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Abstract Elevated concentrations of arsenic in the sedi-
ment and pore water in the Sundarban wetlands pose
an environmental risk. Adsorption and desorption are
hypothesized to be the major processes controlling arsenic
retention in surface sediment under oxic/suboxic condition.
This study aims to investigate sorption kinetics of As(IIl &
V) and its feedback to arsenic mobilization in the man-
grove sediment. It ranges from sand to silty clay loam and
shows the adsorption of As(IIl & V) following the Lang-
muir relation. Estimates of the maximum adsorption
capacity are 59.11 + 13.26 pg g~ for As(III) and 58.45 +
8.75 ug g~ ' at 30°C for As(V) in the pH range 4 to 8 and
salinity 15-30 psu. Extent of adsorption decreases with
increasing pH from 4 to 8 and desorption is the rate-lim-
iting step in the reaction of arsenic with sediment. Arsenic
in the sediment could be from a Himalayan supply and co-
deposited organic matter drives its release from the sedi-
ment. Arsenic concentration in the sediment is well below
its maximum absorption capacity, suggesting the release of
sorbed arsenic in pore water by the microbial oxidation
of organic matter in the sediment with less feedback of
adsorption.
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Introduction

The mobility and fate of arsenic (As) either in the sediment
or aquatic environment are controlled by (a) redox condi-
tion (b) dissolution—precipitation of mineral with arsenic as
a constituent ion and (c) sorption—desorption. Hering and
Kneebone (2002) reported that solubilization of only
0.09% of the total arsenic (1.8 mg kg™ ") from crustal rock
is required for the abundance of 10 ug L™" of arsenic in
water.

Precipitation of authigenic minerals with arsenic as a
constituent ion is unlikely, as most arsenic minerals are too
soluble to precipitate under oxic condition (Wagemann
1978; Webster 1990; Bowell 1994). However, dissolution
and precipitation of authigenic arsenic minerals are kinet-
ically slow process and may be controlled by microbial
activity (Das et al. 1996; Zobrist et al. 2000; Acharya et al.
2000). Recent studies, however, have demonstrated that the
distribution of sulfate reduction may in fact be the most
important factor in determining whether arsenic can
accumulate to hazardous levels in groundwater in naturally
contaminated reducing aquifers (Kirk et al. 2004; Busch-
mann and Berg 2009). Authigenic arsenopyrite produced
during sulfate reduction is the most important stable iron-
sulfide sink for arsenic in these systems (Lowers et al.
2007). Unlike authigenic mineral precipitation, sorption/
oxidative or reductive desorption may be an important
process in controlling the dissolved arsenic concentrations.
Different affinities of As(III) and As(V) can affect the
extent of their sorption in the sediment. Varying capacity
for As sorption into the sediment may ultimately affect its
concentration in the ambient/water. Spatial variability of
dissolved As found in shallow aquifers of the Gangetic
Delta remains poorly understood (Mertal et al. 2008).
These arsenic bearing aquifers are mainly confined to
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sediments discharged from the rapidly eroding Himalaya,
approximately 7,500-10,000 years ago (Acharya et al.
2000; Goodbred and Kuehl 2000). So, arsenic occurring in
the sediment of Gangetic Delta is from Himalayan source.
Apart from this, suspended sediment could scavenge
arsenic from sea water before its deposition in the man-
grove system. Banerjee et al. (2011) reported the mass
accumulation rates of 0.41-0.66 g cm™~ year ' deter-
mined from 2'°Pb geochronology of core sample and
concluded that variations in trace metal content with depth
result largely from their input owing to anthropogenic
activities rather than diagenetic process. Our previous
study on the spatial and temporal variation of arsenic in the
Indian Sundarban mangrove ecosystem (Mandal et al.
2009) showed significant diagenetic remobilization of
arsenic with a dispersal rate between 80.7 and
509 ng m—> d~'. High concentration of arsenic and two
benchmarks of arsenic [threshold effect level (TEL) and
effects range-low (ERL)] observed in the sediment cores
from Sundarban appear to be associated with a potential
biological risk (Silva Filho et al. 2010). Highly productive
Sundarbans mangrove ecosystem (4.71-6.54 Mg C ha™"
year ') with 4.85 Mg C ha~' year™' of litter production
(Ray et al. 2011) could be a source of organic matter which
could accelerate the microbial conversion from oxic to
suboxic condition in the deeper layer of sediment column.

