
Journal of Environmental Research And Development                                Vol. 6 No. 3, Jan-March 2012 

523

INTRODUCTION 

Excessive release of inorganic/organic pollutants
into water due to industrialization agricultural
operations and urbanization has posed a great
environmental problem worldwide. Heavy metals
are considered as hazardous pollutants due to
their toxicity even at low concentration and
non-biodegradable properties1-2. Presently, it is
appearing as an increasing and alarming
challenge to the researchers and environmental
control agencies for polluting the water and soil
resources severely through the indiscriminate
disposal of metals and organics in the
environment. As a result of the serious efforts of
researchers all over the world in the field of
pollution control and management, a number of
methodologies with varying degree of success
have been developed to manage water pollution.
Coagulation, foam flotation, precipitation, ion
exchange, filtration, solvent extraction,

electrolysis, chemical oxidation, membrane
technology and adsorption on activated carbon
are the conventional methods for the removal of
heavy metal ions and organics such as dye,
surfactants from aqueous solution3-4. However,
these methods have their own limitations and all
of which may be ineffective or extremely
expensive, when the adsorbate species are
dissolved in large volumes of solution at relatively
low concentration1,3. Adsorption is a very
effective separation technique and now it is
considered to be superior to other techniques for
water treatment in terms of initial cost, simplicity
of design, and ease of operation and insensitive to
toxic substances5. 
A commonly used adsorbent, activated carbon
has a high capacity for the removal of inorgan-
ic/organics6-7. But some of its disadvantages are
the high price of treatment and difficult to
regenerate which gives the increase in cost of the
wastewater treatment. Thus there is demand for
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the other adsorbents which are made up of
inexpensive material and does not require any
additional pre-treatment such that the adsorption
process will become economically viable. A large
amount of solid wastes are produced in the
agricultural sector in most countries of the world.
A major part of this waste is normally used as a
domestic fuel. However, for better utilization of
this cheap and abundant agricultural waste, it can
be explored as a low cost alternative adsorbent
owing to relatively high carbon content and
presence of porous structure. Recently some
agricultural and forestry products and wastes
have been recognized as new adsorbent. Several
kinds of low cost agricultural by-product such as
sugarcane bagses, rice husk ,cereal chaff ,
azadirachta indica leaf powder, giant duckweed,
sawdust , barley husk, orange peel, castor seed
shell, physic seed, coconut husk have been
reported for the removal of inorganic/organic
pollutants from waste water2,6.  Activated carbon
from rubber seed coat has been found to be an
effective adsorbent in the removal of phenol from
its aqueous solution3. Rice husk is an agricultural
waste material generated in rice producing
countries, especially in Asia2. In recent years,
attention has been focused on the utilization of
unmodified or modified rice husk as an adsorbent
for the removal of pollutants2. 
Adsorption  capacity of rice husk depends on
various system parameters such as initial ion
concentration,  solution pH, particle size, amount
of adsorbent and temperature.Various researchers
are reported on the application of raw or modified
rice husks in the removal of pollutants such as
Cr(VI), Cu(II), Zn(II), and Cd(II)  etc2 and
readers are encouraged to go through  the respective
review  article8 various other agricultural wastes
such as bagses pith, maize cob, rice husk and
coconut shell has been reported to be an efficient
adsorbent in the removal of dyes and other
organics from aqueous solution9. A wide variety
of carbons have been prepared from agricultural
and wood wastes such as bagses, coir pith,
banana pith, date pits, sago waste, silk cotton
hull, corn cob, maize cob, straw, rice husk, rice
hulls, nutshells, pinewood, sawdust, coconut tree
sawdust, bamboo which are useful in the removal
of inorganic/organics from their aqueous solution
by adsorption3,9. The role of sawdust materials in

