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The Chilika Lagoon is the largest brackish water ecosystem in the Asian continent and is a Ramsar site.
Here, the sorption–desorption study was standardized simulating the environmental condition of the
Chilika, to ascertain whether phosphorus (P) is the source or sink for sediments of the coastal ecosystem.
The sorption behaviour of sediment phosphorus was better Btting into the modiBed Langmuir model. The
eAects of salinity, pH, and temperature on phosphorus sorption were found to be better understood by
nonlinear relationships. The sorption was recorded to increase at its lower concentrations with increasing
of mentioned parameters, when it decreased beyond some threshold values. The maximum phosphorus
sorption capacity (Qmax) was more (258 mg/kg) in the freshwater stretch of the lagoon; Northern Sector
compared to the relatively saline stretches, i.e., Outer Channel (219 mg/kg) and Southern Sector
(237 mg/kg) (p \ 0.05). This study will help to control eutrophication by increasing P sorption.
Keywords. Adsorption; desorption; isotherm models; brackish water lagoon.

1. Introduction
The phosphate buAering mechanism in estuarine,
coastal, and ocean systems maintains the water
phosphate concentration at a nearly unchanged
level despite sediment dynamics, allochthonous
input of the element, and its biological removal
(Mandovi estuary; Pomeroy et al. 1965). It is
widely recognised that pH buAering is also essential
for such systems where the sediments play a vital
role in regulating the H+ ion concentrations

(Pomeroy et al. 1965; Sundby et al. 1992). In
coastal lagoons, a significant amount of phosphorus
often remains in the inorganic pool as calcium
bound phosphorus (Ca-P) and is readily available
for release to the water column. This understanding has been derived from two different types of
observations. First one is that the higher concentration of phosphate in coastal lagoon water occurs
due to the mixing of the river water with the relatively saline brackish or seawater. During mixing,
phosphate gets released from bottom sediments
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and/or suspended particulates. The second one is
from the laboratory experimentation in simulated
conditions, which reported the release of a significant amount of phosphate into or adsorbed from
solution due to the mixing of water of coastal
ecosystems with river waters having a considerable
amount of transported sediments. Many workers
(Stephenson 1949; Gessner 1960; Chen et al. 2016;
Bai et al. 2017) have carried out such experiments
and the significant Bnding established is that, when
phosphate solution is added to the suspensions of
sediment, it adsorbs additional phosphate as the
concentration of phosphate in the water column
increases. This important behaviour of phosphate
with sediments, their interactions, etc., takes place
by the uptake and release of dissolved phosphate
via a two-step process: initial rapid surface
adsorption/desorption of PO43 onto/oA of reactive surfaces and subsequent slow penetration (or
release) by solid-state diffusion of this surface
phosphate into/out of subsurface zone within the
particles (Barrow 1983).
The Brst step, i.e., the adsorption and desorption
process occurring on the particle surface has fast
kinetics in the range of minutes to hours. On the
contrary, the solid-state diffusion of phosphate
from the surface into the core of the particles is
having slow kinetics, and remains in the range of
days to months or probably in years (Novak and
Petschauer 1979). The desorption of phosphate
takes place when the water column concentration
becomes low. A molecular diffusion process is
established due to the gradient in phosphate concentration between the outer surface of sediments
and the surroundings or overlying water. At equilibrium condition, the amount of adsorbed and that
of the desorbed P are equal, i.e., the rates of the
forward (adsorption) and reverse (desorption)
reactions are the same. When an external source
supplies an additional amount of phosphate, more
phosphate gets adsorbed onto surfaces to balance
the equilibrium.
On the other hand, in case the concentration of
phosphate falls in the solution due to its consumption or removal, then phosphate would be
released from the solids. Under the reducing
condition, phosphate gets released into pore water
from deeper portion of the sediment column by
anaerobic decomposition of organic substances
and reductive dissolution of iron oxy-hydroxides
(Sundby et al. 1992). Molecular diffusion, bioturbation and gas ebullition, etc., transfer phosphate
to the oxidized sediment surface where it may get
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reabsorbed on the remaining adsorption sites. If
all the adsorption sites are occupied, it comes out
of the sediment and gets released on to the
overlying water column. Again, the physical and
biological processes transport P downward into
the deeper reducing region of the sediment column. Lagoon Chilika has been studied concerning
its geological features by several researchers
(Bhattacharya et al. 1994; Barik et al. 2019a, b, c;
Mukherjee et al. 2019). Eutrophication plays a
significant role in phosphorous behaviour in the
coastal lagoon (Barik et al. 2019a, b, c; Berthold
and Schumann 2020). Soil phosphorus dynamics
could be greatly inCuenced by soil properties such
as pH, salinity, particle size, and wetland
hydrology through aAecting P sorption and desorption capacities (Reddy and De Laune 2008; Li
et al. 2016). As P is a limiting nutrient, this study
will be helpful to understand the role of salinity
distribution in the internal cycling of P between
sediment and water column. This study will also
be helpful for water management and ecosystem
restoration.
The present research work was conceived with
the objectives of studying adsorption–desorption
behaviour of phosphorus in Chilika Lagoon sediments, analyse their spatial differences, and also
the role of pH and salinity on the same to understand the overall functioning of phosphorus in the
eutrophication processes.

