for
different trophic lake sediments.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction [5]. Clay soils containing high proportions of Fe or Al oxide
minerals had particularly high sorption capadisy and the
The phosphate sorption at the sediment—water interfaceP sorption strongly depended on the solution parameters, e.g.
is an important process affecting the phosphorus (P) trans-ionic strengtt7,8]. Similar results were also reported in lake
port, bioavailability and concentrations in lakes. This process, sediment$9-13]and many sediment properties affected the
therefore, has beenwidely investigafe®]. Previous studies ~ phosphate sorption process, e.g. particle size, organic matter,
in soils showed that the P sorption process was highly non- Fe- and Al-oxides and cationic exchange capacity (CEC),
linear as energy levels varied among different binding sites especially the distribution of particle size and organic mat-
onthe solid surfaces; high-energy sites were always occupiedter [9]. Different particle size fractions had different specific
in the first placg3]. Apparent P sorption was reported to be a surface areas and weiglitO] and had also different effects
combination of two main processes: ‘fast sorption’ and ‘slow on the phosphate sorption by sedimdfty. Many previous
sorption’ [4]. The sorption capacity on soils varied among studies demonstrated that soils and sediments with different
different soils and it tended to be high in soils with a high particle size had different chemical composition and different
proportion of small size particles such as clay and manure stability to the microbial decomposition, thus having differ-
ent phosphate sorption abilif$2,13]
* Corresponding author. Tel.: +86 10 84915185; fax: +86 10 84915190. S0 far, lots of studies have been done on the behaviors and
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characteristics of soils and sedimefit2—16] Although the Table 1 _ _
phosphate sorption mechanism is not well understood, sorp-TOC content of sediments before and after treatment widH

tion capacity was reported to be closely related to organic Sediment samples TOC (%)

matter conten{17-20] Organic matter played an impor- Before treatment After treatment
tant role i_n sediments since its mineralizatiqn may result in East Taihu Lake 0.90 021
changes in both redox and gB{l—23]and humic substances vyehy Lake 6.23 1.16

can stabilize iron particleR24]. But little is known about Wuli Lake 1.67 0.37

the effects of organic matter for different trophic sediments
in various ionic strength solutions. lonic strength was also
a factor affecting phosphate sorption at the sediment-water(Tekmar Dohrman Co., USA) after the pre-treatmentin warm
interface. The high ionic strength in solution lowered the HCI 50% (v/v) to eliminate carbonatR9]. The contents
extent of sorption and shifted the sorption isotherms toward of major elements were measured by ICP-AES (PE, USA,
higher equilibrium phosphate concentratidh8]. All fac- ICP/6500). The grain size fractions were measured using a
tors have to be taken into account when evaluating phosphatéViastersizer 2000 Laser Size Analyzer (Malvern Co., UK) and
sorption by lake sedimen{0]. Few investigations, how-  were classified into clay (<0.002 mm), silt (0.002—-0.05 mm)
ever, have been carried out on the effects of particle size,and sand fractions (0.05-2 mii30].

organic matter and ionic strength on the phosphate sorp-

tion in the same experiments and fundamental impact of > > oxidation of organic matter of the sediment samples

the distribution of particle size fractions and organic mat-

ter content in different trophic lake sediments and various  approximately 200g sediment samples through

ionic strength solutions is not well understood. Sediments 100 meshes were mixed with 300 ml 30% hydrogen perox-
were separated into different particle size fractions and werege solution in a 1.5 Pyrex beaker. The beaker was allowed
treated by hydrogen peroxide; those were common andig stand for 1 h and was then placed on a sand bath &@00
powerful methods to study the effects of particle size and tq rapidly dry the solution. After cool, the remaining residues
organic matter content on the phosphate sorption by sedi-yere freeze-dried and re-ground to pass through 100 meshes
mentg25,26] The objective of this study was to elucidate the 5, experiments[26]. The difference of TOC before and

effects of the particle size fractions, organic matter and ionic after treatment was the oxidation of organic matter in the
strength on the phosphate sorption by different trophic lake sediment sampleggble .

sediments.

2.3. Preparation of different ionic strength solutions
2. Materials and methods . . . . -
Initial sorption experiments were conducted in Milli-Q
water and KCI solution was used to adjust ionic strength
(0.01 and 0.001 M). Without pH adjustment the equilibrium
pH after 24 h of reaction ranged from 6 to 7.

