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Abstract:

Sediment-water interaction is a complicated process;
hence, it is essential to know the potential mobility of
an element from sediment to the aquatic environment.
In this study, the potential mobility of phosphorus (P)
in sediment from Can Gio was investigated. Three
single extractions were applied including a mild salt
(NH,Cl), an acid (HCI), and a base (NaOH) each
representing different environmental factors during
sediment resuspension. Other geochemical parameters
were also determined. The total amount of P in the
sediments varied from 320.41 mg/kg to 668.22 mg/kg
in five sampling sites. The general range of potential
mobility of P decreased as follows: P-mild (3.70-

13.13 mg/kg) < P-base (36.80-78.53 mg/kg) < P-acid
(133.85-380.57 mg/kg). Although P-acid was not

easily released to the environment, its relatively high
concentration can affect the aquatic environment when
the environment becomes acidic.
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Introduction

In natural ecosystems, phosphorus (P) is not only a major
nutrient controlling eutrophication but it is also a limiting nutrient
in many aquatic systems [1, 2]. Besides aquatic plants and algae,
sediment is considered as the main contributor of P to the aquatic
system from internal sources [3]. Phosphorus can exist in several
forms in sediments with different mobilities, however, not all the
fractions of P in sediments are likely to be released and become
bioavailable in a water environment [4]. Knowledge of the
potential release of P from sediment is useful since it can serve as
indicators of the potential of P loading contributions to the water
environment [3]. Fractionation of P by sequential extractions are
often used to evaluate the potential release as well as the origin
of P in the sediment [4, 5]. There are several extraction tests for
sediments, including single extractions and sequential extractions,
each with different purposes and implications. However,
sequential extractions, which are laborious and time consuming,
will not be applied in the present study. Single extractions with
reagents representing different environmental conditions that
the sediments might encounter during resuspension is a fast,
simple, and relatively cheap way to assess the potential release of
elements from sediments to the water environment [6]. Hence, it
is recommended as a useful tool for water managers on a routine
basis to calculate the releasable P stock in sediment [4].

Can Gio, a coastal district of Ho Chi Minh city, has a large
area covered by a mangrove forest that was designated as a
Biosphere Reserve by UNESCO [7]. As home to a tropical
mangrove ecosystem, Can Gio is a dynamic transitional coastal
ecosystem where natural and anthropogenic impacts are mixed [8].
The major sources of nutrients in this area are the decomposition
of organic matter by litter mineralization in the mangrove forest,
effluents from aquaculture activities, and municipal sewage [9]. As
a transitional ecosystem, mangrove is also considered as a barrier
retaining nutrients (N and P) [10]. However, mangrove sediments
can also act as a source of nutrients for the water environment
due to mineralization [11]. Recently, some work has been done to
understand the behaviour of nutrients in the Can Gio mangrove
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system. However, their research was focused on evaluating the
nutrient status of reforested and natural mangrove stands with
different site-specific species [12] or the influence of vegetation,
tidal cycles, and seasonality to the dissolved inorganic nutrient
concentrations in porewater [9].

The objective of this research is to assess the potential release
of P during the resuspension of sediments in the Can Gio area.
Moreover, instead of simply using the total P (TP), this study
applies the single extraction to provide information about the
fractions that compose the P load. By using single extraction, this
study aims to prove that single extraction can be a valuable tool
for environmental management. This kind of study can provide
information about the role of the internal release of P from the
sediment, which is helpful to local managers in terms of water
quality management since most of the water quality protection
policy has put the focus on reducing the external source without
considering an internal source from sediment.

Materials and methods
Sampling

The study area is located in Can Gio district, Ho Chi Minh
city, Vietnam. Surface sediments (approximately 1 kg each) were
collected in the dry season in 2017 (Fig. 1). Sampling sites S1,
S2, and S3 were located in a densely populated shrimp farming
settlement. On the other hand, sampling sites S4 and S5 were
located in the core zone of the mangrove forest. To get a good
representation of the system, a sample was composed of 5 sub-
samples at each sampling site. After collection, the samples were
placed in sealed plastic bags and transported to the University of
Science (Ho Chi Minh city, Vietnam) in a cooler box. The samples
were air-dried, homogenized in a porcelain mortar, and sieved over
a 2 mm mesh sieve.

#®  Can Gio district

I_____ il

Fig. 1. Map of the sampling sites in the studied area (map was
modified based on the satellite image provided by Google
Earth, 2020).