Therefore, availability of Fe(IIl) oxy hydroxide in the
sediment could control sequestration and release of arsenic
depending on its diagenetic alteration under changing
redox condition (Acharya et al. 2000). Mandal et al. (2009)
suggest that arsenic could be immobilized during incor-
poration into the arsenic-bearing initial phase, and unlikely
to be released into pore water until mangrove derived
organic matter fuels microbial reduction of adsorbate and
adsorbent in the Sundarban mangrove ecosystem. It needs
to answer the guiding question: how important are potential
back-reaction, e.g. arsenic adsorption? The purpose of this
study is to investigate sorption kinetics of As(IIl) and
As(V) and its feedback to arsenic mobilization in the
mangrove sediment with naturally occurring source of
arsenic from a Himalayan supply.

Materials and methods
Sampling and sample preparation

During 23 March, 2008, mangrove water (low and high
tide) and four sediment cores were obtained from four
stations (Fig. 1) located in the Indian Sundarban at 21°32’,
22°40" N and 88°05', and 89°E by pressing a pre-cleaned
acrylic tube (5.5 cm i.d.) in the bed and carefully retrieving

Fig. 1 Map showing the station
locations
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it. Average maximum corer penetration of 30 cm was
possible due to sediment compaction root network beyond
this point. The sediment contained in the acrylic tube was
carefully pushed out onto a clean glass plate using an
acrylic plunger and sectioned at every 4-5 cm interval.
Then the sediment was wet sieved (63 pm) and subse-
quently air dried/freeze dried and agglomerates were bro-
ken in a mortar and pestle. Pore water was separated by
centrifugation (30 min, 5,000 rpm). Tidal and pore water
samples were filtered (0.45 um) and stabilized by the
addition of H,SO,4 (0.1% v/v).

Laboratory procedures

pH was measured using a combined electrode (Systron-
ics, micro pH system 362) and redox potential profiles
were measured by gently lowering the electrodes into the
sediment (Vischer et al. 1991). Salinity of the samples
was determined by Mohr—Knudsen titration. Freeze dried
sediment sample was used for the measurement of
organic carbon by the Walkey-Black wet combustion
method (Shrawat 1982). Particulate matter filtered from
the tidal water and sediment were freeze dried and the
extracts obtained after treating them with acid mixture
(HF/HNO3;) were used for the measurement of As. Air
dried sediment sample was used for grain size analysis
following the sedimentation method (Sims and Heck-
endorn 1991). Iron in the soil was determined by AAS
after acid digestion. Non lithogenous fraction of CaCO;5
was determined by the extraction with 1 M hydroxyl
amine hydrochloride and 25% acetic acid mixture fol-
lowed by the analysis of calcium using the method of
Culkin and Cox (1966).

Fulvic and humic acids were determined by the KOH
(0.1 N) extraction by using Perkin-Elmer LS-50 lumines-
cence spectrophotometer for fluorescence measurement
against the standard [excitation and emission at 313 and
425 nm for fulvic acid and 392 and 484 nm for humic acid
(Ghatak et al. 2002)].