2.1. Sampling and analyses

Sediment cores were collected from the East Taihu
Lake, Wuli Lake, Jiangshu Province and Yehu Lake,
Hubei Province, using the core Plexiglas sampler with 2.4. Sorption isotherms
30cm length and 5cm diameter cylinder tub in Septem-
ber 2003. Top 10cm samples were taken to the labora- P sorption isotherms were obtained using a previously
tory in air-sealed plastic bags and were kept in co6C4 reported method31]. Briefly, 0.5g dried sediment sam-
They were then freeze-dried and sieved with a standardples or subsamples were added in a series of 100 ml acid
nylon mesh sieve to obtain different particle size subsam- washed centrifuge tubes with 50 ml phosphate solution each
ples. Samples were successively passed through 18, 60(anhydrous KHPQy, in different ionic strength condition).
240, 360 and 480 mesh sieves and those subsamples wer&he low initial concentrations of 0, 0.05, 0.1, 0.2, 0.5, 1.0
named 18-60, 60-240, 240-360, 360—480 mesh sedimentsand 2.0 P mg ! and high initial concentrations of 0, 2.0,
respectively. 5.0, 8.0, 10.0, 15.0 and 20.0 P mgLwere used, respec-

Sediments were analyzed for CEC using EDTANH tively. The tubes were capped and placed a=23C in an
method and total nitrogen (TN) was measured as nitrate orbital shaker at 250 rpm for 24 h to ensure the equilibrium.
by colorimetry after the digestion of the total samples with After equilibrium and centrifugation (5000 rpm for 10 min)
K2S,0g + NaOH[27]. Total P (TP) concentrations in sedi- the suspension was filtered through Oub membranes and
ments were determined using the SMT protd@d], water the phosphateconcentration was measured using the ascorbic
content and losses on ignition measurements were based oacid method32]. The phosphate sorbed on sediment samples
weight losses after drying and combustion of the sediments atwas calculated using the difference between the initial and
105 and 550C, respectively. Total organic carbon (TOC) in  equilibrium phosphate concentratiof83]. The phosphate
sediments was analyzed with an Appollo 9000 TOC Analyzer sorptionisotherm in different initial concentration ranges can
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be fitted using Langmuir model or Linear modia#] natant was immediately centrifuged at 5000 rpm for 10 min
and was then filtered through 0.4 GF/C filter mem-
0= QOmaxx € (1) branes. The filtrate was taken for phosphate analysis using
Kq+C the molybdenum blue/ascorbic acid methdd]. The phos-
O=KxC+b ) phate sorbed on samples was calculated by the difference

between the initial phosphate concentration and concentra-
whereC is the phosphate sorption equilibrium concentration tion in the supernatant. Triplicate experiments were carried
(mgL™1), O the phosphate sorption capacity (mgkairy out and the data were expressed as their average in this
weight), Omax the maximum phosphate sorption capacity study.
(mg kg 1dry weight), Kq the half saturation concentration
(mgL™1), K the slope and is a measure of the phosphate
sorption efficiency of sediments (Ikg) [18] and b is the 3. Results and discussion
constant.

EPG was the phosphate equilibrium concentration when 3 ;. Sediment characteristics

phosphate sorption capacity was 0 mgkgin the low con-
centration range, the sorption isotherms were linear and the  Elemental composition, particle size distribution, TN, TP,
intersection ofX-axes and the regression curve was EPC  TOC and CEC in the sediments are showable 2 The
which can be calculated by regressive equatiGa$ EPG contents of TP, TN and TOC in the sediments from Yue Lake
was higher and the risk of the P releasing onto the overlying were the highest and were 1640 mg#g5213 mg kg and
water from sediments was biggid5]. Reliable desorbed P g 2394, respectively and those from East Taihu Lake were
(RDP) was the P releasing from the sediments when no phos+he |owest and were 441 mgkg, 932 mgkg? and 0.9%,
phate was added in solution. According to the experiments, respectively. The sediments in this study represented three
Omax, EPG, kand RDP can be calculated based on thefitting gitferent pollution levels with the most serious pollution

of Langmuir and Linear models. The triplicate experiments |eve| in Yue Lake and lightest level in East Taihu Lake: Yue
showed high repeatability of the sorption method and the | gke > \Wuli Lake > East Taihu Lake.

experimental error was within 6%. Al, Fe contents and CEC in the sediments were in
the decreasing order in different lakes: Yue Lake >Wuli
2.5. Sorption kinetic measurements Lake > East Taihu Lake. But Ca content was different; East

