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Abstract: Adsorption studies were conducted in the mangrove soils collected from South Western coast of India to
evaluate the potential of these soils to regulate Pb dynamics. Surface soils were collected (0-30cm) for the batch
experiments. Results show that pH, cation exchange capacity (CEC), texture and organic carbon (OC) effect the
sorption maxima of Pb in mangrove soils. The adsorption of Pb in the mangrove soils was best explained by
Langmuir adsorption isotherm model. Thermodynamic analysis show that the Pb adsorption in these mangrove
soils are non spontaneous and endothermic.
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I. INTRODUCTION

The most typical and pristine vegetation present in the coastal region is mangroves. They are halophytes seen worldwide
between latitudes 25°N and 25°S. It provides major ecosystem services from offering nesting and breeding habitat for
fishes and birds to providing a natural barrier against coastal erosion. It stores carbon approximately 2-4 times greater
than tropical forests [1]. One of the major functions of mangrove systems is to trap sediments, heavy metals and other
pollutants thereby preventing contamination of downstream water ways [2]. Among the different types of contaminants,
heavy metals are potential pollutants due to their toxicity, bio concentration and persistence [3], [4], [5], [6].The subject
field of heavy metal accumulation has been examined and reported in various nations, including India [7].

The mangrove systems along the Kerala coast suffers constant disturbances due to dumping of industrial and organic
waste and washing in of agricultural inputs. Mangrove systems along the Kerala coast are highly susceptible to heavy
metal contamination due to human interventions. Being a transition between the aquatic and terrestrial systems, heavy
metal pollution in these ecosystems would have an unwanted effect on both the adjacent soil and water systems.

Lead (Pb) is one of the most dangerous heavy metals due to its toxicity even at low concentration. It is present in soil in
both organic and inorganic forms and is usually derived from the combustion of alkyl Pb additives, cable coverings,
batteries and its connected industries, plumbing ammunition, paints, caulking, sound and vibration absorbers [8],[9].Lead
exposure mainly affect nervous and reproductive systems and its exposure may lead to nausea, anorexia, insomnia,
inhibition of heme synthesis, mental retardation, birth defects, autism, psychosis, dyslexia, allergies, hyperactivity, shaky
hands, weight loss, muscular weakness and paralysis [10],[11].

Heavy metals may change their form chemically or physically when it is sorbed or bound by natural substances like soil,
which may decrease or increase their mobility [12] and they may react with various species in the soil, vary oxidation
states and precipitate [9]. Heavy metal adsorption in soil depends on soil type, metal speciation, metal concentration, pH,
soil: solution mass ratio and contact time [13],[14]. Soil pH is a major factor that determines the sorption behaviour of
heavy metals [15], [16]. Earlier studies on the sorption behaviour of Pb using isotherm models [17], [18] show that the
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adsorption - desorption properties of Pb in soil could be effectively explained by Langmuir and Freundlich models. As the
sorption of Pb and its subsequent bioavalability in soil is controlled by thermodynamic parameters, scrutiny of these the
parameters like free energy change (AGO0), entropy (AS0) and enthalpy (AHO) were considered an upright path to explain
the adsorption and mobility processes of the metal [19],[20],[21], [22],[23]. The objective of the present work was to
thermodynamically evaluate the adsorption pattern of Pb in the mangrove soils of Kerala.

Il. MATERIALS AND METHODS
A. Study area and soil sampling

Surface soil samples (0-30 cm) were collected from mangrove areas of Thrissur, TRsc (10°54°61.9”N, 76°06°42.5”S),
Kannur, KA¢, (12°1°13.017°N 75°50.95°’S) and Kollam, KO¢ (8°56°14.50°N ,76°33°26.39°"S) districts of Kerala by core
method. Care was taken to select only natural mangrove systems and planted systems were avoided to minimize biases.
The collected samples were air dried and sieved (2mm) for further analyses. About sixteen mangrove species were
observed in the selected sites. The study sites experiences a tropical humid climate with an average rainfall of 2352.6
mm, 3351mm an 2468mm in Thrissur, Kannur and Kollam respectively, and mean yearly temperature of 27°C.The
collected soil was characterized for their physicochemical parameters and heavy metals using standard protocols [24].
Total heavy metals were examined by using acid digested soil samples and set by atomic absorption spectrophotometer.