Adsorption kinetic studies were carried out in a tem-
perature controllable water bath at 20, and 30°C in nitrogen
atmosphere using 0.5 g of freeze dried sediment (Lothian)
in 100 ml of artificial sea water at salinity 15, 30 psu and
pH 4, 6, and 8. The doped artificial sea water was prepared
by mixing artificial sea water with 1,000 pg ml~' stock
solution of arsenic to produce a solution 3,000 pg L™'.
Aliquots of the sample (~5 ml) were collected at around 2,
5, 15, 30, 60, 120, 240, 480, 600, 1,440, 1,680 and
1,920 min using 10 ml syringe and filtered through 0.2 pm
syringe filter. As concentration in the filtered samples were
analyzed using the Varian Hydride system-vapour gener-
ator (serial no. ELO 405-314) coupled to the spectra
AAS5S5B true double beam atomic absorption spectrometer

(Yamamoto et al. 1985; Loring and Rantala 1992). Mea-
surement of As(II) was performed at pH 4 using 5%
potassium bi-phthalate (Barman et al. 1977). The analytical
methods for arsenic were verified before analyses of sam-
ple against the standard sample procured from Merck
KGaA, Germany. Relative accuracy and the coefficient of
variation were 96.2 and 9.2%, respectively, for arsenic.
Samples for the determination of adsorption isotherms
were prepared by adding 0.5g of sediment (Lothian) to
100 ml of artificial sea water at a salinity of 15 psu and pH
4. Initially 0.5-20 mg L™" of Cu(II), Co(IIl), Zn(II) and
0.4-3 mg L' of As(Ill & V) and P(V) were taken in
seawater and the mixture was kept at 30°C for 24 h in
nitrogen atmosphere to attain equilibrium. Concentrations
of Co, Cu, and Zn in the filtered solution were deter-
mined by AAS and P(V) by spectrophotometric method
(Grasshoff et al. 1983). Both adsorption isotherm and
adsorption kinetic studies were conducted in the nitrogen
atmosphere for As(III).

Application of Langmuir adsorption isotherm

The relation between the amount adsorbed by the adsorbent
(sediment) and the concentration of the adsorbate at a
specified condition is known as the adsorption isotherm.
The adsorption data obtained from the isotherm experi-
ments were fitted to Langmuir adsorption isotherm:

Cs = Tk Cy/(1+ K Cy) (1)

where C, is the adsorbate concentration in sediment
(ng gfl) and C,, is the adsorbate concentration in water
(ng Lfl); I',, is the maximum adsorbate concentration
(ug g 1. K is the equilibrium constant (L pg~') for the
adsorption, and Ky is the partition coefficient (Cy/Cy, in
L kg_l). The reaction between cations/anions (X) and a
single sorption phase, in which the ionic charge has been
omitted, can be expressed as follows:

=S+Xo=85—X 2)
K=s x=[= S—X]/[= 5 [X] (3)

where K_ s_x is the conditional stability constant for the
reaction, = S—X denotes the total cations/anions concen-
tration sorped by the sediment, [= S] denotes the con-
centration of binding sites and [X] is the equilibrium
concentration of cations/anions in water.

Partition coefficient (K4) can be expressed as:

Ki= Cs/Cy = [= S = X],,/ [X] (4)

Cx denotes the corresponding concentration of cations/
anions in sediment and in water, respectively.

Considering two classes of sorption sites for anions/
cations such as iron-oxide FeO, and organic matter (OM)
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and from Eqgs. 3 and 4 the following relation for partition
coefficient (K,) is obtained:

K4 = Kom [OM] + Kreox [FGOX] (5)

The free energy change of adsorption is calculated from
the equation: AG = —RT In K4, where R (8.3145 J/mol K)
is the ideal gas constant, and 7 (K) is the temperature.

Rate constant for adsorption (K;) and desorption (Kj)
were calculated from K (equilibrium constant for the
adsorption, K = K;/K,. K was calculated using the
following equation

1/C =1/Cy+ K;t/Cy, where C, denotes initial con-
centration and C after adsorption of the adsorbate at time .

