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ABSTRACT

In the present study we reported the feasibility of the Anethum graveolens as biosorbent to remove Pb(II) from aqueous
solutions. Anethum graveolens was characterized by scanning electron microscopy and elemental analysis. The ability
of Anethum graveolens to adsorb Pb(Il) was investigated by using batch adsorption procedure. The effects such as pH,
contact time, adsorbate concentration and biosorbent dosage on the adsorption capacity were studied. The experimental
data were analysed using various adsorption kinetic models viz., the pseudo-first and second-order equations, Bang-
ham’s equation, intraparticle diffusion and Elovich models. Results show that the pseudo-second-order equation pro-
vides the best correlation for the biosorption process. The equilibrium nature of Pb(II) adsorption at 30°C has been de-
scribed by the Langmuir, Freundlich, Temkin and Redlich-Peterson isotherm models. The equilibrium data fit well on
Langmuir isotherm. The monolayer adsorption capacity of Pb(Il) onto Anethum graveolens as obtained from Langmuir
isotherm at 30°C was found to be 303 mg/g. This high adsorption capacity of Anethum graveolens places this biosor-

bent as one of the best adsorbents for removal of Pb(I) from aqueous effluents.
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1. Introduction

Developments in technology have led to the release of
heavy metals such as lead, copper, chromium, nickel and
zinc, which are hazardous to the environment and their
toxicity and presence in the ecosystem poses a possible
human health risk [1].

Lead is one of these heavy metals, and can be intro-
duced to liquid wastes from the manufacturing processes
of storage batteries, smelting and refining of lead and
from the processes of mining. In water, lead tends to ac-
cumulate in aquatic organisms through the food chain
and by direct uptake [2]. Lead is believed to cause hy-
pertension, reproductive disorders and neurological and
metabolic problems in humans [2].

Among the many methods available to reduce heavy
metals concentrations from wastewater, the most com-
mon are chemical precipitation, ion-exchange, and rever-
se osmosis. Precipitation methods are particularly reli-
able but require large settling tanks for the precipitation
of alkalines sludges and a subsequent treatment is needed
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[3,4]. Ion-exchange has the advantage of allowing the
recovery of metallic ions, but it is expensive and sophis-
ticated.

The adsorption process [5] is one of the most effective
methods used to remove heavy metals from aqueous so-
lution. Activated carbon is the most widely used adsorb-
ent for this purpose because of its extended surface area,
microporous structure, high adsorption capacity and high
degree of surface reactivity. The commercial activated
carbons are very expensive [6], this led to search for
cheaper adsorbent. Consequently, numerous low-cost al-
ternative adsorbent have been proposed including lingo-
cellulosic wastes [7-11].

The agricultural wastes were considered as low-cost
since they 1) require little processing and 2) are abundant
in nature. Commonly, it concerns vegetal materials, then
the term of biosorption is used to designate the fixation
of contaminants onto biomaterials.

The main focus of this study was to evaluate the bio-
sorption aptitude of a novel, low cost, and renewable bio-
mass, Anethum graveolens for the removal of Pb(II) from
aqueous solutions. The effects of pH, contact time, initial
metal concentration and biomass dosage on the biosorp-
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tion capacity were investigated. Moreover, various ki-

netic models were used to examine the experimental data.

Experimental equilibrium data were fitted to the Lang-
muir, Freundlich, Temkin and Redlich-Peterson isotherm
equations to determine the best-fit isotherm equation.

2. Experimental

Materials

Bio-dsorbent, Anethum graveolens, a desert plant is
widely spread in Libya and Kingdom of Saudi Arabia.
There is no previous report used Anethum graveolens as
adsorbent material for removal of heavy metals. The
roots were separated from the stems and leaves, washed
with distilled water several times to remove the surface
adhered particles and water soluble particles and dried at
80°C in an electric oven for 24 h and ground using a
mixer, and sieved to pass through a 150 - 200 mm. The
roots were chosen because they contain the highest per-
centage of the cellulose content.
Reagents

Lead acetate, EDTA, cthanol, sodium carbonate and
acetic acid were of analytical reagent grade supplied by
Merck Company, Germany.