Taihu Lake >Wuli Lake >Yue Lake. This is considered to
An amount of 0.5g dried sediments were added in a be caused by different pollution sources from the surround-
series of 100 ml acid washed centrifuge tubes with 50 ml ing watershed and the large input of Al and Fe. Silt was
phosphate solution containing 10 mgLP each (anhydrous  the major component in the sediments and the proportion
KH>PQy, in different ionic strength condition). The tubes of clay and silt fractions was in the decreasing order in lakes:
were capped and placed at23.°C in an orbital shaker at  Yue Lake>Wuli Lake > East Taihu Lake. But the propor-
250 rpm for various time intervals between 0 and 60 h (0.5, tion of sand fraction was different: East Taihu Lake >Wuli
1,15, 25,5, 9, 13, 18, 24, 36, 48 and 60 h). The super- Lake > Yue Lake. Those results are consistent with their pol-

Table 2

Physical and chemical characteristics of the studied sediments and subsamples

Sediments TOC (%) CEC(meq(108) TN(mgkg®? TP (mgkg?l) Al(%) Fe(%) Ca(%) Clay Silt Sand (%)

(%) (%)

East Taihu Lake 0.90 13.33 932 441 6.16 3.61 0.98 6.35 7460 19.05
360-480 mesh 1.45 17.31 1231 872 8.32 5.36 0.79 6.01 78.42 15.57
240-360 mesh 0.95 14.53 902 606 7.56 4.26 0.84 5.46 81.02 13.52
60—240 mesh 0.78 12.32 821 472 5.74 3.01 1.03 6.89 70.63 22.48
18-60 mesh 0.71 11.45 631 336 5.12 2.67 1.12 7.12 63.78  29.10

Yue Lake 6.23 30.12 5213 1640 8.51 6.02 3.71 6.28 81.81 11.91
360-480mesh  6.50 40.87 6342 2275 10.35 8.53 3.02 5.89 84.32 9.79
240-360 mesh 6.33 36.52 6123 1856 9.43 7.51 3.31 5.23 87.73 7.04
60-240 mesh 6.29 29.42 5832 1763 8.02 5.38 4.15 6.75 76.98 16.27
18-60mesh 6.03 27.31 5124 1374 7.24 4.89 4.36 7.04 72.16 20.8

Wuli Lake 1.67 22.15 1923 819 6.55 3.44 0.69 7.95 71.00 21.05
360-480mesh  2.32 26.75 2451 1294 9.32 5.42 0.46 6.75 79.42  13.83
240-360 mesh 1.94 24.63 2013 1037 8.43 4.76 0.53 6.23 83.15 10.62
60-240 mesh 1.69 20.12 2314 892 6.31 4.02 0.74 8.34 68.45 23.21

18-60 mesh 1.68 18.42 1905 608 5.46 3.86 0.93 8.78 65.36 25.86
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Fig. 1. Phosphate sorption isotherms of different particle size fractions from various sediments in the high initial phosphate concentration range
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Fig. 2. Phosphate sorption isotherms of different particle size fractions from various sediments in the low initial phosphate concentration range.

lution levels. The 360-480 and 240-360 mesh sedimentsfractions[36,37] As fractions with different sizes had dif-

contained higher contents of clay and silt than 60-240 and ferent specific surface areas and weight, they had different

18-60 mesh sediments ditiable 2. effects on the exchange of phosphate between sediments and
For the three studied sediments, TOC, TN, TP, Al and Fe the overlying water. Finer grain fractions had larger pollutant

contents and CEC increased as particle size decreased. Thisorption capacity and high suspension potential. Therefore,

is probably due to the increase of clay mineral concentration sediments with higher proportion of clay and silt fractions

in the clay fraction and the larger specific area for the fine were more heavily polluted.