the removal of pollutants from aqueous solutions
has been reviewed10. Another waste  product
from the timber industry is bark, a
polyphenol-rich material. Bark is an abundant
forest residue which has been found to be
effective in removing dyes from water solution9.
Because of its low cost and high availability, bark
is very attractive as an adsorbent. Tree fern, an
agricultural by-product, has been investigated to
remove pollutants from aqueous solutions9,11.
Activated carbon from used tea leaves has been
reported in the removal of phenols from aqueous
solution3. Bagasse pitch is a waste product from
sugar refining industry. Bagasse pitch is
composed largely of cellulose, pentose and
lignin2 studied on adsorption of Cd(II) and Pb(II)
onto functionalized formic lignin from sugar cane
bagses. It was found that adsorption process
depends on solution pH, temperature and
followed Langmuir adsorption isotherm. It was
also reported that soybean hull modified with
citric acid is a good adsorbent in the removal of
heavy metal ions from their aqueous solution2.
Basically, in recent years there has been
explosive growth in research concerning the use
of cellulosic materials, either in their as-received
state or as modified products, for the removal of
heavy metal ions and organics from dilute
aqueous solutions8. 
Despite highly promising reports of progress in
this area it is still essential to understand the
mechanism and kinetics of adsorption, because
the studies of adsorption kinetics and mechanism
are ultimately a  prerequisite for designing an
adsorption column.
Large quantities of pine cones are produced
annually throughout the world. The ovulate cone
is the well-known cone of the Pinus and other
conifers. Each cone is composed of an axis upon
which are borne, in a spiral fashion, a large
number of woody scales. Two megasporangia, in
ovules develop on the upper surface of each
scale. Upon maturity they become seeds12. The
scales of the mature cone are composed of
epidermal and sclerenchyma cells which contains
cellulose, hemicelluloses, lignin, rosin and
tannins in their cell walls4. Cone biomass is a
waste itself and a readily available adsorbent.
Only few studies such as Pinus Sylvester's have
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been used to remove chromium (VI) from its
aqueous solution which has been reported12.
Removal of copper (II) from   aqueous solution
by pine cone powder as  biosorbent has been
reported13. 

AIMS AND OBJECTIVES 

The present study is aimed to study a convenient
and economic method for methylene blue
removal and anionic surfactant, SDS from water
by adsorption on a low cost and an abundantly
available adsorbent such as  an ovulate cone
biomass of Pinus radiate. Another agricultural
by-product castor hull (an agricultural product) is
the residue obtained during oil extraction from
the seed of the castor plant (Ricinus Communis).
Since castor seed contains roughly 50% oil and
50% residual meal/hull, a large tonnage of
meal/hull is generated each year in meeting world
demand for castor oil. The castor hull is high in
fiber. Although many research works have been
done recently to find the potential of using
various alternative adsorbents, so far no efforts
have been made towards castor hull as an
effective adsorbent for metal ion removal
compared to activated carbon. Therefore author
here also presented the application of castor hull
in the removal of Zn(II) and Cd(II) from their
aqueous solution. Mercury is one of the most
toxic element among heavy metal ions14. Various
living and non-living biosorbents such as dried
plant leaves, roots , wheat shell, tea leaves, castor
tree leaves, palm shell, and fruit shell of
Terminalia catappa have been reported  to
remove mercury from aqueous solutions14. There
are many others adsorbents for mercury removal
which has been reviewed15 and readers are
encouraged to go through this article. Rambai
tree (Baccaurea   motleyana) is a species of fruit
tree which grows wild in parts of Southeast Asia
and is cultivated for its fruit in Thailand and
Peninsular Malaysia. The evergreen leaves are
shiny green on the upper surface and greenish-brown
and hairy underneath. 
A literature search reveals that no work has been
reported on the use of Rambai tree leaves as an
effective biosorbent for mercury removal from
aqueous solution. So an attempt has been made to
study the feasibility of Rambai tree leaves, a