B. Adsorption Studies

Batch experiments were used for the study. The batch adsorption studies were conducted by incubationg 1g of soil
samples with different Pb concentrations viz. 0, 2.5, 5, 10, 20, 40, 60, 80, 100 and 120mgL™in 25ml centrifuge tubes at
25°C and 40 °C . The Pb solutions were prepared from stock solutions using 0.01MCaCl, and adjusted to soil pH using
Ca(OH), or HCI. A 1:10: soil: solution ratio was maintained and this soil suspension was shaken for 3 hours at each
temperature followed by centrifugation at 3000rpm for 15minutes.The separated supernatant was characterized for Pb
contents in atomic absorption spectrophotometer (VARIAN AA240) and pH. The difference between the initial and final
concentration of Pb (at equilibrium) in the solution was considered as Pb adsorbed to the soil particles.

C. Langmuir adsorption isotherm
The Langmuir adsorption isotherm was determined by following the formula
Qe= QMmax*K*C/1+K*C, 1)

WhereQe is the equilibrium adsorption capacity of Pb(mg g™), Ce is the equilibrium liquid phase concentration of Pb (mg
L), Omax is the maximum adsorption capacity, (mg g*) and K is adsorption equilibrium constant (L mg™). The
adsorption isotherms were fitted by plotting Ce against Qe using R software version 3.5.1.

D. Thermodynamic Studies

Thermodynamic considerations of an adsorption process are required to resolve whether the process is spontaneous or not.
The sorption data of Pb from two different temperatures were applied to define the thermodynamic reactions. The
thermodynamic parameters of Gibb’s free energy change, AG®, enthalpy change, AH®, and entropy change, AS®, for the
adsorption processes were assessed using the following equations:

AG’= —RT InK 2)

AG®= AH°-TAS® (3)
WhereR is the universal gas constant and T is the absolute temperature in K
Enthalpy change (AH®) was calculated as

AH=In-(Ki/Kp)* R (UT-UT))  (4)

Where K;and K; are the thermodynamic equilibrium constants at temperatures298 K and 313 K respectively. Entropy
change AS° of adsorption was determined as

AS= (AH®- AG®)/T (5)
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I11. RESULTS AND DISCUSSIONS
A. Physico chemical characteristics of soil

The soils were alkaline in reaction. Electrical conductivity (EC) values ranged from 0.9 —2.8dS/m and organic carbon
contents varied from 0.57-1.7%. Bulk density gives an indication of soil permeability and root growth suitability which
varied in the order KOg < KAg <TRgc,. Cation exchange capacity (CEC) ranged from 7.9 — 12.1 cmols (+) kg™ soil.
Sandy clay loam texture was found in TRsc. where as sandy loam texture was found in KAg_and KOg, (Table I).

TABLE I: Physico chemical characteristics of mangrove soil (Mean + SE)

Sampling pH EC oC BD CEC Sand Clay Silt
location ds/m % glem® cmols(+)kgt % % %

soil
TRscL 6.9+0.23 0.9+0.3 1.6 £0.16 0.89+0.005 12.1+0.18 61.4+0.24  30.2+0.15 8+0.05
KAg 7.03+0.2 1.37£0.74 1.7+0.28 0.72£0.01 1043+0.24 81.6+0.14 16.0+0.05 1.9+0.05
KOs,

8.03+0.6 2.8+13 0.57+0.04 0.4+ 0.01 7.9+0.05 81.5+0.34  15.9+0.1  1.9+0.05

B. Variation of Pb sorption at different temperatures

Table I1: Adsorption and bonding energy coefficient of Pb in mangrove soils at 25°C and 40°C

Sampled sites 25°C 40°C
Q max k Q max(10°) K (10°)
(mg Kg™) (Lmg™) (mg Kg™) (L mg™)
TReeL 22,59 -0.105 1.23 432
KAsL 4.81 -0.149 0.08196 4530
KOs 16.24 -0.157 0.14928 30

The binding coefficient K derived from Langmuir isotherm is a measure of the shape of an isotherm, where higher k
values indicate increasingly nonlinear isotherms. Curvature in the isotherm (high k) indicates sorption to high affinity
sites at low Pb concentrations, and the decrease in slope observed at higher Pb concentrations may indicate progression to
lower affinity chemical and physical adsorption sites. In TRsc, soils had a higher Pb bonding energy (4.32*10°L mg™)
followed by KAg (4.53 L mg™) and KOg_ soils (0.03 L mg™) (Table 2). In general, the k values of adsorption isotherms at
40°C temperatures were found to be higher than that at 25°C. At 40°C, the maximum k value was observed in TRgc, soil
(0.00432 L mg™) and minimum in KOg_ soil (0.03 L mg™), reflecting the fact that adsorption isotherms were more
nonlinear in the former and gets converted to more linear forms with rising temperature. The faster rates of adsorption
with rising temperature could be attributed to the acceleration in the rate of aggregation [25] . Adsorption was maximum
in soils with high clay content (TRsc. having clay content of 30%). It shows that high amount of clay drive the sorption
capacity by high density of edge and planar sites [26],[27] and depending on the type of clay will promote sorption to
change from physisorption to chemisorption [28].Consequently type and quantity of clay colloids in these systems can be
considered primarily responsible for Pb adsorption in these soils. However, adsorption with low bonding energies may
pose threats when subjected to high degrees of contamination due to the inability of soils to strongly hold the metals and
eventually leaching them to ground water.

