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ABSTRACT

Phosphorous (P) has been recognized as the most critical nutrient limiting productivity. In addition, P release from
sediments has a significant effect on the water quality and may result in continuous eufrophication in eutrophic wetlands.
In this study P release kinetics from sediments and their relationship with sediment composition were investigated,
eutrophication risk index (ERI) and degree of phosphorous saturation (DPS) were used to evaluate the eufrophication risk
of the studied sediments and other influencing factors were also discussed. The result show that total P (TP), organic
matter (OM), (Al,Os+Fe,0O3) and the percentage of sand particles were the important factors affecting the ability of p
sorption. P release process was similar for all studied sediments, consisting of the quick and slow reaction process. The
quick reaction mainly occurred within 0.5h and slow reaction after 0.5h p release occurred within 20h and then reached the
dynamic equilibrium, p release process was dower than p sorption process. Three models (Power function model,
parabolic diffusion model and simple Elovich model) can satisfactorily describe P release kinetics. p release was mainly
affected TP, OM, sorbed Total phosphorous (STP), DPS and sand particles and quick p release was mainly a physical
process. For the dlightly polluted sediments, Al,Oz+Fe,0O; mainly promoted p release. Both DPS and ERI can be used to
evaluate the P-induced wetland eutrophication risk and their threshold values wer 5.9% and 26.1% respectively. Based on
the assessment by DPS and ERI most of the studied sediments were in eutrophication risk for the studied sediments. For
the heavily polluted sediments, Al,Oz+Fe,O3 was significantly correlated with DPS. But for the slightly polluted sediments
it was significantly negatively correlated with DPS and OM, and the sand particle percentage was negatively related to
ERI.
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INTRODUCTION and the factors affecting ERI and DPS were aso
One of the most important factors affecting phosphorous discussed.

(P) concentration of the overlying water in wetlands was

the P release from sediments. The P release may have a MATERIALS& METHODS

significant impact on the water quality and may result in 9 Wetlands of the lower reaches of Tamiraparani River
continuous  eutrophication in  eutrophic  wetlands, Region were chosen in this study. The basic characteristics
especialy when external pollution is reduced. Therefore, of this region and sediment accumulation rates are about
the factors affecting p release processes have been from 0.4 to 1.9 cm per year. Most of those wetlands were
extensively studied over the past years. Most of the p induced and those 9 wetlands represented the major
previous studies focused on the relevant environmental wetland types in this region. The morphometric features
factors eg. temperature, P”, redox potential and and evaluation of eutrophic status for the studied wetlands
hydrological conditions. However the results from were carried out using the comprehensive trophic level
different sediments were sometimes not consistent. Since index methodol ogy that is the common methods.

p release was significantly affected by both physical and Sediment sampling and analyses

chemical properties of the sediments in the middle and 13 sediment cores (ten replicates, 0-10cm) were collected
lower reaches of Tamiraparani River region. Although from the 9 wetlands. The core sampler with 30 cm long
indexes such as total P (TP), total nitrogen (TN) and chl and 5 cm diameter pleriglass cylinder tube was used. The
were used to evaluate the wetland nutrient status, there is sediment samples were taken to the laboratory in seded
still no suitable assessment system for the eutrophication plastic bags that were put in ice boxes and were then
risk of wetlands. The P induced wetland eutrophication freeze dried and ground. Cationic enchange capacity
risk and degree of phosphorous saturation (DPS) was used (CEC) was analyzed using EDTA-NH," method; total
to evaluate the P release risk in soil. The objective of this nitrogen (TN) was measured using the concentrated H,SO,
study was to describe the P release kinetic characteristics digestion method, TP using a modified Williams’s
and to analyse their relationship with sediment method. Organic matter content was estimated as |osses on
composition. In addition both ERI and DPS were used to ignition at 550°C. The grain size distribution was
evaluate the eutrophication risk of the studied sediments, determined using a Master sizer 2000 Laser size analyzer
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and was classified into clay and sand fractions. The
contents of main elements in sediments were measured by
ICP-AES (1CP/6500PE)