2. Study area
The Chilika is Asia’s largest brackish water coastal
lagoon. It has been acknowledged as the Brst
Ramsar site in India, located along the east coast
(19°280 –19°540 N latitude and 80°050 –85°820 E longitude). Fifty-two rivers and rivulets draw oA into
the lagoon (Bgure 1). From, the distributaries of
Mahanadi river system, viz., Daya, Bhargavi,
Nuna and Makara carry freshwater from the
northern side. The rivers Mandakini, Kansari,
Salia, and other small streams from the hills located on the western front (part of Eastern Ghats)
carry freshwater into the lagoon mostly during the
monsoon period (Sarkar et al. 2012). Chilika and its
contiguous is classiBed into four geomorphic units,
viz., Cuvial, denudational, coastal and aeolian
(Bhattacharya et al. 1994; Barik et al. 2019a, b, c).
The Cuvial landform is located with the deltaic
plain on the northern side of the lagoon. A moderate slope persists from the alluvial plain towards
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Figure 1. Map of Chilika Lagoon with demarcations of the zones, rivers draining into the lagoon, and channel connectivity with
the Bay of Bengal.

the southwest. Denudational landform constitutes
the western and southern boundary of the lagoon,
which are denudational hills of Eastern Ghats.
These hills are composed of hard metamorphic
Precambrian rock like gneisses and quartzites. The
southeastern part of the lagoon consists of the
coastal plain in the form of coastal sandbars and
islands. The location and width of the lagoon
opening changes due to the inCuence of wave action
and longshore current in the form of littoral drift.
The sand mass is morphologically divided into
beach and dune belt. The coastal dunes are discontinuous linear structures parallel to the coast all
along the northeastern part with width ranging
between 1.0 and 1.8 km. Dunes, along with Nalaban Island, which is positioned in the centre of the
lagoon constitutes Aaolian landforms. As per the
prevailing climatic condition, three principal seasons predominate, the pre-monsoon (PRM)
(March–June), monsoon (MON) (July–October),

and post-monsoon (PSM) (November–February)
(Srichandan et al. 2015; Patra et al. 2016; Barik
et al. 2017).

3. Materials and method
3.1 Phosphorus sorption
The surface sediment samples were taken from the
four sectors of the lagoon with triplicate from each
sector (northern sector (NS), southern sector (SS),
central sector (CS), and outer channel (OC)) during
the post-monsoon season for performing the sorption
isotherm experiments. The samples were collected at
uniform distance from each other and mixed
homogenously. The representative samples from each
sector were selected by quartering and coning
method. The sectoral variation of initial concentration of total phosphorus were NS (727 ± 12 mg/kg),
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SS (616 ± 6.0 mg/kg), CS (647.8 ± 8.0 mg/kg) and
OC (714.8 ± 11.0 mg/kg). The average concentration of Al were NS (13.4 ± 4.0%), SS (12.3 ± 4.4%),
CS (13.6 ± 1.8%) and OC (18.9 ± 6.4%). The average concentration of Ca were NS (2.5 ± 1.3%), SS
(1.6 ± 1.5%), CS (1.7 ± 1.1%) and OC (1.4 ± 0.9%).
The average concentration of Fe were NS
(10.0 ± 1.4%), SS (7.9 ± 2.6%), CS (8.7 ± 3.1%)
and OC (6.9 ± 2.2%) (Barik et al. 2019a, b, c).
Accurately weighed 1.0 g dry sediment samples were
placed in 50 ml capacity screwcap centrifuge tubes
with added 30 ml of phosphate solutions having
varying concentrations, viz., 0.0, 0.5, 1.0, 2.0, 3.0, 5.0,
10.0, 20.0, 30.0, 40.0 and 50.0 mg l1, respectively.
To avoid bacterial activity, three drops of toluene
were added to the prepared samples (Pizzeghello et al.
2011). The prepared sample tubes were placed in a
vertical shaker at the ambient condition with
adjusting the speed to 250 rpm for 24 hr shaking to
develop equilibrium concentration of phosphorus.
After shaking, the samples were centrifuged at 5000
rpm for 10 min. The centrifuged samples were Bltered
through a 0.4-lm WhatmanÒ Blter paper. The equilibrium phosphorus concentration (Ct) of the supernatant was estimated by spectrophotometric method
(Murphy and Riley 1962). The difference between the
spiked quantity of phosphorus (C0) and the equilibrium concentration (Ct) was designated as the net
quantity of adsorbed phosphorus (Q) of sediments
(equation 1) (Jalali and Peikam 2013):
Q ¼ ½ðC 0  C t Þ  V =W ;