Results and discussion
Soil characteristics

A summary of sediment characteristics is presented in
Table 1. The sediment is of sand to silty clay loam type and
the clay content varied from 1.3 to 21.5%. The sediment
was composed of quartzo-feldspathic minerals (quartz,
albite, microcline) contributed from the eroded rocks of
acidic composition of the drainage basin. Flaky mica and
chlorite were also found to occur in the sediment, though
inconsistent (Sarkar et al. 2004). Organic matter exhibited
lower concentration (3.15-5.14 mg g~ ') than in the sedi-
ment from south east/west coast of India (Kumar 1996;
Jonathan and Ram Mohan 2003). This could be due to the
marine sedimentation and mixing processes at the sediment

water interface where the rate of delivery, as well as rates
of degradation by microbial-mediated processes are
expected to be high (Canuel and Martens 1993). A down-
ward decrease of organic carbon (0.76 to 0.42%) and Eh
(—32.14 to —220.2 mV) are common features for all the
stations (Fig. 2), indicating microbial-mediated oxidation
(Canuel and Martens 1993) of organic matter. A sediment
accumulation rate of 0.3-0.48 cm year~' (Banerjee et al.
2011) and elevated concentration of arsenic in the deeper
layers relative to the surface (2.11-3.1 mg kg™ ') indicating
that arsenic supply seems to have declined, since the
commissioning of Farakka barrage in 1975 to regulate the
fresh water flow through the Hooghly—Bhagirathi channel
for navigation.

Adsorption isotherm

A typical example of adsorption isotherm (plot of Ci,
concentration in sediment versus C,, concentration in
artificial sea water) for As(V) (solid line) and As(III)
(dotted line) at pH 4, salinity 15 psu and temperature 20
and 30°C are given in Fig. 3a. Extent of adsorption was
increased with increasing As concentration in sea water
and adsorption isotherms belong to Langmuir type (convex
upward) suggesting low affinity specific adsorption. Plots
of C,/C; versus C,, yielded straight line (Fig. 3b) indicat-
ing equilibrium form of Langmuir model and Langmuir
coefficients of mangrove soil are given in Table 2. The
mean values of maximum adsorption concentration, I',
(ug g=") were found to be 53.56 + 13.86 at 20°C,
59.11 £ 13.26 at 30°C for As(Ill) and 54.21 &+ 10.41 at

Table 1 Station wise variation

of the average values of Parameters Diamond Kachuberia Beguakhali Loth.ian (Mangrove
different parameters for surface harbour dominated)
water, sediment, pore water, Temp (°C) 22.5-32.0 20.0-33.2 20.0-34.5 22.8-31.8
suspended particulate matter
(SPM) S (psu) 0.32-1.89 5.21-17.8 8.92-25.82 6.19-26.05
pH 7.84-8.26 7.74-8.32 7.94-8.36 7.83-8.54
FA (ng g™ 474.2 637.79 744.8 662.1
HA (ng g™" 138 187.87 262.2 277.2
Sand (%) 12.0 11.7 4.9 7.76
Silt (%) 66.5 87.0 92.7 86.31
Clay (%) 21.5 1.3 34 5.93
Fe
Sediment (mg g~") 30.2 239 31.8 343
Pore water (pg L7h 26.5 20.4 27.2 27.8
Organic carbon (mg gfl) 3.15 3.87 5.14 5.1
NLF CaCO; (mol kg™") 0.52 0.63 0.48 0.61
As in sediment (ug g~ ") 2.59-2.90 2.79-3.10 2.10-2.40 2.6-2.9
As in SPM (ug g7 0.06-1.13 0.08-1.83 0.07-1.57 0.05-1.11
As in surface water (ng Lfl) 772-2,963 637-4,025 1,069-3,560 237-2,741
As in pore water (ng L") 1,221-4,573 938-6,269 2,085-8,597 507-3,552

@ Springer



Environ Earth Sci (2012) 65:2027-2036 2031
a  Diamond harbour Kachuberia Beguakhali Lothian
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Fig. 2 Depth profile of a As (mg kgfl), b organic C (%), ¢ Eh (mV)