Phosphorous sorption index (PSI) was derived from a
single point P sorption isotherm (P sorbed from a single
solution containing 1.5g P Kg™* sediment following a
previous procedure reported. Duplicate samples (Ig) of air
dried sediment were shaken for 18h with 20 ml 0.02 M
KCl solution (to maintain certain ionic strength)
containing 1.5mg P plug three drops of toluene. The p
sorption index (PSI, mg.Kg™ (sorbed p) was calculated by
the quotient X/log C, where X, mg.Kg™ (sorbed P) was
calculated from the difference between P added and P in
the supernatant (C, mg.L™) at equilibrium. The maximum
phosphorous sorption capacity, Qmax (mg.kg-1 dry
weight was calculated according to the Langmuir model
based on the date of phosphate sorption isotherms 0.5 g
dried sediment samples were added in a series of 100 ml
acid washed centrifuge tubes with 50ml of phosphate
solution (anhydrous KH,PO,) The initial concentrations of
0, 2.0, 50, 80, 10.0, 150, 200 p mg* were used
respectively. The centrifuge tubes were capped and placed
at 25°+1° isan orbital shaker at 250 rpm for 25h to ensure
the equilibrium. After equilibrium and centrifugation
(5000 g for 10min) the suspension was filtered through
0.45 mm membrane, and its phosphate concentration was
measured using the ascorbic acid method (AWWA 1998).
The quantity of Sorbed phosphate was calculated through
the decreases of the phosphate concentration in the
solutions. Triplicate experiments were carried out,
standard error deviation was within 5% and the data were
reported as their average.

The degree of phosphorous saturation DPS % can be
obtained according to the following expressions.

DPS (%) = STP 100% /Q max + STP ---------=----
There STP was the sorbed total phosphorous extracted
from 1g sediment by 20ml 0.5m NaHCO3 (pH=8.5) for
24h.

Water samples were collected from just above the
sediment surface (50cm) with acid-washed 60 ml syringes
and were then filtered through 0.45Lm GF/c membranes.
Samples were kept in ice bags before analyses. The
analyses were performed within 25h, and the methods
were according to the ascorbic acid method (AWWA,
1998)

Release kinetic experiments

Phosphorous release experiments were performed in
centrifuge tubes. 0.5 dried sediments samples were added
in a series of 100ml acid washed centrifuge tubes with
50ml of 0.02M KCI solution (to maintain certain ionic
strength). The centrifuge tubes were capped and placed at
25°C £1°Cin an orbital shaker at 250rpm for various time
in intervals between 0 and 48h (0.5, 1.5, 3, 5, 7, 12, 24 and
48h). The sampled solution was immediately centrifuged
at 5000g for 10 min and was then filtered through 0.45 m
G Fc filter membranes. The filtrate was taken for the
soluble reactive phosphorous (SRP) analysis using the
ascorbic acid method (AWWA, 1998). The quantity of the
phosphate released was cal culated through the increase of
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the SRP concentrations in the solution. Both 0.5M
NaHCO; and 0.02M KCI solutions were used for the
extraction of sorbed total phosphorous and the release of
the sorbed phosphate respectively. For al samples,
triplicate experiments were performed and the data are
presented as their average. The results demonstrated the
high reproducibility of the methods and the experimental
error was within 5%.

RESULTS & DISCUSSION

The general features and chemical composition of the
sediments studied. TP varied within a very wide range
from 290 to 2050mg kg, TN from 577 to 513 mg.kg™.
Most sediments had TP>500mg kg™ and TN>1000mg kg*,
reflecting a general phosphorous and nitrogen
accumulation in the sediments. Organic matter contents
ranged from 0.69% to 7.5% and (EC range) from 8.9 to
32.5 meq (100g)™* Al,O; contents from 8.8 to 15.7 and
Fe,O3 from 2.7 to 5.9%. Silt was the major fraction in the
sediments, accounting for 53.9% to 84.2% of the total,
clay was the minor fraction in the sediments accounting
for 3.8% to 7.3% of the total. The determined Q max
ranged from 321.8 to 1058.4 mg kg*, STP from 22.1 to
192.8 mg kg™ PSL. From 16.5 to 37.8mg. 100g™ (umol.L-
1)*. This suggests that the physica and chemical
characteristics of the studied sediments in wetlands varied
greatly and those chosen wetlands were in various
pollution and eutrophication status.

The correlation co efficient of the selected physical and
chemical parametersin the sediments are given.

Qmax Was positively related to TP, OM and Al,Oz+Fe,05
and was negatively related to the percentage of sand
particle. PSI was positively related to Al,Os+Fe,0O3 This
indicates that TP, OM and Al,Os+Fe,O; may be factors
affecting the ability of phosphorous sorption. Higher sand
content may result in the decrease of p sorption ability
since sediments with different sites had different specific
surface areas, and had different effects on the exchange of
phosphate between sediments and overlying water. Further
grains had greater phosphorous sorption capacity and more
suspending potential. Therefore, sediments with higher
portion of sand grains and lower ability of phosphorous
sorption. These results agree with a previous report. TP
was positively related to OM and sand was negatively
related to both PP and OM.

Therelease kinetics of phosphate on sediments

The p release kinetic curves of the studied sediments are
studied. P release process was composed of two steps; the
quick and slow reaction process. The first process was the
quick reaction and then was the dow reaction. The
capacity of P released from the sediments increased
rapidly within 20h. After 20h the capacity gradually
reached a equilibrium. It was reported that the quick
sorption process in sediments mainly occurred within 10h
in thisregion. This indicates that the p release process was
slower than p sorption process.