ð1Þ

where, W is sample weight in gram and V is
solution volume in ml of K2HPO4. The most
important adsorption isotherm equations, viz.,
Langmuir and Freundlich models were considered
to estimate the phosphorus sorption behaviour of
sediments for each sector. The modiBed Langmuir
sorption isotherm is represented in equations (2–7)
(Jalali and Peikam 2013; Zhou et al. 2005):
Q0 ¼

NAP ¼

Ct  K1  Qmax
;
1 þ Ct  K1

ð2Þ

Q0 ¼ Q þ NAP;

ð3Þ

Ct;0  Qmax Ct;0  V
;
þ
W
KL þ Ct;0

ð4Þ

Q0 ¼ a  ln

Ct
;
EPC0

ð5Þ

Kp ¼

NAP
;
EPC0

ð6Þ

1
;
K1

ð7Þ

KL ¼

where, Q0 is the total quantity of adsorbed phosphorus at the equilibrium condition in mg kg1;
Qmax is the capacity of maximum phosphorus
sorption (mg kg1); K1 is the Langmuir equilibrium constant (l mg1); NAP is the native adsorbed phosphorus (mg kg1); Ct,0 is the equilibrium
phosphorus concentration when the initial phosphorus in solution is 0 mg l1; KL is the Langmuir
sorption constant (mg l1); and a is the buAering
capacity coefBcient and EPC0 is the zero equilibrium phosphorus concentration (mg l1), (estimated from origin Btting routine); and KP is the
distribution coefBcient for solid and liquid.
The modiBed Freundlich, sorption isotherm model,
is expressed in equations (8–11) (Zhou et al. 2005),
ð8Þ
Q0 ¼ KF  ðCt Þn ;
NAP ¼ KF  ðCt;0 Þn þ
n
Þþ
EPC0n ¼ ðCt;0

KP ¼

Ct;0  V
;
W

Ct;0  V
;
KF  W

NAP
;
EPC0

ð9Þ
ð10Þ
ð11Þ

where KF is the Freundlich sorption constant; n is
the heterogeneity index.
3.2 Phosphorus desorption
After completion of phosphorus sorption experiment, each centrifuge tube of 50 ml capacity was
added with 30 ml of 0.01 mol l1 KCl solution for
forwarding phosphorus desorption experiment.
Three drops of toluene were added for seizure of
microbial activity. The tubes were then shaken for
24 hr at 25 ± 1°C. After shaking, the procedure was
repeated as per earlier discussion. The concentration
of phosphorus in supernatant liquid was measured
by spectrophotometric method. The concentrations
measured represent the equilibrium concentrations
(Ct1, mg l1). The phosphorus desorption percentage (Pdes%) was calculated as per equation (12).
Ct1  V
:
ð12Þ
Pdes ¼
W Q
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3.3 Effects of salinity and pH on phosphate
sorption
Effort was made to understand the eAect of salinity
and pH on the behaviour of phosphorus sorption on
lagoon sediment. The following experimental procedure was followed. Initially, the sediment samples of
1.0 g each from four sectors were taken in screw-cap
centrifuge tubes of capacity 50 ml with adding 30 ml
of phosphate solution (3 ppm). The above samples
were subjected to Bve different salinity treatments,
viz., 0.0%, 5.5%, 10.5%, 20.5%, and 35.5%) and six
different pH treatments (viz., 2.50, 4.50, 6.50, 8.5, 11.5,
and 12.5). Three drops of toluene were added for the
seizure of microbial activity. The test tubes were
shaken for 24 hr at 25 ± 1°C. After shaking, the suspensions were centrifuged at 5000 rpm for 10 min and
then Bltered through a 0.45-lm pore-size Blter. An
adequate amount of sample was withdrawn for phosphate analysis (Ct). The net quantity of phosphorus
adsorbed (Q) was calculated by following equation (1).
4. Results and discussion
4.1 Phosphorus sorption isotherm in sediment
The phosphorus sorption isotherms for the sediment of four sectors, viz., northern sector (NS),
central sector (CS), southern sector (SS), and outer
channel (OC) of the lagoon Chilika are presented in
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Bgure 2. When the amount of phosphorus spiked
was less, it formed a nonlinear relationship with the
amount of adsorbed phosphorus. On increasing the
phosphorus concentration, it approaches roughly a
steady state when the added P amount crossed a
certain threshold (5.2–8.1 mg l1) limit.
The adsorption study was carried out covering
added phosphorus ranging from 0 to 40 mg l1.
The higher limits of phosphorus sorption in equilibrium solution calculated by advanced Langmuir
theory for all the sectors of the lagoon were 252.63,
250.12, 215.78, and 232.12 mg kg1 in NS, CS, OC,
and SS, respectively (table 1a, b). The sorption
isotherms were utilized to understand the phosphorus sorption characteristics (Werner and
Morgan 1996; Huang et al. 2011). For all the
treatments, it was observed that the sediments of
the northern and central sectors exhibited relatively higher P sorption capacities compared to the
outer channel and southern sectors sediments
(Bgure 2). It could be due to the discharge of
freshwater and sediment carrying high TOC and
nutrients by the major distributaries of river
Mahanadi which is maintaining the speciBc sediment characteristics, viz., silt, pH, salinity, etc.
(Barik et al. 2017, 2019a, b, c). According to Yan
et al. (2013), phosphorus sorption capacity could be
attributed to the interaction between organic
matter and Fe/Al oxides, which creates fresh P
adsorption sites and boosted the sorption capacity