Table 3
P availability and calculated sorption parameter of different particle size fractions from various sediments
Sediments Particle size (mesh) Omax (Mg kg™1) EPG (mgL™1) k(lkg™1) RDP (mgg?t)
East Taihu Lake 360-480 302.9 48.2 800.6 —43.6
240-360 275.1 41.3 701.9 —41.3
60-240 226.3 34.2 390.6 -31.2
18-60 208.4 30.1 223.2 —25.8
Yue Lake 360-480 740.4 634.1 176.1 -51.4
240-360 683.3 588.5 172.4 —45.8
60-240 506.7 562.7 168.6 —41.7
18-60 352.7 531.3 117 -37.2
Wuli Lake 360-480 545.6 214.8 196.6 -54.1
240-360 414.1 194.4 150.9 —46.8
60-240 300.8 212.3 97.2 -27.3

18-60 237.6 87.9 91.7 —14.8
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Fig. 3. Phosphate sorption kinetic curves of different particle size fractions.
3.2. Effects of particle size on phosphate sorption initial concentration ranges. For different particle size frac-

tions of various trophic sediments, the sorption isotherms in

Particle size distribution in sediments is an important fac- the high and low initial concentration ranges can be best-fitted
tor affecting the phosphate sorption at the solid—liquid inter- using Langmuir model and Linear model, respectively.
face. In order to study the dependence of phosphate sorption The selected P availability and calculated sorption param-
on sediment particle size, experiments were conducted witheters of different particle size fractions are showiiaile 3
four different particle size fractions at constant pH (6—7) and Those parameters mainly described the transfer ability of P
ionic strength (0.02 motit KCI) conditions.Figs. 1 and 2 between the sediment and water interfa@gax, EPG and
show the phosphate sorption isotherms in the low and high k decreased with particle size increased for the three stud-

Table 4
Phosphate sorption rate of different particle size fractions from sediments (mgg h)
Sediments Particle size Sampling internals (h)
fractions (mesh)
0-0.5 0.5-1.5 1.5-3 3-5 5-7 7-12 12-24 24-48 48-60
East Taihu Lake 360-480 97.34 11.32 4.43 0.69 5.67 0.67 0.28 1.04 0.35
240-360 80.61 14.20 6.98 0.11 0.56 3.00 0.28 0.50 0.91
60-240 77.00 13.52 7.53 0.63 0.56 1.40 0.49 0.49 0.14
18-60 71.76 15.30 3.65 1.76 1.74 0.85 0.68 0.28 0.42
Yue Lake 360-480 45.31 0.83 3.40 1.26 0.73 0.02 0.14 0.21 2.75
240-360 43.64 0.76 0.55 2.12 1.20 0.21 0.07 0.24 2.29
60-240 35.30 0.90 1.58 2.16 0.42 0.32 0.06 0.29 1.63
18-60 20.22 1.74 0.45 0.50 0.79 0.69 0.27 0.25 0.70
Wuli Lake 360-480 57.17 6.58 3.34 0.35 1.25 2.23 0.14 0.44 1.44
240-360 56.98 3.44 0.97 0.11 1.20 1.87 0.46 0.42 0.36
60-240 50.31 1.76 5.58 1.96 0.90 0.70 0.35 0.30 0.69
18-60 38.51 6.82 6.61 0.42 0.42 0.03 0.68 0.56 0.19
Table 5
Langmuir parameters of phosphate sorption by sediments before and after treatgdbtin Hifferent ionic strength solutions
Samples lonic strength (M KCI) Sediments Sediments treated®p H
Omax (mgkg ™) Ky R? Omax (mgkg ™) Ky R?
Wuli Lake 0 352.7 0.014 0.95 326.8 0.003 0.91
0.001 336.7 0.008 0.93 307.4 0.002 0.99
0.01 302.1 0.005 0.98 274.8 0.002 0.98
Yue Lake 0 385.6 0.0015 0.91 354.7 0.4126 0.99
0.001 363.2 0.003 0.92 321.9 0.4658 0.97
0.01 354.7 0.0091 0.90 301.4 0.5571 0.99
East Taihu Lake 0 310.5 0.0048 0.98 284.8 0.0014 0.97
0.001 291.6 0.006 0.97 272.3 0.0294 0.94

0.01 275.3 0.0076 0.91 253.9 0.0098 0.92
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ied sediments, but RDP increasdnax and EP@ were there were no clear differences among different trophic lake
in the decreasing order in different lake sediments: Yue sediments.