General sample characterization

Organic carbon (OC) was inferred from the organic matter
determined by the Walkley and Black manual titration method
[13]. Grain size distribution was determined by sieving and
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hydrometer methods [14]. The pH of each sample was measured
in water (1:5 ratio w/w). The total elemental (Al, Ca, Fe, K, Mg,
P) content of the samples were determined after digestion by the
so-called 3 acids digestion method (HNO,, HCIO,, HF). About
0.5 g of dried sediment sample was digested with an acid mixture
containing HCI (4 ml), HNO, (2 ml), and HF (2 ml)ina Teflon
beaker on a hot plate. After digestion, the residue was dissolved
with HCI 2.5 mol/l. The major elements (Al, Ca, Fe, K, Mg) in
the digested solutions were analysed with ICP-OES (Perkin Elmer
Optima 7300 DV) while P was determined by the molybdate blue
method of Murphy and Riley (1962) [15].

Single extraction

Single extraction was carried out by three independent batches
with different reagents and conditions. A mild salt (1 M NH,CI),
an acid (0.5 M HCI), and a base (0.1 M NaOH) [16] were used to
assess the three forms of phosphorus existing in the sediment i.e.
P-Ca/Mg (apatite P), P-Al/Fe (non-apatite P), and weak bonding
P. The original extraction scheme was a sequential protocol
and developed by Hieltjes & Lijklema (1980) [17]. However, it
was modified to include different independent steps that are not
sequential as in [16]. This single extraction was applied in the
present study since it is simple and practical [4]. About 1 g of dried
sediment was weighed into a centrifuge tube and then 10 ml of 1 M
NH,Cl was added. The sediment was extracted by shaking for 2 h.
All the supernatant was collected and another 10 ml of 1 M NH,Cl
was added to the residue. This mixture was shaken by another 2
h. The solution was centrifuged at 3500 rpm for 10 min. The latter
and the first solution were mixed together and measured for weak
bonding P (P-NH,CI). Another 0.1 g portion of the dried sediment
was weighed into a centrifuge tube, then 5 ml of 0.5 M HCI was
added and the solution was shaken for 24 h. On the following day,
the collected supernatant was measured for apatite P (P-HCI). For
the base extraction, 10 ml of 0.1 M NaOH was added to 1 g of
sediment and shaken for 17 h. The supernatant was measured for
non-apatite P (P-NaOH). All the extractions were carried out at
room temperature. After each extraction step, the samples were
centrifuged (3000 rpm for 10 min) and the phosphorus in the extracts
was determined accordingly. All P forms were expressed as the
amount of P in milligrams per kilogram of sediment (mg/kg) taking
into account the volume of extraction solvent for each extraction.

Quality assurance and quality control

All reagents were of analytical grade. For each sample,
duplicate (total element concentrations and single extractions)
or triplicate (pH and organic matter) analyses were performed to
ensure the analytical precision and reproducibility. Results are
displayed as the averages of the replicates. Duplicate blanks were
also inserted into each batch.

Results and discussion
Sediment characteristics

General characteristics (fine fraction, pH, organic matter):
the average of the fine fraction (FF) (<63 um, silt and clay), OC,
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pH, and elemental concentrations in the sediment are presented
in Table 1. Grain size analysis revealed the dominance of fine
fraction (>90%) and the values were rather uniform between the
sampling sites. The pH values in the sediments indicated an acidic
to neutral medium (6.30-7.30). The amount of organic carbon in
sediments varied from 2.24 to 3.66% and exhibited slightly higher
values in the core zone of the mangrove forest (S4-S5). This could
be explained by the high biological productivity in sediments
associated with mangrove [18].

Table 1. The average of the fine fraction (FF) (<63 pm, silt and
clay), OC, pH, and elemental concentrations in the sediment.

Parameter  Unit Site

s 2 $3 54 S5 Average  Average

S1-83  §4-§5
pH 6.30  6.50 6.37 730 729 639 7.29
oC % 224 290 3.30 3.66  3.04 281 3.35
FF % 99.62 9892 9790  90.18 9793  98.81 94.06
Al gkg 772 795 81.2 61.3 509 793 56.1
Fe gkg 434 448 4.0 393 449 434 4.1
Ca gkg 38 24 2.5 35 19 2.9 2.1
Mg g/kg 133 11.7 10.9 11.1 8.1 11.9 9.6
TP mgkg 668 575 431 645 320 558 483
OC:TP 34 50 71 57 95 53 76