Figure 2. Phosphorus sorption isotherms for the sediments from four sectors of the Chilika Lagoon.
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Table 1 (a, b). Different parameters of phosphorus sorption isotherms for the sediments from four sectors of Chilika lagoon based
on advanced Langmuir and Freundlich theory.

Sectors
OC
NS
CS
SS
Sectors
OC
NS
CS
SS

Langmuir theory
2
R

KL
(mg/l)

Qmax
(mg/kg)

KP
(L/kg)

K1
(L/mg)

EPC0
(mg/l)

NAP
(mg/kg)

0.9845
0.9823
0.9805
0.9902

1.12
0.67
0.65
2.76

215.78
252.63
250.12
232.12

130.3
154.08
153.02
47.49

0.75
1.3
1.1
0.31

0.025
0.015
0.012
0.13

4.52
2.8
2.4
6.88

Freundlich theory
2
R

KP
(L/kg)

KF
(mg/l)

EPC0
(mg/l)

NAP
(mg/kg)

0.9245
0.9116
0.9104
0.9043

935.13
2914.4
2902.2
243.24

74.41
103.94
101.12
56.24

0.022
0.014
0.011
0.07

21.71
22.27
22.06
19.24

SS

cs

NS

OC

Figure 3. Initial phosphorus concentration and phosphorus adsorbed described for the sediments of Chilika Lagoon.

of sediment. According to Liu et al. (2002) and Bai
et al. (2015), the sorption tendency decreases in
ruined salt marshes due to accumulated salt in
surBcial sediments. The relationship as observed
between the adsorbed and equilibrium levels of
phosphorus guided by the added phosphorus concentrations was comparable with the Bndings
described by Moazed et al. (2010) and Wang et al.

(2013). The phenomenon is associated with the
sorption and bonding energy of the speciBc sites.
At low concentrations of added phosphate, relatively more adsorption sites are available. Such
sites remain occupied at higher concentrations of
added phosphate (Huang et al. 2011). The sorption
properties of phosphorus in the present experiment
Btted nicely both with the Langmuir (R2 = 0.98 for
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Figure 4. Phosphorus sorption and phosphorus desorbed described for the sediments of Chilika Lagoon.

OC; 0.98 for NS; 0.98 for CS; 0.99 for SS) and
Freundlich (R2 = 0.92 for OC; 0.91 for NS; 0.91 for
CS; 0.90 for SS) equations. Thus, both of the theories can be utilized to describe the sorption
behaviour of phosphorus in sediment for all the
sectors of the Chilika (table 1a, b). However, with
the Langmuir equation, the expression was relatively better (R2 [ 0.98) than the Freundlich
equation (R2 \ 0.93) (table 1a, b).
4.2 Effect of initial phosphorus levels
on phosphorus sorption
The phosphorus sorption increased sharply for
sediments of all the sectors of the lagoon at lower
levels of initial phosphorus. It maintained a steady
state at higher levels of phosphorus (Bgure 2). As
per the equations and Bgure 2, at low concentrations of added P (1.2 mg l1), the amount of
phosphorus adsorbed varied on a spatial scale, viz.,
the sediments of OC, NS, CS, and SS adsorbed
10 mg kg1 (87% of added P), 12.5 mg/kg (78% of
added P), 15 mg kg1 (70% of added P) and
13.5 mg kg1 (75% of added P), respectively. The
amount of phosphorus adsorbed by OC, NS, CS,
and SS sediments was 222.5 mg kg1 (15% of
added P), 256.5 mg kg1 (12% of added P), 247.5
mg kg1 (13% of added P), and 212.5 mg kg1
(16% of added P), respectively, when spiked with a

higher concentration of P (40.5 mg l1) (Bgure 3).
The phosphorus sorption process was significantly
higher in NS and CS sector sediments compared to
those of OC and SS sediments for the same initial
phosphorus level (p \ 0.05).
4.3 Desorption study of phosphorus
after sorption
After sorption, an exponential curve Btting was
observed in desorption of phosphorus concerning
the sorbed level of P. The phenomena were similar
to the initial phosphorus sorption process
(Bgure 3). With the equal initial phosphorus level,
the phosphorus desorption by OC and SS sediment
was 2.5–5.8 times higher than NS and CS sediment,
which varied in absolute scale from 3.3 to
120 mg kg1 (Bgure 4). A good curve Bt values
with R2 above 0.97 were obtained for all the
exponential equations formed for phosphorus desorption processes occurring for all the sectors.
The OC (20–145 mg kg1) and SS (15.5–142.5
mg kg1) sediments recorded to have the capacity
to release a relatively higher amount of phosphorus
(Bgure 4). A similar trend was obtained for both
changes in Pdes and phosphorus sorption process on
sediments of all the different sectors (Bgure 5).
Initially, the Pdes decreases rapidly with increasing
phosphorus sorption levels. Such change was
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CS
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Figure 5. Phosphorus sorption and desorption described for the sediments of the Chilika Lagoon.