Lake >Wauli Lake >East Taihu Lake. But and the RDP The isotherms Kigs. 1 and 2 showed that the sorp-
were different: East Taihu Lake > Wuli Lake > Yue Lake. This tion tended to reach saturation as phosphate concentration
suggests thaPmax and EPQ increased as sediment pol- increased and they were best fitted by Langmuir model
lution level increased whilé and RDP decrease@max, assuming the homogeneous sorption sites. This probably
EPG, k and RDP of different particle size fractions varied; indicates that there existed one dominant model for the inter-
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Fig. 4. The fitting kinetic curves of phosphate sorption by the various particle size fractions using three different models.
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Table 6
Phosphate sorption rate of sediments before and after treategyikidifferent ionic strength solutions (mg (kgth)
lonic strength (M) Sampling intervals (h)
0-0.5 0.5-1.5 1.5-5 3-5 5-7 7-12 12-16 16-24 24-48
Wauli Lake
Sediments
0.01 212.07 25.10 2291 10.75 12.50 1.20 4.46 5.07 0.44
0.001 241.17 25.53 9.61 0.15 12.69 1.85 4.64 1.96 0.85
0 305.95 29.96 13.61 6.02 11.22 111 7.35 0.39 0.05
Sediments treated byJ,
0.01 174.62 15.94 13.26 10.15 5.07 1.08 1.27 1.82 1.64
0.001 186.09 18.40 21.33 9.99 2.70 2.10 6.46 1.86 0.42
0 200.83 31.18 29.74 10.01 1.50 241 2.57 1.06 1.31

East Taihu Lake

Sediments
0.01 93.84 13.26 11.52 7.52 0.28 2.00 2.49 0.66 0.49
0.001 106.03 14.43 9.95 10.33 2.54 0.97 2.54 1.97 0.46
0 148.15 19.53 12.30 12.05 6.17 2.60 3.67 3.42 0.27
Sediments treated by,
0.01 71.62 38.17 14.43 6.14 2.65 3.96 3.80 7.25 0.41
0.001 83.88 35.85 16.56 4.99 1.71 1.91 3.74 7.01 0.41
0 131.67 39.63 11.02 5.47 6.24 4.00 3.24 7.25 0.44
Yue Lake
Sediments
0.01 471.45 25.12 20.74 10.10 9.07 3.37 2.54 1.81 0.00
0.001 542.78 25.48 22.79 12.76 5.81 2.04 0.70 0.29 1.10
0 600.33 30.23 20.35 10.26 5.41 4.43 5.24 0.43 0.42
Sediments treated byJ®;
0.01 321.67 35.40 10.30 3.86 3.06 3.06 4.71 4.51 0.48
0.001 331.01 35.34 13.64 9.77 24.06 0.38 5.53 0.38 0.08
0 411.66 43.12 10.26 9.84 10.32 0.23 6.09 1.68 0.68

action between phosphate and sediment during the phosphatexides and P in finer particle size fractions may promote the
sorption at the sediment—water interface. Sediment particle phosphate sorptioj34].

size was found to have a significant effect on phosphate sorp- Phosphate sorption by sediments was a complex kinetic
tion capacity. This may be considered that the fine particle process usually including quick sorption and slow sorption.
size provided most of the sediment mineral surface. Thisisin As shown inFig. 3, quick sorption mainly occurred within
agreement with the hypothesis discussed in the earlier sectior0.5 h. Sorption rate was calculated to compare the difference
that mineral surface played a dominant role in the phosphateof phosphate sorption in different sedimentslgle 4. The
sorption. In addition, higher contents of organic matter, Fe/Al average sorption rate within 0.5h was the highest than that
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Fig. 5. Effects of ionic strength in solutions on phosphate sorption by different sediments.
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within other times during the experiment period. As particle simple Elovich and parabolic diffusion models. It appears
size decreased, the sorption rate increased for the three stucthat power function and simple Elovich models can best
ied sediments. This provides further support that the particle describe the phosphate sorption kinetics and there was no
size had a significant effect on the phosphate sorption rateclear difference among different sediments. But parabolic
in sediments. Phosphate sorption rate was in the decreasingliffusion model cannot describe the sorption kinetics
order in lake sediments: East Taihu Lake >Wuli Lake > Yue satisfactorily.
Lake. This suggests that as sediment pollution level increased As previously reported, the content and property of
the phosphate sorption rate decreased. The sorption raterganic matter, Fe/Al (hydr) oxides and P in sorbent were
varied among the different particle size fractions and there considered to be the major factors controlling phosphate sorp-
were no clear differences among various trophic lake tion by sediment§38,39] The rank order 0Omaxand EPGQ
sediments. possibly reflected the content of organic matter, Fe/Al (hydr)
As shown inFig. 4, the sorption kinetic curves can be oxides and P as compared with different sedimeFdble 2.
fitted using several kinetic models, e.g. power function, As particle size decreasa@mnax, EPG andk increased while