Major element and total phosphorus: among the sampling sites,
the concentration of Fe in the sediments did not change much from
39.3 to 44.9 g/kg (Table 1), while the Al concentration varied over
a much wider range from 50.9 to 81.2 g/kg. The sediment at sites
S1-S3 had a higher content of fine fraction and Al in comparison
to S4-S5, which suggests higher content of clay minerals in S1-
S3 since Al is considered representative for clay minerals [19].
Data of Al in Can Gio area is rather limited making it difficult
to compare. However, Al content was slightly higher than those
reported in other studies in the mangrove forests of other countries
[1]. Iron content was in the same range of those in other studies
conducted in particulate sediments in Can Gio [20] as well as other
mangrove forest sediments [1]. Generally, Ca concentrations were
very low with a minimum of 1.9 and a maximum of 3.8 g/kg. The
concentration of TP in the sediments were moderately different
from each other and ranged from 320 to 668 mg/kg (Table 1). Total
phosphorus in the sediments was higher than those observed in the
previous study carried out in the Can Gio area (87-306 mg/kg) [21]
but more or less in a similar range to another study in a mangrove
forest in India (360-550 mg/kg) [18]. The higher content of TP in
the present study might be attributed to the completed digestion of
the samples by using a mixture of HCI , HNO, , and HF . The
use of HF is believed to digest minerals associated with a silicate
matrix, which is difficult to be digested using other acids and thus
results in higher TP [22].

Single extractions

The results from the single extractions are presented in Fig. 2.
Apatite P was the main form of P in all the investigated sediments,

£ Vietnam Journal of Science,

#Technology and Engineering

which ranged from 133.85 to 380.57 mg/kg and thus represented
31 to 62% of their total P pools. Generally, acid-soluble P is
considered as apatite P (Ca- and Mg-bound P) [23]. However, a
small amount of P fraction that is absorbed into amorphous Fe
oxides, FeS, and Fe phyllosilicates is also dissolved during this
extraction [24]. The second most important form of P was non-
apatite inorganic P. This form ranged from 36.80 to 78.53 mg/
kg, thus representing 7 to 14% of the total P pools. Non-apatite
P includes P bound to Al, Fe, and Mn (hydr)oxides [3]. Samples
having a relatively higher apatite P amounts are expected to have
higher pH values while samples having a relatively higher non-
apatite P amount are expected to have lower pH values. This is due
to the fact that elevated adsorption of P into the Al and Fe (hydr)
oxides are observed at lower pH values, whereas precipitation
of P with CaCO3 compounds occurs at higher pH values [25].
However, this assumption was not observed in the present study.
The lowest form of P was weak bonding P, which only contributed
to 1-2% of the total P pool (ranging from 3.70 to 13.13 mg/
kg). This fraction of P is considered as loosely bound, labile, or
exchangeable P because NH,Cl is used to extract P adsorbed by
exchange sites [17]. However, small amounts of P associated with
Al and Fe compounds are also dissolved during this extraction [4].

mg/kg
500

P pool (mg/kg)
H Weak bonding P

400 - = Non- apatite P

A\t Apatite P

300 -
200

100 -

0 -

S1

Sampling sites

Fig. 2. Concentrations of different P-forms from single
extractions.

Environmental implications

Pollution of sediments based on the TP can be classified as
no P pollution (TP<500 mg/kg), medium pollution (500 mg/
kg<TP<1000 mg/kg), and pollution (TP>1000 mg/kg) [5]. The
results indicated that the status of the investigated sediment is from
no P pollution to medium pollution.

Based on the relationship between TP and other geochemical
characteristics (organic matter or major elements), preliminary
information about the potential release and the origination of P
in the sediments may be predicted. Reddy and Delaune (2008)
[26] concluded that mineralization of organic phosphorus and
OC:TP ratio is inversely related. Hence, the lower OC:TP ratio
results in the higher potential release of P from organic matter
[27]. Among the studied sediments, S1 had the lowest OC:TP
and this site is predicted to have the highest mineralization and
subsequently highest release of P from organic matter. However,
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organic phosphorus is known to be very stable and thus requires
a long time to be degraded. The OC:TP ratios (by weight) of S2
to S5 (50-95) were higher than the Redfield ratio [28], which
indicates that the organic matter is not enriched with phosphorus
[27]. Hence, it can be inferred that most of the P in the investigated
sediments (except S1) are associated with inorganic compounds. It
is reported by Jensen, et al. (1992) [29] that the ratio of total iron
to total phosphorus (Fe:TP ratio) in the sediment is an indicator for
the release of P into the water environment. Sediments with Fe:TP
over 15 (by weight) release relatively less P in anoxic conditions
whereas Fe:TP ratios below 10 seem to be unable to retain P [29].
This is due to the fact that the formation of minerals of Fe (II) and
P is favoured when there is A high availability of Fe in sediment
[30]. The ratio of total iron to total phosphorus (Fe:TP ratio) of the
sediments in Can Gio was higher than 15, suggesting a low release
of P from iron minerals.