cheap, easily available biosorbent for the
adsorption characteristics of mercury,  particularly
when level of Hg(II) concentration ranges are
very low. There are large numbers of literature
available on surfactant-enhanced organics
removal which is reviewed by Paria16 but very
few studies are available on surfactant-enhanced
inorganic, particularly heavy metal ion removal.
This is more pronounced whenever adsorbent is
low cost agricultural by product. To the best of
our knowledge there are no reported studies for
sorption of heavy metal cations such as Cd (II) by
Physic seed hull in presence of anionic surfactant
such as Sodium Dodecylsulfate (SDS). Moreover,
systematic studies on Cd (II) adsorption characteristics
on various agricultural by-products as adsorbent
under various physicochemical parameters are
limited and also are very scarce. Therefore, this
research also focuses on the application of  anionic
surfactant to improve the efficiency of Physic
Seed Hull (PSH) on the adsorption of metal ion
from contaminated water resources.  It is shown
that the adsorption of Cd2+ onto PSH is influenced
dramatically by the presence of  anionic
surfactants.

MATERIAL  AND  METHODS
All chemicals used were of analytical grade.
Stock standard solution of inorganic metal ions
has been prepared by dissolving the appropriate
amount of its nitrate salt in deionised water,
acidified with small amount of nitric acid.
Similarly stock solution of anionic surfactant,
SDS also prepared. This stock solution was then
diluting to specified concentrations. The pH of
the system was adjusted using reagent grade
NaOH and HNO3 respectively. Pine tree cones
(Pinus radiate) were obtained from the campus
of Curtin University of Technology, Perth
Western Australia and it was collected between
February-March 2010. The cones were washed
thoroughly with distilled water to remove impurity
such as sand and leaves, the washed cones were
then dried at 70oC for 24 hrs in an oven. 
The scales on the dried cones were then removed
and ground in a crusher. The resultant ground
pine cone powders were passed through British
Standard Sieves (BSS) of 150 µm and then
collected in an airtight plastic container and used
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for analysis as well as for adsorption
experiments. Pine cone biomass powder was
analysed by the Spectrum 100 FT-IR
Spectrometer to determine functional groups.
The Physic Seed Hull (PSH) was  collected from
local source of Malaysia (Bota, Perak). The hull
was repeatedly washed with water to remove
adhering dirt and soluble components until the
washings were colourless. It was then oven-dried
at 85oC until the weight become constant. The
washed and dried materials were crushed and
sieved into different size fraction. The hull was
sieved using laboratory sieve to obtain sample
with size of 0.6mm. The hull was characterized
by Fourier Transform Infra-red (FTIR)
Spectroscopy, to analyse the organic functional
groups in the adsorbent. The castor hulls are used
as adsorbent in this study was also obtained from
Malaysia.  It was extensively washed with water
to remove adhering dirt and soluble components
and then was oven dried at 50-60oC until
constant weight. The washed and dried material
was crushed. Caster hull was characterized by
FTIR, XRD and SEM respectively. The
biosorbent in this study was leaves of Rambai
tree (Baccaurea motleyana) which were collected
from Malaysia. The leaves were soaked and
cleaned with double distilled water at room
temperature (30oC) for 2 hours. It was then dried
at 70oC and finally cut into the small pieces and
ground in a mortar. Size of leave powder was
measured by Malvern Master Sizer. The mean
particle size was 35.28 µm for which specific
surface area was 0.162 m2/g. The surface
Functional groups were analysed by Fourier
Transform Infrared Spectrometer (FTIR)
(Shimadzu FTIR 84005) respectively. All plastic
sample bottles and glassware were cleaned, then
rinsed with deionized water and dried at 60oC in
a temperature controlled oven. All measurements
were conducted at the room temperature (28+2oC).
The concentration of heavy metal ions were
measured using double beam flame atomic
absorption spectrophotometer. Methylene blue
dye and surfactant concentration was measured
by UV spectrophotometer at a particular
wavelength.