3. Methods

Bioadsorption Studies
The adsorbate solutions of 100 - 800 mg/l were pre-
pared by dissolving certain weights of lead acetate in
certain volumes of distilled water. The pH (2 - 4.5) of the
solutions was adjusted with acetic acid or sodium car-
bonate solution. Equal volumes (100 ml of each) of the
previously prepared metal ion solutions were placed in
the corresponding number of 125 ml Erlenmeyer flasks
each of which containing 0.05 g of the adsorbent and the
whole flasks were shaken at 30°C in a thermostatic wa-
ter-bath at 150 rpm for 2 h. At the end of agitation time,
the metal ion solutions were separated by filtration. The
blank experiments were simultaneously carried out
without the adsorbent. The extent of metal ion adsorption
onto adsorbent was calculated mathematically by meas-
uring the metal ion concentration before and after the
adsorption through direct titration against standard
EDTA solution. The amount of lead adsorbed, ¢, (mg/g)
and percent removal of Pb(Il) on Anethum graveolens
were calculated according to the following equations:
L _(e=c)r) "
w

c -C
Percent Removal =%x100% 2)

o

where C, and C, are the initial and final concentrations of
metal ion, mg/V is the volume of metal ion (1), W is the
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weight of bioadsorbent (g).
Analyses
Scanning electron microscopy (SEM)

To carry out an SEM analysis of Anethum graveolens
biomass, the sample was first mounted on a standard mi-
croscope stub and coating with a thin layer of gold using
a Polaron Diode Sputter unit. The analysis was per-
formed using a JEOL JSM-15 scanning electron micro-
scope.

Error analysis

In the single-component isotherm studies, the optimi-
zation procedure requires an error function to be defined
to evaluate the fit of the isotherm to the experimental
equilibrium data. The common error functions for deter-
mining the optimum isotherm parameters were, average
relative error (ARE), sum of the squares of the errors
(ERRSQ), hybrid fractional error function (HYBRID),
Marquardt’s percent standard deviation (MPSD) and sum
of absolute errors (EABS) [12]. In the present study, the
average relative error (ARE) was used to determine the
best fit in isotherm model as:

(qe )exp. - (qe )mlc.
A

ARE=Y

i=1

3)

4. Results and Discussion

SEM of bioadsorbent

The SEM image (Figure 1) clearly shows that the
sample of Anethum graveolens L is mainly composed of
irregular and porous particles which indicated high sur-
face area. It is clear from this figure that, Anethum gra-
veolens has considerable numbers of pores where there is
a good possibility of Pb(Il) ions to be trapped and ad-
sorbed into these pores.

Elemental analysis

The C, H, N contents of Anethum graveolens were
analyzed with a Perkin-Elmer 240 CHN elemental ana-
lyzer. The element contents are as follows: C, 37.03%, H,
4.9%,N, 2.2%.

Factors affecting bio adsorption of Pb(l1) onto
Anethum graveolens
(Effect of initial pH)

The pH of the aqueous solution is an important con-
trolling parameter in the adsorption process [13,14]. In
the present work, adsorption of Pb(II) onto Anethum
graveolens adsorbent was studied over the pH range of
2.0 - 4.5 for a constant adsorbent dose and constant con-
centration of adsorbate at 30°C. As the acidity of the me-
dium decreased, the extent of adsorption capacity, ¢, de-
creased (Figure 2). At high acidity, the Anethum gra-
veolens particle surface will be completely covered with
H;O" ions and Pb(Il) ions can hardly compete with
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Figure 1. Scan Electron Microscope (SEM) of Anethum
graveolens.
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Figure 2. Effect of pH on adsorption capacity of Pb(ll) onto
Anethum graveolens at 30°C.

them for adsorption sites. With the increase in pH, the
competing effect of hydronium ions decreases and the
positively charged Pb(II) ions adsorb on the free binding
sites of the adsorbents. This is a common observation for
all cases of adsorption of metal cations on solid surface
in media of different acidity-basicity [15]. It is also sig-
nificant that the active sites on the Anethum graveolens
surface are weakly acidic in nature and with increase in
pH, they are gradually deprotonated making available
more and more sites for metal ion uptake [16]. At pH
value higher than 4.5, the adsorption studied could not be
carried out because metal ion will precipitate as lead hy-
droxide in this range.