20°C, 58.45 £ 8.75 at 30°C for As(V) in the pH range 4-8
and S 15 to 30 psu. Estimates of I';,, for sediment samples
(organic matter 0.16%, CaCO;5 1.7%, clay 51.3%) collected
from Tulare Lake, San Joaquin Valley, California, USA
showed a decrease from 92 pug g~ ' at pH 7.5 to 70 pg g~
at pH 8.5 (Gao et al. 2006). Siegel et al. (2008) studied
partitioning of As between granular ferric oxide and So-
corro ground water and found maximum sorption capacity
of 1,500 pg g~ 'of oxide phase at 15°C. Arthur (1984)
showed sorption capacity for the sediment of the type silty
sand with little clay could vary widely between 1.0 and
252 pg As g~'. Wauchope and McDowell (1984) reported
sorption of 3.97uM arsenate onto the sediments collected

from alluvial flood plain of the Mississippi River. Data
obtained for adsorption of As(Ill & V), P(V), Co(Ill), Cu
(II) and Zn(II) onto mangrove sediment at pH 4, temper-
ature 30°C and salinity 15 psu are given in Table 3 for
comparison. I',, was found greater for cations i.e. Cu(Il),
Co(III), and Zn(II) than anions i.e. P(V), As(III) and As(V).
The sediment exhibited greater adsorption for P(V) than
As(V & TII).

Adsorption isotherm for both As(IIl) and (V) is a typical
isotherm (Fig. 2a) often found for chemical adsorption.
Adsorption of both As(IIl) and As(V) at pH 4 decreased
with increasing salinity which could be due to positive
potential (point of zero salt effect, PZSE >point of net zero
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charge, PZC) in the plane of adsorption (Bolan et al. 1986).
The extent of absorptions onto the sediment increased with
increasing concentration of arsenic in the liquid phase till it
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Fig. 3 a Adsorption isotherm (Cj, concentration in sediment versus

C,, concentration in artificial sea water) for As(V) (solid line) and

As(Il) (dotted line) b Plots of C,/C; versus C,, at temperature 20,
30°C and pH 4, salinity 15 psu

Table 2 Langmuir coefficient of sediment at pH 4 and S 15 psu

reached a limiting value corresponding to its maximum
capacity. The adsorption maxima I';,, was found to increase
with temperature rise, while bonding energy, K was greater
for As(V) than As(III), suggesting that mangrove sediments
conform to Langmuir adsorption with a monolayer
adsorption site exhibiting greater affinity to As(V) relative
to As(Ill). However, in both cases it can be regarded as
ligand exchange reaction with different degree of incor-
poration into the surface. Low affinity specific adsorption
in the sediment could induce additional negative charge by
cations (Cu, Co, Zn) for proton desorption and additional
positive charges by anions (P, As) (Mott 1981).

Adsorption kinetics

Adsorption kinetics of As(III) and As(V) are given in
Fig. 4. Adsorption was found to increase gradually with
time till a limiting value was reached. The rate of arsenate
adsorption was greater than arsenite and both obeyed a first
order kinetics.

Figure 5 represents the plot of 1/C,, versus ¢ for
As(V) and As(III) at S 15, pH 4 and temperature 30°C and
the curves are resolved into two linear portions represent-
ing two distinct types of adsorption sites. Adsorption rate
(K,) is faster in the first linear site I than in the site II for
both As(V) and As(III). However, As(V) exhibits faster
adsorption rate than As(III) in the site I. (Table 2). The rate
constants (K,) for As(V) and As(IIl) desorption from sed-
iment are lower than the rate constants (K) for adsorption,
indicating that desorption is the rate-limiting step. This is
in consistent with the hysteresis phenomenon observed for
sediment which show the kinetically controlled desorption
or irreversible adsorbtion of natural organic matter (Lu and