Adsorption procedure : Adsorption measure-

ments were determined by batch experiments of
known amount of the            sample with 40 ml
of aqueous adsorbate                solutions as per1

in a series of 60 ml plastic bottles. The mixture
were shaken in a constant temperature orbital
shaker at 120 rpm at 30oC for a given time and
then the suspensions were filtered through a what
man glass micro filter and the filtrates were
analysed using flame atomic absorption

spectrophotometer with air-acetylene flame. The
experiments were carried out by varying
concentration of initial adsorbate concentration,
contact time, amount of adsorbent, temperature
and pH of initial suspension. The amount of
adsorption retained in the adsorbent phase was
calculated according to

Where C0 (mg/l) and Ct (mg/l) are the
concentration in the solution at time t = 0 and at
time t, V is the volume of solution (L) and m is
the amount of adsorbent (g) added. 
The kinetics of adsorption was carried out at low
and high initial metal ion/dye concentration and
at different pH using same adsorption procedure
started above. The only difference was that
samples were collected and analysed at regular

time interval during adsorption process.
The transient behaviour of the metal ion/dye
adsorption process was analysed using two
adsorption kinetic models pseudo first and
pseudo-second-order rate models. The rate
constant of adsorption was determined from
pseudo-first-order rate model as4

Where qt and qe represents the amount of metal
ion adsorbed (mg /g) at any time t and at

equilibrium time respectively and K1 represents
the adsorption first-order rate constant (min-1).
Plot of Log (qe - qt) versus t gives a straight line
for pseudo first-order adsorption kinetics which
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allow computation of the rate constant K1 .

The pseudo-second-order model based on
equilibrium adsorption is expressed as4 :
A plot between t / qt versus t gives the value of
the constants K2 (g / mg/h) and also qe (mg / g)
can be calculated.
The Constant K2 is used to calculate the initial
sorption rate h, at t0, as follows
Thus the rate constant K2, initial adsorption rate
h and predicted qe can be calculated from the plot
of t / q versus time t using Eq. 3. 

RESULTS  AND  DISCUSSION
Kinetics of inorganic/organic adsorption on
various agricultural by-products effect of
contact time and initial concentration on the
removal of metal ions by castor seed hull

Fig. 1 represents a plot of the amount of cadmium

metal ion adsorbed (mg / g) by castor seed hull
versus contact time for different initial metal ion
concentration of 5, 10, 20 and 30 ppm (mg /l)
respectively, whereas Fig. 2 represents a plot of
the amount of zinc metal ion adsorbed (mg / g)
versus contact time for different initial metal ion
concentration of 5, 10, 20 30 and 50 ppm (mg /l)
respectively.
From these plots (Fig. 1 and Fig. 2) it is found
that the amount of adsorption i.e. mg of adsorbate
per gram of adsorbent increases with increasing
contact time at all initial metal ion concentrations
and equilibrium is attained within 250 min for
both the systems. Further it was observed that the
amount of metal ion uptake, qt (mg/g) is
increased with increase in initial metal ion
concentration. This kinetic experiment clearly
indicate that adsorption of zinc metal ion (Zn2+)
and cadmium (Cd2+)  metal ion on castor hull fol-
lows  three steps process.  
A rapid adsorption of metal ion, a transition
phase and an almost flat plateau section. First
step is attributed to the instantaneous utilization
of the most readily available adsorbing sites on
the adsorbent surface (bulk diffusion). Second
step, exhibiting additional removal, is attributed
to the diffusion of the adsorbate from the surface
film into the macro-pores of the adsorbent (pore
diffusion or intraparticle diffusion), stimulating
further   movement of metal ion from the liquid
phase onto the adsorbent, castor hull surface. The
last stage is an equilibrium stage.  These three
steps processes are also confirmed by diffusion
model fitted with these experimental data which