Table 7
Calculated kinetic model parameters of phosphate sorption by sediments before and after treat@glinydifferent ionic strength solutiofls

Samples lonic strength (M) Power function modgk@ x 1)
Sediments treated byJ®, Sediments
a b R? a b R?
Wauli Lake 0.01 96.774 3.51 0.21+0.01 0.98 131.32+ 2.48 0.1740.01 0.99
0.001 116.174 4.36 0.19+0.01 0.97 136.1H4 5.57 0.20+0.01 0.97
0 137.3+ 10.35 0.18:0.03 0.88 201.78t 6.50 0.12+0.01 0.94
East Taihu Lake 0.01 59.6t 3.12 0.21+0.02 0.96 60.24t 6.25 0.33:0.03 0.94
0.001 65.13+ 3.24 0.23:0.02 0.97 66.00t 6.52 0.31+0.03 0.94
0 121.86+ 3.22 0.14+0.01 0.97 177.34- 2.64 0.09+:0.01 0.97
Yue Lake 0.01 175.83 5.58 0.14+0.01 0.96 265.76E 6.21 0.10+0.01 0.95
0.001 202.1H 9.48 0.14+0.02 0.91 296.02+ 6.22 0.09+0.01 0.95
0 228.924 4.63 0.12£0.01 0.98 322.28: 5.47 0.09:0.01 0.96
Samples lonic strength Simple Elovich modgk( + b In 7)°
Sediments treated byJ®; Sediments
a b R? a b R?
Wuli Lake 0.01 93.414 4.21 28.7#1.84 0.97 129.59 4.52 29.52+1.97 0.97
0.001 112.82+ 4.98 30.66+2.18 0.97 130.48- 5.45 40.46+2.38 0.98
0 129.20+ 8.38 37.3#3.66 0.94 199.14+ 6.20 30.85:2.71 0.95
East Taihu Lake 0.01 56.18 2.50 19.45+1.09 0.98 53.69+ 9.87 36.29-4.31 0.91
0.001 60.76+ 2.25 23.16:0.98 0.99 59.97 10.20 37.02:4.45 0.91
0 120.36+ 3.70 22.49+1.62 0.97 176.4% 2.70 19.2H11.18 0.97
Yue Lake 0.01 196.36& 7.58 37.25:3.31 0.95 262.79 4.88 32.38:2.13 0.97
0.001 174.95+ 7.42 31.93:3.24 0.93 293.78& 5.45 31.38:2.38 0.96
0 226.05+ 3.94 35.68:1.72 0.98 320.29% 4.95 34.03:2.16 0.97
Samples lonic strength Parabolic diffusion modgi € a + b/r1/2)
Sediments treated byJ®, Sediments
a b R? a b R?
Wuli Lake 0.01 —6.20+ 1.22 71.69+ 6.53 0.73 —8.67+ 1.67 93.38+ 8.95 0.52
0.001 —7.95+ 1.26 86.32+ 6.76 0.75 —9.224+ 1.44 103.05+ 7.72 0.81
0 —10.194+ 1.36 105.26+ 7.31 0.81 —14.274+ 2.58 138.76+ 13.83 -0.03
East Taihu Lake 0.01 —4.16 4+ 0.53 46.54+ 2.84 0.89 —-3.194+ 0.81 51.94+ 4.36 0.93
0.001 —4.46+ 0.57 51.47+ 3.03 0.91 —3.58+ 0.88 55.90+ 4.73 0.92
0 —8.144 1.68 83.96+ 9.00 0.16 —12.154+ 2.58 115.524- 13.86 -1.74
Yue Lake 0.01 —11.43+ 2.54 119.73+ 13.65 0.08 —18.88+ 3.57 178.01+ 19.14 -0.83
0.001 —-14.974+ 2.19 145.28+ 11.75 0.49 —20.594 4.28 193.53+ 22.98 -1.79
0 —15.86+ 3.05 156.27+ 16.33 -0.12 —22.444 4.58 210.94+ 24.58 -1.74

a g-sorbed phosphate (mgkg) at timer (h). Phosphate was initially added at 10 mg'LP sorbent.
b The simple Elovich parameters were calculated without using the ogigif{z = 0).
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RDP decreased. This is probably due to the higher content For the sediments before and after treatment b@Hin