observed till the phosphorus sorption on sediments
of different sectors, viz., OC, NS, CS, and SS
reaches the range of 65, 5, 12, and 52 mg kg1,
respectively. After that minimum, the phosphorus
desorption started increasing slowly with its sorption till the sorption touches a maximum range of
122.0–213.2,
136–256,
104.1–
208.0 mg kg1, and 55–210 mg kg1 on OC, NS,
CS, and SS, respectively (Bgure 5).
The quantity of desorbed phosphorus by sediments of OC (47.9–124.9%) and SS (35.8–108.5%)
of the adsorbed phosphorus was much higher than
those recorded for sediments of NS (12.1–63.5%)
and CS (13.2–62.5%). With an increase in phosphorus adsorption level, there is an exponential
increase in desorption (Bgure 5). Jalali and Peikam
(2013) reported a very similar type of observation.
At a lower level of added P in the water column, it
gets adsorbed reversibly on the sediment surface
through physical sorption processes (Richard and
Leo 2001; Sun et al. 2012). With an increase in the
added phosphorus in the water column, phosphorus often reacts with Fe, Al, and Ca minerals
forming relatively stable dinuclear complexes
(Glaesner et al. 2011) preventing its desorption.
However, after reaching a certain threshold level in
the overlying water, it can only further react with
dinuclear complexes making them unstable,

ultimately facilitating its desorption (Wang and
Zhu 1987; Sun et al. 2012). The initial decreasing
trend in percent desorption of phosphorus is attributed to physical sorption, while the subsequent
increasing trend is attributed to chemical sorption.
4.4 Effect of salinity and pH on phosphorus
sorption behaviour
The sorption characteristics of phosphorus depend
on the type of sediment (Zhang et al. 2012; Silva
Rossi et al. 2016) and are strongly inCuenced by
their physico-chemical properties (Lin et al. 2009;
Pellegrini et al. 2008). Salinity and pH have a
considerable eAect on the sorption of phosphorus
for sediments as recorded in different sectors of the
lagoon Chilika (Bgures 6, 7). In SS, the phosphorus
sorption level was observed to increase with
increasing salinity. On the other hand, in NS, CS,
and OC sediments, a slightly decreasing trend with
respect to increasing salinity (Bgure 6) was noticed.
Whereas the sediments of the sectors NS, CS, and
OC treated with zero salinity, showed the maximum phosphorus sorption, the SS sediments
exhibited maximum phosphorus sorption (42 mg
kg1) at 28.4% salinity (Bgure 6). The variations in pH
also had an eAect on the phosphorus sorption levels.
The sectors OC (43.9 mg kg1), NS (45.9 mg kg1), SS
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Figure 6. Relationship between phosphorus sorption and salinity (%) for sediments of the Chilika Lagoon.

SS

NS

CS

OC

Figure 7. Relationship in between phosphorus sorption and pH in sediment of the Chilika Lagoon.

(40.5 mg kg1) and CS (44.5 mg kg1) sediments
showed maximum phosphorus sorption at the pH
levels of 5.5, 6.2, 5.2 and 6.0, respectively (Bgure 7).
The phosphorus sorption curves exhibited a reverse
U-shaped trend with an increase in pH (Bgure 7).