Phosphate release from the sediments was often analyzed
using kinetic models. In this study the capacity of
phosphate released from sediments increased as time
increased. Three common kinetic models (power function
model, parabolic diffusion model and simple Elovich
model) were used to describe the processes (after 24h
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equilibrium, the capacity of phosphate released per gram
of dry sediment was plotted against time). Those kinetic
models were as follows:

Power function model o=kt*
Parabolic diffusion model : o=B+K /t V2
Simple Elovich model g=B+KInt

Wheret istime (h), q is the p release capacity (mg.kg™ dry
weight), a, B and Kare the constant. All parameters can be
determined by regression of the experimental data. The p
release data were fitted using those kinetic models by non
linear regression with Microca origin software (2002).
Based on R? and SE, it was found that all those three
models can satisfactorily describe the p release kinetics.
The constant K is the release rate constant and indicates
the p release extent, constant B was related to the p sorbed
sediments.

The release rates of the sediment samples with different
sampling within 0.5h were the highest within 48h, ranging
from 0.24 to 12.42 mg/kg.h™). This indicates the quick
release process mainly occurred within 0.5h.

As mentioned earlier the constants K, B and the p release
rate can be used to describe the ability the p release from
the sediments. p release mainly depended on the physical
and chemical properties of the sediments. Both constants
K, B of different kinetic models and p release rate within
0.5h had a significant and positive correlation with STP,
DPS, TP and OM (r=0.87-0.96), P<0.01), and they all had
a strong and negative correlation with a percentage of sand
fraction (r=-073-0.94, P<0.01). This suggests that the p
release was mainly affected by TP, OM, STP, DPS and the
percentage of sand particles. The quick p release was
mainly a physical process.

Pearson correlation coefficient between Al,Os+Fe,0O3 the
estimated kinetic parameters and p release rates are found.
The sediments were divided into two groups, heavily
polluted sediments (TP>500 mg.kg™) and slightly polluted
sediments TP<500mg.kg™). It isinteresting to note that the
relationship between the estimated kinetic parameters, p
release rate and Al,Os+Fe,0; was totally different for the
heavily and dightly polluted sediments.

For the dlightly polluted sediments there existed a
significant and negative relationship between them and for
the heavily polluted sediments there existed a significant
and positive relationship. Al,Oz+Fe,03 was an important
factor affecting the p release due to their specific surface
and the higher Al,Os+Fe,05 content promoted p sorption
and restrained p release. This is true for the dightly
polluted sediments but not for the heavily polluted
sediments. This may be related to the effects of OM and
Al,Os+Fe,0;. The Affecting factors of the risk of
phosphorous rel ease.

The P sorption on sediments was related to many factors.
Among them the physical and chemical properties of the
sediments were the most important factors. For the whole
sediments and the heavily polluted sediments. DPS was
significantly correlated with TP, OM and STP. But it was
negatively related to the sand fraction percentage.
Al,Os+Fe,0; were not correlated to DPS for the whole
sediments. But it was significantly correlated for the
heavily polluted sediments. For the dightly polluted
sediments DPS was only significantly correlated to OM
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and the significant and negative relationship between DPS
and Al,Os+Fe,0O; was observed. This may be because
there was a notable accumulation of Al,Os+Fe,0O3
precipitation process when wetlands were developed.
Similar results were aso reported in other areas.
Al,Os+Fe,0; was a main factor affecting the phosphate
sorption capacity due to it specific surface. In some cases,
the phosphate sorption sites were occupied by Al,O; and
Fe,O; and DPS was higher. PSI was positively related to
Fe, Fe+tAl, TOC, CEC, TP and IP. Therefore ERI may be
also related to the physical and chemical properties of the
sediments. But in this study, the expected correlations
were not observed except the percentage of sand fraction.
Correlated for the heavily polluted sediments, for the
dlightly polluted sediments, DPS was only significantly
correlated to OM and the significant and negative
relationship between DPS and Al,Os+Fe,O; was observed.
In some cases, the phosphate sorption sites due to its
specific sites were occupied by Al,Oz and Fe,Oz and DPS
was higher. The phosphate sorption capacity was
negatively related to Al,O; and Fe;Os. This process may
be an important mechanism for the removal of P from the
overlying water in this region, although this aspect needs
to be further investigated.

PS; was positively related to Fe, FetAl, TOC, CEC, TP
and IP. Therefore ERI may also be related to the physical
and chemica properties of the sediments. But in this
study, the expected correlations were not except the
percentage of sand fraction. This indicates that among the
physical and chemical propertiesin the studied sediments,
only the relationship between sediments, only the
relationship between the percentage of sand fraction ERI
was significant and negative (R?=0.84, P<0.01). It is
suggested that the great variety of the selected physical
and chemical characteristics of the studied sediments was
one of the reasons. In this study, ERI had a strong and
negative correlation with the percentage of sand particles.
This suggests that the p release was mainly a physical
process. The higher the percentage of the sand particlesin
the sediments, the cower the P release risk.