of organic matter, Fe/Al oxides, clay minerals and P for finer different ionic strength solution, phosphate sorption kinetic
particle size fractions. This is consistent with previous reports curves were fitted with power function, simple Elovich and
[3,38-40] Therefore, phosphate sorption capacity can be parabolic diffusion models by non-linear regression with
related to many factors and the metal content appears to beMicrocal Origin Software[44]. The calculated parameters
the main factor that determines the phosphate sorption capacef kinetic models are shown ifable 7 Based orR? and SE,

ity due to the high specific surface of the Fe/Al oxides and it appears that power function and simple Elovich models
clay minerals. In some cases, the phosphate sorption sitexan satisfactorily describe the effects of ionic strength and
can be occupied by Fe and Al. Based on the above discus-organic matter content on phosphate sorption kinetics.

sion, the phosphate sorption capacity of sediments with high  Itis apparentthat power function and simple Elovich mod-
content of carbon, Fe, Al, nitrogen and P should be high. The els were the best kinetic fitting models and there was no clear
obtained resultsTables 2 and Bagree with this suggestion.  difference between them. But parabolic diffusion model was
There would be a notable accumulation of organic matter, P, not the best fitting model. This indicates that the effects of
nitrogen, Al and Fe when lakes developed from mesotrophic ionic strength and organic matter content in sediments on
to eutrophic status and that Fe/Al-P precipitation process phosphate sorption were similar for different trophic lake
may occur. A similar result was also reported in other areas sediments and there was no clear difference among them.

[41]. More than 75% organic matter was lost when sediments were
treated by HO,. But this only resulted in less than 20%

3.3. Effects of ionic strength and organic matter on the decrease in the sorption capacity. This indicates that both

phosphate sorption “quantity” and “quality” of organic matter likely varied sig-

nificantly among various particle size fractions from different
Two differentionic strengths, 0.001 and 0.01 M KCI, were trophic sediments, although this aspect needs further investi-
used and the results were compared with those obtained forgations.
different samples with no ionic strength experimental control.
Sediments with different organic matter content and the sam-
ples before and after4®, treatment were useddble J). For 4. Conclusions
samples with different organic matter content in various ionic
strength solutions, the phosphate sorption isotherms in the(1) Forthe three studied sediments, as particle size increased
high initial phosphate concentration range can be best fitted  Omax EPG, k and phosphate sorption rate decreased,

by Langmuir model with regression coefficienk$) of above but RDP increase®max, EPG, k and RDP of different
0.9 and the parameters are illustrated@ble 5 As organic particle size fractions varied; there were no clear dif-
matter content decreased and ionic strength increg@hgg, ferences among different trophic lake sediments. With
decreased. the increase in sediment pollution lev@hax and EPQ
Forthe three studied sediments, as ionic strengthincreased  increased whil& and RDP decreased. The quick sorp-
the phosphate sorption rate increasédbl{e 9, especially tion mainly occurred in 0.5 h. Power function and simple
for the sorption rate within 0.5h. After treated by,®b Elovich models were the bestkinetic models for the phos-

(low organic matter content) sediment phosphate sorption phate sorption of the different particle size fractions and
rate decreased. As reported, organic matter content was one there was no clear difference between them. Parabolic
of the major factors controlling phosphate sorption rate in diffusion model was not the best kinetic fitting model.
sediment$17,18,21-24] The phosphate sorption as a func- (2) As organic matter content decreased and ionic strength
tion of ionic strength is shown ifig. 5. As ionic strength increasedmaxand phosphate sorption rate of sediments
increased from 0.001 to 0.01 mofi KCI the sorption capac- decreased. This indicates that the effects of ionic strength
ity increased 20% at a constant pH (6—7). This increase can  and organic matter content on phosphate sorption were
be attributed to the macromolecular phosphate configura-  similar for various trophic lake sediments and there was
tion: In high ionic strength solution, the negative charges no clear difference among them. Power function and sim-
on phosphate macromolecules were well screened and con-  ple Elovich models were the best kinetic fitting models.
sequently the phosphate molecules wounded up like random  Parabolic diffusion model was not the best fitting model.
coils. In this more compact configuration, more phosphate Both “quantity” and “quality” of organic matter likely
can be sorbed onto a given area of sediment surface. As  varied significantly among different particle sizes frac-
ionic strength decreased, the unscreened negatively charged tions.

function groups repelled each other and consequently the

molecule spread out as flexible, linear polymer molecules.

In this configuration the molecules more space the surface,Acknowledgements

resulting in lower sorption densif$2—43] This suggests that
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