The trend of decrease in phosphorus adsorption
with an increase in salinity, as observed in the CS,
NS, and OC sediments, is supported by the Bndings
of Zhang and Huang (2011). Up to a particular
threshold value of salinity, the phosphorus sorption
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increases with salinity and above that limit, sorption decreased in estuaries and coastal aquifers
(Spiteri et al. 2008). The phosphorus sorption
occurs rapidly through aggregations of particles at
relatively lower salinity in the water column. Since
the anions (e.g., Cl, SO42 and OH) compete
with phosphorus for sorption sites on sediment
surfaces, at higher salinity range in the water column, phosphorus adsorption is decreased (Liu et al.
2002). Several studies highlighted the eAect of pH
on the sorption of phosphorus (Zhou et al. 2005;
Spiteri et al. 2008; Gustafsson et al. 2012). In the
present study, pH significantly controlled the
sorption of phosphorus. Under alkaline conditions,
with increasing pH levels, less amount of phosphorus got adsorbed. Whereas, under acidic conditions,
the adsorption of phosphorus increased rapidly with
increasing pH. This Bnding is supported by the
observations of Gustafsson et al. (2012), who
reported that phosphorus sorption reaches an
optimum at pH range of 5.0–7.0. This is so, as
phosphate in the water column is available in the
forms of HPO42 and H2PO4 at pH range of 5.0 to
7.0, which can get adsorbed quickly. At pH \ 5.0,
the phosphorus desorbs easily from the sediments,
which could be due to the suspension of all ferric
minerals in this acidic pH value. On the other hand,
at pH [7.0, the phosphate might compete with
hydroxide ion for the availability of adsorption sites
(Millero et al. 2001; Liu et al. 2007, 2012; Jalali and
Matin 2015). The repulsion between phosphate
species and colloid surface sites also has a significant role, both being negatively charged (Zeng et al.
2004). Under a particular pH, the amount of phosphorus adsorbed on SS sediments was lower than
the OC, NS, and CS sediments (Bgure 7). In
between pH range, 4–8, relatively higher phosphorus sorption was observed in NS than OC. The
sorption and desorption behaviour of phosphorus
for the sediment established that sorption dominated over desorption throughout the lagoon, Chilika. So, phosphorus act as a sink to the sediment in
all sectors (Bai et al. 2017). This behaviour intensiBes the buAering capacity of phosphorus release to
control the water quality of lagoon and eAectively
manage the tropic status of the lagoon, i.e., controlling eutrophication levels of water bodies. The
lagoon, Chilika, is dominated by macrophytes of
various species. Mostly, Phragmites karka is the
dominant species in the lagoon, and it acts as a
bioBlter to increase the phosphorus sorption. So,
plant restoration and freshwater restoration are the
major to control the level of eutrophication of water
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bodies of coastal lagoons, like Chilika (Bai et al.
2017; Berthold and Schumann 2020).

5. Conclusions
The study highlighted the phosphorus dynamics at
the water–sediment interface occurring on sectoral as
well as temporal scale. It focussed on the behaviour of
sorption and desorption processes of P in the sediments from four sectors of the Chilika Lagoon. It also
quantiBed and characterized nutrient Cuxes to the
lagoon. Phosphorus sorption started increasing with
the increase in the added P to the water column in the
four sectors of the lagoon sediments, reaching a
stable state and then crossed the threshold limit. This
veriBed that the immobilization of P in coastal lagoon
sediments is also dominantly regulated by the input of
P levels. Significant variations in phosphorus sorption–
desorption processes were observed throughout the
study. The northern sector sediments had higher P
sorption capacity. It also desorbed less amount of P
among the four sectors. Phosphorus act as a sink to
the sediment in all sectors. The variation in salinity,
as well as pH values of sediment, had a significant
impact on the sorption–desorption processes of P in
Chilika Lagoon. The northern sector sediments
adsorbed more phosphorus compared to other sectors over a range of salinity and pH values. In general, the northern sector sediments had a lower
tendency for phosphorus desorption as compared to
other sectors, which clariBes that restoration of the
freshwater system would be helpful in improving the
buAering capacity of phosphorus and to manage the
associated coastal waters eutrophication. Maintaining appropriate water level in the lagoon
Chilika by increasing freshwater input to avoid
changes in sediment redox status, reduced pH, and
salinity would be beneBcial for maintaining good P
reserve in the system and avoid re-release from the
system.
Acknowledgements
Thanks to the supporting staAs of Chilika Development Authority, Balugaon, Khurda, Odisha for the
help during the sample collection. We also wish to
thank Mr Subashis Pradhan, WRTC, CDA for
preparing location map using GIS. The authors are
also thankful to Dr Gregory Cooper, University of
Southampton, United Kingdom, for the correction of
English language during the drafting of manuscript.

J. Earth Syst. Sci. (2021)130:48
Author statement
S K Barik, S N Bramha and P Rath designed and
conceptualized the study. A K Pattanaik, S
Samanta, R K Patel, T K Bastia, R N Samal, and
D Behera assisted in Beld sampling, laboratory
analysis. P Rath and S K Barik done paper writing
and editing.