CONCLUSION

The selected physical and chemical characteristics of the
studied sediments varied greatly. TP, OM, Al,O3+Fe,03
and the percentage of sand particles were the important
factors affecting the ability of P sorption.

P release process from the sediments was similar; the first
process was the quick reaction and mainly occurred within
0.5h, and then the slow reaction. The P release occurred
within 20h and then reached a dynamic equilibrium, and P
release process was slower than P sorption process.

Both power function model, parabolic diffusion model and
Simple Elovich model can satisfactorily describe the P
release kinetics in the sediments. The P release was mainly
affected by TP, OM and STP, DPS and the percentage of
sand particles, and the quick P release was mainly a
physical process. For the dightly polluted sediments
Al,Os+Fe,0; restrained P release, and for the heavily
polluted sediment organic matter and Al,Os+Fe,0;
promoted P release.

Both DPS and ERI can be used to evaluate the P-induced
wetland eutrophication risk, and the threshold values were
6.6% and 25%, respectively. The results shows that most
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of studied sediments were in eutrophication risk. For the
whole sediments and the heavily polluted sediments DPS
was significantly correlated with TP, OM and STP, and it
was negatively related to the sand fraction percentage.
Al,Os+Fe,0O; was not correlated to DPS for the whole
sediments, but they were significantly related for the
heavily polluted sediments. For the dightly polluted
sediments DPS was only significantly correlated to OM,
and there existed a significant and negative relationship
between DPS and Al,Os+Fe,O; The percentage of the
sand particle was negatively related to ERI.

REFERENCES

Abrams, M.M. and Jarrell, W.M. (1995) Soil-Phosphorous
as a potential non-point source for elevated stream
phosphorous levels. Journal of Environmental Quality, 24,
132-138.

Anderson, J.M. (1974) Nitrogen and phosphorous budgets
and the role of sediments in six shallow Danish Lakes.
Archive fur Hydrobiologie, 74, 527-550.

AWWA, APHA, WPCE (1998) Standard Methods for the
Examination of Water and Wastewater. Washington DC:
Amercian Public Heath Association.

Benft, B., Jens, M.A., and Siegfried, F. (1988) Exchange
of phosphorus across the sediment-water interface.
Hydrobiology, 170-229-244.

Bostrom, B (1988) Relations between chemistry,
microbial biomass and activity in sediments of a polluted
vs. a non polluted eutrophic lake. Verhandlung der
Internaationaleny Vereinigung fur Theoretische and
angewandte Limnology, 23, 451-459.

Cai, Q. M. Gao, X.Y., Chen, Y.W., Ma, SW., & Dokulil,
M. (1997) Dynamic variations of water quality in Taihu

232

Lake and multivariate analysis of its influential factors (in
Chinese). Journal of Chinese Geography, 7, 72-82

Das, B.M. (1990) Principles of geotechnical Engineering.
(2nd edition), PWS-KENT, Boston, MA. Fan, C.S,, Ji, J.,
Zhang, W.H., Wu, Q.B., Chen K.N., & Chen, Y.M.
(1997). Comprehensive evauation and preliminary
prediction for water quality and eutrophication of Gonghu
Bay (in Chinese). Transactions of oceanography and
limnology, 3, 18-24.

Gao C., Zhang, T.L. & Wu, W.D. (2001) Phosphorous
sorption and desorption of agricultural soils under
different land uses (in Chinese). Environmental Science,
22(4), 67-72.

Kim, L.H., Euiso, C. and Michaedl, K.S. (2003) Sediment
characteristics, phosphorus types and phosphorus release
rates between river and lake sediments. Chemosphere, 50,
53-61

Liu, H.L., Jin, X.C., & Jing, Y.F. (1999) Environmental
dredging technology of lake sediment (in Chinese).
Chinese engineering science, (1), 81-84.

Qin, B.Q. (2002) Approach to mechanisms and control of
eutrophication of shallow lakes in the middle and lower
roaches of the Y angtze River (in Chinese). Journal of Lake
Science, 14, 193-202.

Lijklema, L. (1980) Interaction of orthophosphate with
iron 111 and aluminum hydroxides. Environmental Science
and Technology, 14, 537-541.

Lopez P., Lluch, X., Vidal, M. & Morgui, JA. (1996)
Absorption of Phosphorous on Sediments of the Balearic
Island (Spain) Related to Their Composition. Estuarine,
Coastal and Shelf Science, 42, 185-196.