are not shown here.
Fig. 3 shows the adsorption kinetic of Cd2+ on

2
2 eqKh  )4(
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Physic Seed Hull (PSH) in the presence of
anionic surfactant SDS. Concentration of Cd2+ :
30 ppm. PSH of 0.4 g (0.6mm) was mixed with
100 ml of Cd2+ solution.
Again it was found that the whole process is more
or less three steps processes like castor seed hull.
In the presence of SDS (Fig. 3) the
adsorption of Cd2+ reached equilibrium
within 3 hours. The adsorption rate of Cd2+

decreased from 5.3277 mg/g to 3.671 1mg/g
with the increases of SDS in the solution. The
adsorption of Cd (II) at particular pH occurs
by electrostatic attraction between Cd (II) and
hydrophilic groups of  surfactants adsorbed on
PSH.
The effect of contact time and metal ion
concentration on the biosorption of Hg (II)
was investigated at different initial Hg (II)
concentration onto Rambai leaves biosorbent
and results are presented in Fig. 4. It was
found that the amount of biosorption, i.e.
milligrams of adsorbate per gram of
biosorbent, increases with increasing time at
all initial metal ion concentrations, and
equilibrium is attained within 180 min (Fig.
4). It is also found that the removal of metal
ion by biosorption on Rambai leaves is very

fast at the initial period of contact but slowed
down with time. This kinetic experiment clearly

indicates that biosorption of mercury metal ion
(II) on Rambai leaves is a more or less two
steps process, a very rapid sorption of Hg (II)
to the external surface is followed by possible
slow intraparticle diffusion in the interior of
the biosorbent. The rapid kinetics has significant
practical importance, as it facilitates smaller
reactor volumes, ensuring high efficiency and
economy.  The effect of contact time on the
adsorption of methylene blue dye was also
investigated at  different initial dye concentration
onto pine cone adsorbent and results are
presented in Fig. 5.
It can be noticed that the amount of adsorption

i.e. mg of adsorbate per gram of adsorbent
increases with increasing contact time at all
initial dye concentrations and equilibrium is
attained within 180 minutes. This kinetic
experiment clearly indicates that adsorption of
methylene blue dye on pine cone is a more or
less two steps process,  a very rapid adsorption
of dye to the external surface is followed by
possible slow intraparticle diffusion in the
interior of the adsorbent. This two stage dye
uptake can also be explained as adsorption
occurring onto two different types of binding
sites on the adsorbent particles.
Fig. 6 presented the amount of anionic
surfactant SDS adsorption by pine cone
biomass increases with time and also increases
with initial surfactant concentration.

Fig. 4 : Effect of contact time on Hg(II) biosorption
by Rambai leaves with different metal ion

concentration, Initial solution pH = 4, Amount of
biosorbent = 0.1 g, Temperature = 30 0C, Shaker

speed = 160 rpm.

Fig. 5 : Effect of contact time and initial solution
concentration on the adsorption of methylene blue

onto pine cone powder, Mass of adsorbent = 20 mg,
Volume of dye solution = 50 ml, pH=6.16,

Temperature = 30°C, Shaker speed = 120 rpm
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Effect of initial solution pH on inorganic/
organic adsorption kinetics

It is well documented that pH is one of the
important parameters affecting adsorption of
heavy metals. The effect of initial solution pH on
the amount of adsorption of Cd2+ ions by castor
hull at two different initial metal ion
concentrations is shown in Fig. 7 and the solution
pH effect on Zn2+ by castor hull is shown in
Fig. 8 respectively.  The removal of metal ions
was found to increase when the solution pH was
increased from 3.0 to 6.0 for both the systems.
The maximum uptakes of both metal ions are
obtained at about pH of 6.0 within this time
period and solution pH range. This dependence of
metal uptake on pH may be related to the
functional groups of the castor hull and /or the
solution chemistry. Castor hull primarily contain
weak acidic and basic functional groups and
carboxyl groups (-COOH) are the important
groups for metal uptake by castor hull or other
agricultural based biomaterials. The minimal
adsorption at low pH may be due to the higher
concentration and high mobility of the H+, which
are preferentially adsorbed rather than metal
ions5.