Although the total concentration of P can provide information
on the current pollution status and the ratio of TP to other elements
in sediments may help to predict P-leaching, they do not allow
the assessment of the mobility of P into the water environment.
Single extractions may give some information about the mobility
of P under changing environmental conditions. To assess the
potential release of P as an internal load from sediment to the water
environment, two P-pools were characterized as mobile P and non-
mobile P. The mobile P was determined by the sum of the weak
bonding P, apatite P, and non-apatite P form, which is the P that
can be released when external environmental conditions change.
The difference between TP and the mobile P represents the non-
mobile sediment P pool (Fig. 3). The mobile P forms ranged from
41 to 49% (S1-S3) and 73 to 75% (S4-S5). Hence, it seems likely
that mangrove forest sediments are more sensitive to P release. As
mentioned above, sediments in S1-S3 had a higher content of clay
materials, Fe, and Al, and thus had a better ability to adsorb and
retain P than the sediments in S4-S5. Different forms of P are of
different significance in terms of environmental meaning [4]. The
potential mobility of P increased as follows: weak bonding P <
non-apatite P < apatite P. This order agreed well with the findings
of other studies [2, 14]. Phosphorus extracted by mild extraction
with NH4CI is known as the most labile P among investigated
forms of P. Hence, weak bonding P can be represented by the
immediately available P when sediment is resuspended in water.
The result obtained from NH4CI extraction in this study was quite
low (1-2%) and similar to Kapanen (2008) [16] who found a low
extraction yield of P (1% of the TP) in the sediment samples. This
indicated that sediments in Can Gio have a poor leachability of P
during resuspension in water.

The concentration of the non-apatite P representing P bound
to metals is also used to estimate the available algal P [31]. This
form of P is sensitive to changing redox conditions [3]. When the
sediment becomes anaerobic, Fe(Ill) binds lightly with P and is
reduced to Fe(II), which is more soluble and can be more readily
exchanged with the solution [21]. Therefore, non-apatite P can
act as a source of P under anoxic conditions. The concentration
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of non-apatite P present in the sediment in Can Gio (44-79 mg/
kg) was higher than the concentration found in normal sediments
in Estonia (11.95-39.43 mg/kg) [16], but in the lower range of
sediments in a eutrophic area of Brazil (119-279 mg/kg [3]) and
Norway (480-710 mg/kg [30]).

% as TP = mobile P ® non-mobile P

100 -
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S1 S2 S3 sS4 S5
Sampling sites

Fig. 3. The relative contributions of mobile and non-mobile
forms to the total P pool.

Among the mobile forms, the dominant form of P in Can Gio
sediments was apatite P (Fig. 3). This form corresponds to P bound
to calcium, including apatite-P and P bound to carbonates [4].
The amounts of apatite P present in the Can Gio sediments (134-
381 mg/kg) were similar to the values obtained in other studies
(154.23-570.90 mg/kg [16], 260-350 mg/kg [30], 46-366 mg/kg
[3]). Apatite-P is observed to be the main form of P in mangrove
sediment based on its stability under the redox variations [27]. This
form is considered to be non-bioavailable and difficult to release,
however, under weakly acidic conditions, it can be partly released
[32]. Therefore, the result from the P-HCI extraction is useful to
assess the potential mobility of P when the external pH decreases.
Results from single extraction indicated that acidification has
a more profound impact on P-leaching of sediments in Can Gio
compared to changing redox condition because apatite P is much
higher than non-apatite P. However, non-apatite P can be mobilized
and turn into an internal P source in anoxic conditions [3]. Hence,
non-apatite P is also an important pool in terms of the potential
release of P from Can Gio sediments due to the fact that most of
the sediments in Can Gio are affected by periodic tidal forces and
inundation [9]. Therefore, reducing the loading of P by improving
the quality of wastewater being discharged into public water ways,
as well as avoiding drastic acidification of the sediment, would be
helpful in preventing pollution from P release.