References
Bai J H, Zhao Q Q, Lu Q Q, Gao Z Q and Reddy K R 2015
EAects of freshwater input on trace element pollution in salt
marsh soils of a typical coastal estuary, China; J. Hydrol.
520 186–192.
Bai J, Ye X, Jia J, Zhang G, Zhao Q, Cui B and Liu X 2017
Phosphorus sorption-desorption and eAects of temperature,
pH and salinity on phosphorus sorption in marsh soils
from coastal wetlands with different Cooding conditions;
Chemosphere 188 677–688.
Barik S K, Muduli P R, Mohanty B, Behera A T, Mallick S,
Das A, Samal R N, Rastogi G and Pattnaik A K 2017
Spatio-temporal variability and the impact of Phailin on
water quality of Chilika lagoon; Cont. Shelf Res. 136 39–56.
Barik S S, Singh R K, Jena P S, Tripathy S and Sharma S P
P 2019a Spatio-temporal variations in ecosystem and CO2
sequestration in coastal lagoon: A foraminiferal perspective;
Mar. Micropaleontol. 147 43–56, https://doi.org/10.1016/
j.marmicro.2019.02.003.
Barik S K, Bramha S, Bastia T K, Behera D, Kumar M,
Mohanty P K and Rath P 2019b Characteristics of
geochemical fractions of phosphorus and its bioavailability
in sediments of a largest brackish water lagoon, South Asia;
Ecohydrol. Hydrobiol. 19(3) 370–382.
Barik S K, Bramha S, Behera D, Bastia T K, Cooper G and
Rath P 2019c Ecological health assessment of a coastal
ecosystem: Case study of the largest brackish water lagoon
of Asia; Mar. Pollut. Bull. 138 352–363.
Barrow N J 1983 A mechanistic model for describing the
sorption and desorption of phosphate by soil; J. Soil Sci. 34
733–750.
Berthold M and Schumann R 2020 Phosphorus dynamics in a
Eutrophic Lagoon: Uptake and utilization of nutrient pulses
by phytoplankton; Front. Mar. Sci. 7 281, https://doi.org/
10.3389/fmars.2020.00281.
Bhattacharya S, Sen S K and Acharyya A 1994 The
structural setting of the Chilka Lagoon granulite–migmatite–anorthosite suite with emphasis on the
time relation of charnockites; Precamb. Res. 66 393–409,
https://doi.org/10.1016/0301-9268(94)90060-4.
Chen X, Li H, Hou J, Cao X Y, Song C L and Zhou Y Y 2016
Sediment–water interaction in phosphorus cycling as
aAected by trophic states in a Chinese shallow lake (Lake
Donghu); Hydrobiologia 776 19–33, https://doi.org/10.
1007/s10750-016-2811-x.
Gessner I 1960 Untersuchungen iiber den phosphathaushalt
des Amazonas; Int. Rev. Ges. Hydrobiol. 45 339–345.
Glaesner N, Kjaergaard C, Rubaek G H and Magid J 2011
Interactions between soil texture and placement of dairy

Page 11 of 12 48
slurry application: II. Leaching of phosphorus forms; J.
Environ. Qual. 40(2) 344–351.
Gustafsson J P, Mwamila L B and Kergoat K 2012 The pH
dependence of phosphate sorption and desorption in
Swedish agricultural soils; Geoderma 189 304–311.
Huang L D, Fu L L, Jin C W, Gielen G, Lin X Y, Wang H L
and Zhang Y S 2011 EAect of temperature on phosphorus
sorption to sediments from shallow eutrophic lagoons; Ecol.
Eng. 37(10) 1515–1522.
Jalali M and Matin N H 2015 Sorption of phosphorus in
calcareous paddy soils of Iran: EAects of soil/solution ratio
and pH; Environ. Earth Sci. 73(5) 2047–2059.
Jalali M and Peikam E N 2013 Phosphorus sorption-desorption behaviour of river bed sediments in the Abshineh river,
Hamedan, Iran, related to their composition; Environ.
Monit. Assess 185(1) 537–552.
Li Z R, Sheng Y Q, Yang J and Burton E D 2016 Phosphorus
release from coastal sediments: Impacts of the oxidationreduction potential and sulphide; Mar. Pollut. Bull. 113
176–181.
Lin C Y, Wang Z G, He M C, Li Y X, Liu R M and Yang Z F
2009 Phosphorus sorption and fraction characteristics in
the upper, middle and low reach sediments of the Daliao
river systems; China J. Hazard. Mater. 170(1) 278–285.
Liu Y, Chen Y G and Zhou Q 2007 EAect of initial pH control
on enhanced biological phosphorus removal from wastewater containing acetic and propionic acids; Chemosphere
66(1) 123–129.
Liu P P, Bai J H, Ding Q Y, Shao H B, Gao H F and Xiao R
2012 EAects of water level and salinity on TN and TP
contents in marsh soils of the Yellow River Delta China;
Clean Soil Air Water 40(10) 1118–1124.
Liu M, Hou L J, Xu S Y, Ou D N, Zhang B L, Liu Q M and
Yang Y 2002 The characteristics of phosphate adsorption
on tidal surface sediments of the Yangtze Estuary; Acta
Geogr. Sin. 57 397–406.
Millero F, Huang F, Zhu X R, Liu X W and Zhang J Z 2001
Adsorption and desorption of phosphate on calcite and
aragonite in seawater; Aquat. Geochem. 7(1) 33–56.
Moazed H, Hoseini Y, Naseri A A and Abbasi F 2010 Determining
phosphorus adsorption isotherm in soil and its relation to soil
characteristic; Food Agric. Environ. 8(2) 1153–1157.
Mukherjee R, Muduli P R, Barik S K and Kumar S 2019
Sources and transformations of organic matter in sediments
of Asia’s largest brackish water lagoon (Chilika, India) and
nearby mangrove ecosystem; Environ. Earth Sci. 78(11)
332.
Murphy J and Riley J P 1962 A modiBed single solution
method for the determination of phosphate in natural
waters; Anal. Chim. Acta 27 31–36.
Novak L T and Petschauer F J 1979 Kinetics of the reaction
between orthophosphate ions and Muskegon dune sand; J.
Environ. Qual. 8 312–318.
Patra S, Raman A V, Ganguly D, Robin R S, Muduli P R,
Kanuri V and Subramanian B R 2016 InCuence of
suspended particulate matter on nutrient biogeochemistry
of a tropical shallow lagoon, Chilika India; Limnology 17
223–238.
Pellegrini J, Do Santos D R, Goncalves C S, Copetti A and
Bortoluzzi E C 2008 Phosphorus fractions and adsorption in
sediments in relation to anthropogenic activity; Rev Bras.
Cienc. Solo 32 2639–2646.