Fig. 6 : Effect of initial concentration of solution on the adsorption of sodium dodecyl sulphate (SDS) onto
pine cone  biomass, dose of adsorbent = 20mg, volume of surfactant (SDS) solution = 75mL, pH=5.36, tem-

perature = 20°C, shaking speed = 125rpm
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The effect of pH on the biosorption of Hg (II)
ions onto Rambai leaves biomass was studied by
changing initial solution pH values in the range
of 2-8 and results are presented in Fig. 9. It has
been found that the biosorption of Hg (II) on
Rambai leaves increased with pH up to 4 and
then declined with further increase in pH. In
general, most metal sorption is enhanced with
pH, increasing to a certain value followed by a
reduction on further pH increase14.

is presented in Fig. 10. The maximum amount of
adsorption occurred at pH 7.49 and the
minimum extent observed at pH 4.28.  At pH

9.98, the amount of adsorption increased sharply
at the beginning of 50 minutes contact time and
decreased afterwards.  
Effect of adsorbent dosage on metal ion/
organic adsorption kinetics 

It was found that the increase in adsorbent dosage
resulted in decrease of amount of adsorption for
which all plots are not presented here. As per
example Fig. 11 shows the effect of pine cone
dosages on the removal of SDS from aqueous
solution. The decrease in amount of adsorbed
species, qe (mg/g) with increasing adsorbent
mass is due to the split in the flux or the
concentration gradient between the solute
concentration in the solution and the solute
concentration in the surface of the
biosorbent14. Thus with increasing adsorbent
mass, the amount of inorganic/organics
adsorbed onto unit weight of the biosorbent
gets reduced, thus causing a decrease in qe
value with increasing adsorbent mass
concentration. Although the number of
adsorption sites per unit mass of an adsorbent
should remain onstant, independent of the
total sorbent mass, increasing the adsorbent
amount in a fixed volume reduces the number
of available sites as the effective surface area
is likely to decrease.

Fig. 9 : Effect of solution pH on Hg(II) adsorption
by Rambai tree leaves the effect of solution pH on

the capacity of pine cone biomass in the 
removal of SDS 

Fig. 10 : Effect of pH of the initial solution on the adsorption of sodium dodecyl sulfate (SDS) onto pine
cone biomass, initial concentration of the surfactant solution = 50ppm, dose of adsorbent = 20mg, volume of

surfactant (SDS) solution = 75mL, temperature = 20°C, shaking speed = 125rpm
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Adsorption kinetic model

In this study, two most widely used kinetic
models; pseudo-first-order and pseudo-second-
order were employed which are described in
earlier section. In the pseudo-first-order model,
the rate constant k1 and correlation coefficient,
R2, were determined by plotting log (qe - qt)
against time, t which is not shown here with very
poor regression coefficient, R2 with range of
0.60 to 0.74 for various physicochemical
parameters. Moreover, pseudo-first-order kinetic
model predicts a much lower value of the
equilibrium adsorption capacity than the
experimental value for this system and hence it
gives the inapplicability of this model. But the
pseudo-second-order kinetic model is fitted very
well with very high regression coefficient (R2) of
>0.98 for all the systems Cd/Zn_castor hull,
Hg-Rambai leaves, SDS-Pine cone and dye-pine
cone respectively for which all plots are not
presented here.17

Adsorption equilibrium isotherm

The most appropriate method in designing the
adsorption systems is to have an idea on
adsorption isotherm. Therefore, the adsorption
equilibrium data were fitted for Langmuir,
Freundlich isotherms within metal ion /dye
concentration range. Linear regression was

frequently used to determine the most fitted
isotherm.
The Freundlich adsorption isotherm, which
assumes that adsorption takes place on
heterogeneous surfaces, can be expressed as1,18