Conclusions

The sediments investigated in Can Gio are characterized
by low-to-medium P concentrations, which reflects a sediment
status ranging from no pollution to medium pollution of P. Single
extractions were useful to assess the potential release of P when the
external environment changes. Results from the single extractions
indicated that the mobile form of P was dominant in the core zone
of the mangroves (71-75%), which suggests that these mangrove
sediments have the potential to act as a source of phosphorus in the
aquatic environment. The mobile-P consisted mainly of apatite P
(31-62%), while non-apatite P and weak bonding P only contributed
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a minor part (1-14%) to the studied sediments. Although apatite P
is considered to be non-bioavailable and difficult to release, it may
attribute to the permanent pool of P in sediments. Therefore, these
fractions are considered as a source for internal P-loading to the
water environment.

ACKNOWLEDGEMENTS

This research is funded by Vietnam National University, Ho
Chi Minh city (VNU-HCM) under grant number C2020-18-16.

COMPETING INTERESTS

The authors declare that there is no conflict of interest
regarding the publication of this article.

REFERENCES

[1] P. Ranjan, A.L. Ramanathan, A. Kumar, R.K. Singhal, D. Datta, M.
Venkatesh (2018), “Trace metal distribution, assessment and enrichment in the
surface sediments of Sundarban mangrove ecosystem in India and Bangladesh”,
Mar. Pollut. Bull., 127, pp.541-547.

[2] B. Gunduz, F. Aydin, 1. Aydin, C. Hamamci (2011), “Study of phosphorus
distribution in coastal surface sediment by sequential extraction procedure (NE
Mediterranean Sea, Antalya-Turkey)”, Microchem. J., 98 (1), pp.72-76.

[3] H. Cavalcante, F. Aratjo, N.P. Noyma, V. Becker (2018), “Phosphorus
fractionation in sediments of tropical semiarid reservoirs”, Sci. Total Environ.,
619(620), pp.1022-1029.

[4] C. Wang, Y. Zhang, H. Li, R.J. Morrison (2013), “Sequential extraction
procedures for the determination of phosphorus forms in sediment”, Limnology,
14(2), pp.147-157.

[5] L. Cheng, et al. (2019), “A 30-year record of sedimentary phosphorus
species in a coastal salt marsh southwest of Hangzhou Bay, China”, Cogent
Environ. Sci., 5(1), pp.1-13.

[6] V. Cappuyns (2012), “A critical evaluation of single extractions from the
SMT program to determine trace element mobility in sediments”, Appl. Environ.
Soil Sci., 2012, pp.1-15.

[7]1 V.Q. Tuan and C. Kuenzer (2012), Can Gio Mangrove Biosphere Reserve
Evaluation 2012: Current Status, Dynamics, and Ecosystem Services, International
Union for the Conservation of Nature, [UCN, 109pp.

[8] S. McDonough, W. Gallardo, H. Berg, N.V. Trai, N.Q. Yen (2014),
“Wetland ecosystem service values and shrimp aquaculture relationships in Can
Gio, Vietnam”, Ecol. Indic., 46, pp.201-213.

[9] P. Taillardat, et al. (2019), “Assessing nutrient dynamics in mangrove
porewater and adjacent tidal creek using nitrate dual-stable isotopes: a new
approach to challenge the outwelling hypothesis?”, Mar. Chem., 214, DOI:
10.1016/j.marchem.2019.103662.

[10] A. Aschenbroich, et al. (2015), “Spatio-temporal variations in the
composition of organic matter in surface sediments of a mangrove receiving
shrimp farm effluents (New Caledonia)”, Sci. Total Environ., 512-513, pp.296-
307.

[11] T Dittmar, N. Hertkorn, G. Kattner, R.J. Lara (2006), “Mangroves,
a major source of dissolved organic carbon to the oceans”, Global Biogeochem.
Cycles., 20(1), pp.1-7.

[12] L.F. Oxmann, Q.H. Pham, L. Schwendenmann, J.M. Stellman, R.J.
Lara (2010), “Mangrove reforestation in Vietnam: the effect of sediment
physicochemical properties on nutrient cycling”, Plant Soil, 326(1), pp.225-241.

[13] D.W. Nelson and L.E. Sommers (1982), Total Carbon, Organic Carbon
and Organic Matter, pp.539-579, https://acsess.onlinelibrary.wiley.com/doi/
pdf/10.2134/ agronmonogr9.2.2ed.c29.

£ Vietnam Journal of Science,

#Technology and Engineering

[14] K.H. Head (1992), Manual of Soil Laboratory Testing Volume I - Soil
Classification and Compaction Tests (2nd edition), Pentech Press, 388pp.