Equation Im (g g™ K (L mole™")
For adsorption isotherm, ¥ = CJ/C,, (g L™"), X = C,, (ug L™
T = 20°C
As(IID) Y = 0.0196X + 15.07, R* = 0.999, p < 0.001 75.76 0.336 x 10°
As(V) Y = 0.0302X + 8.13, R> = 0.991, p < 0.001 68.03 0.512 x 10°
T = 30°C
As(I1I) Y = 0.0123X + 9.74, R* = 0.996, p < 0.001 76.92 0.92 x 10°
As(V) Y = 0.012X + 2.53, R* = 0.998, p < 0.001 68.5 5.93 x 10°
Equation K; 7Y K, (mol L' h7Y)
For adsorption kinetics, ¥ = 1/Cw (L pg_l), X = time (¢) in hours (h)
T = 30°C
As(I1I) Site .Y = 2 x 107X + 3 x 107* R* = 0.93, p < 0.001 0.067 7.4 x 1073
Site ILY = 2 x 107°X + 3 x 107*, R* = 0.84, p < 0.001 0.007 7.5 x 107°
As(V) Site .Y = 8 x 107X + 3 x 107*, R* = 0.95, p < 0.001 0.27 7.7 x 107°
Site IY = 6 x 107X + 4 x 107, R? = 0.93, p < 0.002 0.015 43 x 1077
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Table 3 Thermodynamic parameters (partitioning coefficient, Ky in L kg™', maximum adsorption concentration, I'y, (ug g~ '), equilibrium
constant, K in L mol~! and AG in kJ mol™! for Cu(Il), Co(III), Zn(Il), P(V), As(V) and As(III) at pH 4, Temperature 30°C and salinity 15 psu

Tons Ky I'n K AG
Cu(II) 305.19 4,545.45 6.98 x 10° —21.93
Co(III) 536.29 2,857.14 221 x 10* —26.52
Zn(1I) 2,893.5 5,882.2 2.44 x 10* —25.03
P(V) 8,682.7 322.58 10.6 x 107 —22.85
As(V) 61.48 68.5 5.931 x 10° —10.376
As(IIT) 44.646 76.92 9.2 x 10* —9.57
a 3400 SEM4 o Asv)
—&— S 30 psu, AS(V) A AS(l)
3200 —&— S 15 psu, AS(V)
--0---S 30 psu, AS (III)
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Fig. 4 Adsorption kinetics for As(V) and As(IIl) at a pH 4, b pH 6,
¢ pH 8, at salinity 15, 30 psu and temperature 30°C

Pignatello 2002), heavy metals such as Cu and Zn (Wu
et al. 1999, Pan et al. 1999), and oxyanions such as P
(Villapando and Graetz 2001). Goethite (Grossl et al.
1997), similarly, exhibits desorption as the rate-limiting
step in the reaction with arsenate and Fuller et al. (1993)
suggested that rate limiting desorption of arsenate from
ferrihydrite could be limited by diffusional processes.
Variation of I',, maximum adsorbate (As) concentration

t (hr.)

Fig. 5 A plot of first order kinetic study of As(III) and As(V) on the
sediment at pH 4, S 15 psu and temperature 30°C

with respect to pH change is given in Fig. 6. A decrease in
adsorption with increase of pH from 4 to 8 was observed
for both As(II) and As(V). pH seems to be the most
prominent factor in controlling the partitioning of As(III &
V) to sediment (Sposito 1984), and Goldberg (2002) sug-
gested that the decrease of arsenate adsorption with
increasing pH could be attributed to the occurrence of
oxide and clays with less CaCOj; content in the sediment.
Hydrogen ion could affect the surface charge of the sedi-
ment (adsorbent) and the degree of ionization and the
speciation of the adsorbate (Xu et al. 1988). As(Ill & V)
speciation is pH dependent (National Institute of Standards
and Technology 2003) and proton bearing surface func-
tional groups on metal oxy hydroxide, clay minerals, and
organic material could also undergo pH dependent disso-
ciation. Although the pK; value of P(V) is 2.12 its I';;, was
found fivefold greater than As(V). Equilibrium constant for
P(V) adsorption was about 300-1,000 times greater than
that of As(IIT) and As(V). The reason is that the arsenate
and arsenites formed in the Fe(Ill) oxide phase (Manceau
1995) are more soluble than that formed by phosphate
(Parfitt et al. 1975) and the order of free energy change is
As(Ill) < As(V) < P(V) (Table 3). Authigenic mineral
precipitation of arsenate is unlikely in the surface sediment
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Fig. 6 Variation of I';, maximum adsorbate (As) concentration
(ug g~ ") with respect to pH change for a As(V) and b As(III)