48

Page 12 of 12

Pizzeghello D, Berti A, Nardi S and Morari F 2011 Phosphorus
forms and P-sorption properties in three alkaline soils after
long-term mineral and manure applications in north-eastern Italy; Agric. Ecosyst. Environ. 141 58–65.
Pomeroy L R, Smith E E and Grant C M 1965 The exchange of
phosphate between estuarine water and sediments; Limnol.
Oceanogr. 10 167–172.
Reddy K R and DeLaune R D 2008 Biogeochemistry of
Wetlands: Science and Applications; CRC Press, Boca
Raton.
Richard M and Leo C 2001 InCuence of soil constituents on soil
phosphorus sorption and desorption; Commun. Soil Sci.
Plant Anal. 32(15–16) 2531–2547.
Sarkar S K, Bhattacharya A, Bhattacharya A K, Satpathy K
K, Mohanty A K and Panigrahi S 2012 Chilika Lagoon;
Springer, pp. 148–155.
Silva Rossi M M, Rollan A A and Bachmeier O A 2016
Available phosphorus in the central area of the Argentinean
Pampas. 2: Kinetics of adsorption and desorption of
phosphorus under different soil and management environments; Span. J. Soil Sci. 6(2) 145–158.
Spiteri C, Van Cappellen P and Regnier P 2008 Surface
complexation eAects on phosphate adsorption to ferric iron
oxyhydroxides along pH and salinity gradients in estuaries
and coastal aquifers; Geochim. Cosmochim. Acta 72(14)
3431–3445.
Srichandan S, Kim J Y, Bhadury P, Barik S K, Muduli P R,
Samal R N, Pattnaik A K and Rastogi G 2015 Spatio
temporal distribution and composition of phytoplankton
assemblages in a coastal tropical lagoon: Chilika India;
Environ. Monit. Assess. 187(47) 1–17.
Stephenson W 1949 Certain eAects of agitation upon the
release of phosphate from mud; J. Mar. Biol. Assoc. UK 28
371–380.

Corresponding editor: MARIPI DILEEP

J. Earth Syst. Sci. (2021)130:48
Sun J N, Xu G, Shao H B and Xu S H 2012 Potential retention
and release capacity of phosphorus in the newly formed
wetland soils from the Yellow River Delta China; Clean Soil
Air Water 40(10) 1131–1136.
Sundby B, Gobeil C, Silverberg N and Mucci A 1992 The
phosphorus cycle in coastal marine sediments; Limnol.
Oceanogr. 37 1129–1145.
Wang G and Zhu Z 1987 Comparison of phosphate adsorptiondesorption characteristics of red soil sand paddy; Soils J.
Zhejiang Agr. Univ. 13(2) 129–136.
Wang X Y, Zhang L P, Zhang F F, Zhang H S and Mei D L
2013 Phosphorus adsorption by soils from four land use
patterns; Asian J. Chem. 25(1) 282–286.
Werner S and Morgan J J 1996 Aquatic Chemistry: Chemical
Equilibria and Rates in Natural Waters; 3rd edn, New York:
Wiley.
Yan X, Wang D J, Zhang H L, Zhang G and Wei Z Q 2013
Organic amendments aAect phosphorus sorption characteristics in a paddy soil; Agric. Ecosyst. Environ. 175 47–53.
Zeng L, Li X M and Liu J D 2004 Adsorptive removal of
phosphate from aqueous solutions using iron oxide tailings;
Water Res. 38 1318–1326.
Zhang J-Z and Huang X-L 2011 EAect of temperature and
salinity on phosphate sorption on marine sediments; Environ. Sci. Technol. 45(16) 6831–6837, https://doi.org/10.
1021/es200867p.
Zhang B, Fang F, Guo J S, Chen Y P, Li Z and Guo S S 2012
Phosphorus fractions and phosphate sorption-release characteristics relevant to the soil composition of water-level-Cuctuating zone of Three Gorges Reservoir; Ecol. Eng. 40 153–159.
Zhou A M, Tang H X and Wang D S 2005 Phosphorus
adsorption on natural sediments: Modeling and eAects of
pH and sediment composition; Water Res. 39(7)
1245–1254.