[15]J. Murphy and J.P. Riley (1962), “A modified single solution method for
the determination of phosphate in natural waters”, Anal. Chim. Acta, 27, pp.31-36.

[16] G. Kapanen (2008), “Phosphorus fractionation in lake sediments”, Est.
J. Ecol., 57(4), pp.244-255.

[17] A. Hieltjes and L. Lijklema (1980), “Fractionation of inorganic
phosphates in calcareous sediments”, J. Environ. Qual., 9, pp.405-407.

[18] A.L. Ramanathan, R.K. Ranjan, M.B.K. Prasad, R. Chauhan, G. Singh
(2010), “Sediment - nutrient dynamics in selected Indian mangrove ecosystems
- land use and climate change implications”, International Association of
Hydrological Sciences, 337, pp.84-92.

[19] B. Rubio, M. Nombela, F. Vilas (2000), “Geochemistry of major and
trace elements in sediments of the Ria de Vigo (NW Spain): an assessment of
metal pollution”, Mar. Pollut. Bull., 40(11), pp.968-980.

[20] N. Thanh-nho, E. Strady, T. Nhu-trang, F. David, C. Marchand (2018),
“Trace metals partitioning between particulate and dissolved phases along a
tropical mangrove estuary (Can Gio, Vietnam)”, Chemosphere, 196, pp.311-322.

[21] L.T. Loi (2008), Effect of Hydrology on Mangrove Ecosystems: Effect
of Hydrology on the Structure and Function of Mangrove Ecosystems in the Can
Gio Mangrove Biosphere Reserve, Vietnam, LSU Doctoral Dissertations, 232pp.

[22] J. Ne’mery and J. Garnier (2007), “Origin and fate of phosphorus in the
Seine watershed (France): agricultural and hydrographic P budgets”, J. Geophys.
Res., 112(G03012), pp.1-14.

[23] G.M. Pierzynski (2000), Methods of Phosphorus Analysis for Soils,
Sediments, Residuals, and Waters, Southern Cooperative Series Bulletin No.
#396, 110pp.

[24] J. Deborde, C. Marchand, N. Molnar, L. Patrona, T. Meziane (2015),
“Concentrations and fractionation of carbon, iron, sulfur, nitrogen and phosphorus
in mangrove sediments along an intertidal fradient (semi-arid climate, New
Caledonia)”, J. Mar. Sci. Eng., 3(1), pp.52-72.

[25] J.F. Oxmann and L. Schwendenmann (2015), “Authigenic apatite and
octacalcium phosphate formation due to adsorption-precipitation switching across
estuarine salinity gradients”, Biogeosciences, 2(3), pp.723-738.

[26] K. Reddy and R. Delaune (2008), Biogeochemistry of Wetlands: Science
and Applications, CRC Press, 387pp.

[27] MM. Joseph, C.S.R. Kumar, K.R. Renjith, T.R.G. Kumar, N.
Chandramohanakumar (2011), “Phosphorus fractions in the surface sediments of
three mangrove systems of southwest coast of India”, Environ. Earth Sci., 62(6),
pp-1209-1218.

[28] R.E. Hecky, P. Campbell, L.L. Hendzel (1993), “The stoichiometry
of carbon, nitrogen, and phosphorus in particulate matter of lakes and oceans”,
Limnol. Oceanogr., 38(4), pp.709-724.

[29] H.S. Jensen, P. Kristensen, E. Jeppesen, A. Skytthe (1992), “Iron:
phosphorus ratio in surface sediment as an indicator of phosphate release from
aerobic sediments in shallow lakes”, Hydrobiologia, 235, pp.731-743.

[30] K. Lukawska-Matuszewska, R.D. Vogt, R. Xie (2013), “Phosphorus pools
and internal loading in a eutrophic lake with gradients in sediment geochemistry
created by land use in the watershed”, Hydrobiologia, T13(1), pp.183-197.

[31] Q.X. Zhou, C.E. Gibson, Y.M. Zhu (2001), “Evaluation of phosphorus
bioavailability in sediment of three contrasting lakes in China and the UK”,
Chemosphere, 42, pp.221-225.

[32] L. Li, L. Liu, S. Wang (2015), “Spatial distribution ofphosphorus
fractions in sediment and the potential mobility of phosphorus in Dianchi lake”,
Environ. Earth Sci., 74, pp.3721-3731.

DECEMBER 2020 « VOLUME 62 NUMBER 4