(Langmuir et al. 2006). The values of AG calculated at
30°C are negative, indicating that the adsorption is a
spontaneous process and bonding forces are strong enough
to break the potential barrier. However, AG is more neg-
ative for As(V) relative to As(IIl), implying that arsenite is
more mobile than arsenate.

Therefore, at high pH values, As(Ill) and As(V) are
adsorbed in a lower extent and at low pH (i.e4) I', is
greater for Cu(Il), Co(Ill), Zn(Il) than P(V), As(V) and
As(IlI), suggesting that the surficial adsorption sites are
principally composed of organic matter (humic and fulvic
acids) via ligand exchange reaction and adsorption of
As(V) and As(Ill) occurs in both organic matter and
hydroxide phase. Lee et al. (1996) made equilibrium batch
measurements of the adsorption of Cd(I) on 15 New Jersey
soils and observed maximum sorbed concentration ranging
from 714 to 6,469 ug g~' mainly onto the soil organic
matter at pH 4, 5 and 6. Lower equilibrium constants
(K) for As(IIl) and As(V) relative to P(V) indicate that
slower adsorption and faster desorptions by the underlying
metal oxide phase, and reverse is the case for P(V), being
controlled by diffusion process (Dzombak and Morel
1990).

Stepwise multiple regression analysis supports two site
(Organic matter and Fe-oxide phase) hypothesis for As

@ Springer

adsorption in the sediment and important predictors for the
variation of As in the sediment are in the decreasing order
of importance of the (1) sites: organic carbon, OC%
(21.4%), Fe, mg kgf1 (15.5%) (2) ambient physico—
chemical parameters: pH (32.5%), T (3.4%), salinity, S psu
(0.5%) (As =102 4+ 4.2 OC 4 0.00613 [Fe] — 0.266
S 4 0.088T-1.58 pH, R* = 73.3%, p = 0.16, n = 12).
Significant contribution organic carbon for the variation of
arsenic concentration in core profiles supports the view
(Meharg et al. 2006) that arsenic is codeposited with
organic carbon in Bengal delta sediments, and on burial of
the sediment degradation of organic matter provide the
reducing conditions to dissolve Fe(Ill) oxides and release
arsenic into the pore water. Concentration of As in the
mangrove sediment (2.10-3.10 pg g~ ') being lower than
its concentration corresponding to maximum adsorption
capacity indicates release of arsenic to pore water by
microbial oxidation of organic matter (Jones et al. 2000)
with less feedback of adsorption.

Conclusions

Studies on adsorption—desorption behavior of As(V) and
As(Il) in the Sundarbans mangrove sediment using
Langmuir adsorption isotherm showed that (1) observed
concentration of arsenic in the sediment is well below the
concentration corresponding to its maximum adsorption
capacity which decreases for increasing pH from 4 to 8,
and desorption is the rate limiting step in the reaction of As
() & (V) with the sediment (2) a steady increase in the
arsenic concentration with depth in cores could be the
result of modified river flow after the commissioning of
Farakka barrage in 1975 (3) arsenic and organic matter
could be co-deposited and microbial degradation of organic
matter drives arsenic release from the sediment to pore
water with less feed back of adsorption leading to its
migration from sediment to overlying water.
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