Effect of adsorbent concentration (Adsorbent dose)

The effect of adsorbent concentration on both adsorp-
tion capacity and percent removal of lead are shown in
Figure 3. It is clear from this figure that the percent re-
moval of lead increases from 11% to 64% by increasing
the concentration of adsorbent from 0.5 to 8 g/l and then
remained at approximately the same level at higher ad-
sorbent concentration. The increase in percent removal of
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Pb(II) with increasing adsorbent concentration in the first
range could be attributed to the greater availability of the
exchangeable sites of the adsorbent. The leveling of the
percent removal at higher adsorbent concentration could
be attributed to the blocking of the available active sites
on the adsorbent surface. On the other hand, the adsorp-
tion capacity (g.), or the amount of Pb(II) adsorbed per
unit mass of adsorbent (mg/g), decreases by increasing
the concentration of adsorbent (Figure 3). The decrease
in adsorption capacity with increasing the adsorbent con-
centration is mainly due to overlapping of the adsorption
sites as a result of overcrowding of the adsorbent parti-
cles and is also due to the competition among Pb(II) ions
for the surface sites [11].
Effect of contact time

Figure 4 shows the effect of contact time on the ad-
sorption capacity, ¢. (mg/g) of Pb(Il) onto Anethum
graveolens at 30°C using adsorbate concentration of 330
mg/1 at fixed pH and at adsorbent concentration. Equilib-
rium adsorption was established after 15 min within the
concentration range studied indicating that the adsorption
rate is very fast. It is further observed that the adsorption
curve is smooth and continuous, which indicate the pos-
sibility of the formation of monolayer coverage of Pb(Il)
ions onto Anethum graveolens This data is important
because equilibrium time is one of the parameters for
economical wastewater treatment.
Kinetics of adsorption
Pseudo-first-order model

The pseudo-first-order equation [17] is:

%ﬂﬁ (9.-4,) @
where ¢, is the amount of adsorbate adsorbed at time t
(mg/g), gq. is the adsorption capacity at equilibrium
(mg/g), k is the pseudo-first-order rate constant (min ),
and t is the contact time (min). The integration of Equa-
tion (4) with the initial condition, g, = 0 at ¢ = 0, the fol-
lowing equation is obtained:

k-t
2.303

In order to obtain the rate constants, the straight line
plot of log(g, —¢,) against t for Pb(Il) onto Anethum
graveolens have been tested. The intercept of this plot
should give logg,. However, if the intercept does not
equal to g., the reaction is not likely to be first order even
if this plot has high correlation coefficient (R*) with the
experimental data [18]. For the data obtained in the pre-
sent study, the plots of log(g, —¢,) versus t as required
by Equation (5) for the adsorption of Pb(II) ions at initial
concentrations of 300 mg/l by Anethum graveolens (fig-
ure not show) gave correlation coefficients, R?, which
had low values. This indicates that the adsorption of Pb

log(g, —q,)=logq, - )
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Figure 3. Effect of adsorbent concentration on both adsorption capacity and % removal of Pb(I1) onto Anethum graveolens at

30°C.

(IT) onto Anethum graveolens is not acceptable for this
mode
Bhattacharya-Venkobachar

The Bhattacharya-Venkobachar [19] Equation is:

k
IOg[l—Ut] :—(mjt

U, =[(c,-¢)/(c,-C.)] (6)

where C,, C;and C, are the concentration of Pb(II) ions
(mg/1) at time zero, time, ¢, and at equilibrium time and k
is the first order rate constant (min ') for adsorption of
Pb(II) ions onto Anethum graveolens The vales of R for
the concentration of 300 mg/I (figure not shown) has very
low value. This indicates that the adsorption of Pb(II) onto
Anethum graveolens is not acceptable for this mode.
Pseudo-second-order model

The pseudo-second-order model is represented as [18]:

dq,
dt
where k, is the pseudo-second-order rate constant
(g/mg-min). Integrating Equation (7) with the initial con-
dition, ¢, = 0 at ¢ = 0, the following equation is obtained:

where

=k (q.-4,) )

__ 1 + L (®)

qt (k : qe 2) qe
where k, is the pseudo-second-order adsorption rate con-
stant. This equation predicts that if the system follows
pseudo-second-order kinetics, the plot of /g, versus t
should be linear. Plotting the experimental data obtained
for the adsorption Pb(II) ions at initial concentration of
300 mg/l onto Anethum graveolens according to the rela-
tionship given in Equation (8) gave linear plots with cor-
relation coefficients, R*, of 0.9999 for Pb(II) concentra-
tion of 300 mg/l as shown in Figure 5 and listed in Ta-
ble 1, thereby indicating the applicability of the pseudo-
second-order kinetic equation to the experimental data.
The experimental and calculated adsorption capacities
for the two Pb(II) concentration of 300 mg/l as well as
the values of k,, and R* are presented also in Table 1.