Where qe is the amount of metal ion adsorbed at
equilibrium time, Ce is equilibrium concentration
of zinc metal ion in solution. Kf and n are
isotherm constants which indicate the capacity
and the intensity of the adsorption respective-
ly18and can be calculated from the intercept and
slope of plot between ln qe and ln Ce which are
not shown here
According to Langmuir model, adsorption occurs
uniformly on the active sites of the adsorbent and
once an adsorbate occupies a site, no further
adsorption can take place at this site. Therefore,
Langmuir-2 isotherm equation was tested with
this same metal ion concentration range. The
linearized form of Langmuir-2 can be written as18

The Langmuir constants, qm (maximum

Fig. 11 : Effect of adsorbent dosage on the adsorption of Sodium Dodecyl Sulfate (SDS) onto pine cone
biomass, initial concentration of the surfactant solution = 50ppm, volume of surfactant (SDS) solution

= 75mL, pH=5.36, temperature  = 20°C, shaking speed = 125rpm
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adsorption capacity) and Ka (values for
Langmuir (2) are predicted from the plot
between 1/qe versus 1/Ce which are not pre-
sented here. Table. 1 presents the fitted
Freundlich isotherm and Langmuir isotherm

parameters for both Cd-Castor hull and
Zn-Castor hull system. These monolayer
adsorption capacities for both metal ions are
comparable with other agricultural based
adsorbents.

Table. 2 presents the fitted Freundlich isotherm
and Langmuir isotherm parameters for
Cd-Aerosol, Cd-SDS and Cd2+ systems. These
monolayer adsorption capacities for Cd2+ are
comparable with other agricultural based

adsorbents. Similarly Table. 3 the various
isotherm parameters for SDS-pine cone system.
It can be concluded from all systems isotherm
studies that Langmuir isotherm is best fitted with
most the systems.

Table. 1 : Isotherm parameters for both  Cd-Castor hull and Zn-Castor hull system. 

Table. 2 : Isotherm parameters for the effect of anionic surfactant on the 
adsorption of Cd2+ using PSH

System Freundlich n Freundlich Kf R2 Langmuir Ka Langmuir qm R2

Cd-Castor hull 1.954 1.496 0.943 0.260 6.9832 0.999

Zn_castor hull 1.985 1.621 0.957 0.3269 6.724 0.988

Isotherms Parameters Aerosol 22 SDS Without Surfactant
Freundlich 1/n 0.6810      0.7540 0.5730         

Kf 1.2330     0.8800 0.8157
R2 0.9383       0.9828 0.9043

Langmuir Ka 0.02406       0.01915 0.12170    
qm 21.5054 43.4787      11.8906       
R2 0.9910 0.9986 0.9919
Rl 0.3900 0.4455 0.1122

CONCLUSION
A wide-range of non-conventional low-cost
various agricultural adsorbents presented here in
shows a great potential for the elimination of
heavy metals, dyes, surfactants from wastewater.
Undoubtedly, low-cost adsorbents offer a lot of
promising benefits for commercial purpose in the
future. The sorption capacity and adsorption
mechanisms differ qualitatively and quantitatively
according to the type of biomass, its origin and its
processing. The adsorption characteristics of
inorganic/organic are strongly affected by initial
solution pH, initial adsorbate concentration,
amount of adsorbent and temperature
respectively. Kinetic experiments clearly indicate

Table. 3 : Equilibrium Isotherm parameters
for SDS-pine cone system
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that adsorption of metal ion/dye on various
agricultural adsorbents is more or less two steps
process: a rapid adsorption of metal ion/dye to
the external surface followed by intraparticle
diffusion into the interior of adsorbent. Overall
the kinetic studies showed that the adsorption
process followed pseudo-second-order kinetic
model. 
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