In general, Qmax for Pb adsorption was found to be maximum in TRsc, at 40°C. The study indicated that the adsorption
of Pb was endothermic and increased with rising temperature (Table 3 and Figures 1 a -3b). Organic matter decomposes
under higher temperatures releasing organic moieties which help in the formation of stable soluble metal organic
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complexes of Pb in the soil solution [29] . Alkaline soils favour the adsorption faster may be due to the precipitation of
PbCO; as well as the formation of Pb (OH)C by competitive decrease between the HC and Pb [30], [31], [32]. Soon (33)
show that at high pH, raising the adsorption of metal cations due to surface charge become more negative. Frost and
Griffin [34] reported that soils dominant in 2: 1 type of clay such as montmorillonite accelerate the rate of adsorption of

metal.
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Fig. 1a. Langmuir adsorption isotherm TR, at 25°C

Fig. 1b. Langmuir adsorption isotherm TRgc, at 40°C
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Fig . 2a. Langmuir adsorption KAg, at 25°C

Fig.2b. Langmuir adsorption KAg, at 40°C
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C. Thermodynamic properties of Pb sorption

Table 111 : Thermodynamic behaviour for Pb sorption at two different temperatures

Sampling AG® AH® (10°) AS°
location (kJ mol™) (kJ mol™) (3 mol*K™)

25°C 40°C 25°C 40°C
TRscL 5.58 14.17 4.27 -0.018 -0.045
KAs 4.71 -3.93 -4.5 -0.015 0.012
KOs, 4.57 8.90 2.1 -0.015 -0.028

The thermodynamic parameters such as standard free energy (AG®), standard enthalpy (AH®) and standard entropy (AS®)
were computed at both 25°C and 40°C (Table I11). The measured values of AG® were positive in all sampling sites at both
temperatures except in KAg, at 40°C (-3.93 kJ mol™). The positive values of AG® indicated that the Pb sorption process in
the mangrove soils is possible only with an expenditure of energy or at higher temperatures. The process is not essentially
spontaneous and adsorption preference of Pb by mangrove soil colloids is less. The same was confirmed in Langmuir
sorption isotherm as well. For example in KAg,, at 40°C, AG® was negative indicating more Pb adsorption and spontaneity
at high temperature. This is in agreement with the studies of Jurinak and Bauer [35] and Duitta et al. [36]. The AH? showed
that the values were positive except KAg,_ at high temperature. This intimates that the reactions were endothermic in
nature. Nevertheless, in KA, at high temperature, AH® was negative and exothermic which may be owing to the various
types of hydrated species of the metal ions [37].The positive standard entropy value (AS®) observed in KAg,_ soils (0.012
kJ mol™) with rising temperature showed that during adsorption structural changes occur on the adsorbent, and
randomness at the solid/liquid interface in the adsorption system. Conversely, this indicated that the degree of
disorderness in adsorption processes were lower at rising temperature [23].

Table IV shows that sorption maxima was highly and negatively correlated with silt (-0.928**), clay (-0.754*), CEC (-
0.754*) and BD (-0.771%*).

Table 1V: Correlation Coefficient of Soil parameters, Qmax and Thermodynamic properties

Soil characteristics Qmax AG’ AS° AH’

pH 0.866 -0.500 0.866 0.500
EC 0.500 -0.500 0.752 0.611
ocC 0.429 0.541 -0.429 -0.071
BD -0.771* 0.851 -0.776 0.366
CEC -0.754* 0.871 -0.801 0.403
Sand 0.714 -0.991" 1" -0.873
Clay -0.771* 0.993" 17 0.866
Silt -0.928** 0.992" 17 0.871

*. Correlation is significant at the 0.05 level .**.Correlation is significant at the 0.01 level
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IV. CONCLUSIONS

The study point out that Pb adsorption data can be explained satisfactorily by Langmuir isotherms. The soil properties
such as silt, clay, pH, CEC and organic carbon can be considered as most key factors liable for the Pb adsorptive capacity
of soils. Thermodynamic studies show that Pb sorption reaction in the mangrove soils are non spontaneous. The study
elucided that the mangrove areas of Kerala would be vulnerable to Pb toxicity under higher releases of this metal to the
environment as the Pb adsorption by these soils are non spontaneous and higher quantities could be retained only with the
expenditure of energy.
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