Copyright © 2013 SciRes.

The first-order and pseudo-second-order models cannot
identify the diffusion mechanism and the kinetic results
were then subjected to analyze by the intra-particle diffu-
sion mode.
Bangham’s equation

Bangham’s equation [20] was employed for applica-
bility of adsorption of Pb(Il) onto Anethum graveolens,
whether the adsorption process is diffusion controlled.

C k m
loglo ° =lo “ +alogt 9
& g(Co—q-mJ g[2.303V) g 2

where C, is initial concentration of adsorbate (mg/l), V' is
volume of solution (ml), m is weight of adsorbent used
per liter of solution (g/l), ¢ is the amount of adsorbate
retained at time t (mg/g), a (<1)and kjare constants.

The double logarithmic plot, according to Equation (9)
yield satisfactory linear curves for the adsorption of Pb(II)
by Anethum graveolens The correlation coefficient value,
R? (Figure 6) were 0.9226 for the concentration of 300
mg/g. This indicates that the adsorption of Pb(II) onto
Anethum graveolens is acceptable for this model and
shows that the diffusion of adsorbate into the pores of the
adsorbent was the rate-controlling step [20].
Intra-particle diffusion

The intra-particle diffusion model [21] can be ex-
pressed by the following equation:

q =k, -t +C (10)

where £, is the intra-particle diffusion rate constant (mg.
g 'min "?) and ¢, is the amount of solute adsorbed per
unit mass of adsorbent. The data of solid phase metal
concentration against time t at the initial concentration of
300 mg/1 of Pb(II) were further processed for testing the
rate of diffusion in the adsorption process. Adsorption
process incorporates the transport of adsorbate from the
bulk solution to the interior surface of the pores in
Anethum graveolens The rate parameter for intra-particle
diffusion, kp for the Pb(Il) concentration of 300 mg/l is
measured according to Equation (10). The plots of ¢,
versus ¢/? for the Pb(II) concentration of 300 mg/l of is
shown in Figure 7. The plot is curved at the initial por-
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Figure 4. Effect of contact time and initial concentration on adsorption capacity of Pb(11) onto Anethum graveolens at 30°C.
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Figure 5. Pseudo-Second order reaction of Pb(l1) onto Anethum graveolens for concentration of 330 mg/l at 30°C.
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Figure 6. Pseudo-Second order reaction of Pb(I1) onto Anethum graveolens for concentration of 330 mg/l at 30°C.
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Figure 7. Intra-particle diffusion of Pb(I1) onto Anethum graveolens for concentration of 330 mg/l at 30°C.
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tion followed by linear portion and plateau. The initial
curved portion is attributed to the bulk diffusion and the
linear portion to the intra-particle diffusion, while the
plateau corresponding to equilibrium. The deviation of
straight lines from the origin (Figure 8) may be because
of the difference between the rate of mass transfer in the
initial and final stages of adsorption. Further, such devia-
tion of straight line from the origin indicates that the pore
diffusion is not the rate-controlling step [22]. The values
of k, (mg-g "min"") obtained from the slope of the
straight line (Figure 8) are listed in Table 1. The value
of R for the plot is listed also in Table 1. The value of
intercept, C (Table 1) give an idea about the boundary
layer thickness, i.e., the larger the intercept, is the greater
the boundary layer effect [23]. This value indicates that
the adsorption of Pb(Il) onto Anethum graveolens may be
follow the intra-particle diffusion mechanism.
Elovich equation

The Elovich model equation is generally expressed as
[24]:

dq,
dt

where « is the initial adsorption rate (mg/g-min"') and
p is the adsorption constant (g/mg) during the experi-
ment.

To simplify the Elovich equation, Chien and Clayton

:aexp(—ﬁ-qt) (1)
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[24] assumed aff =>1 and by applying the boundary
conditions ¢ =0 at =0 and gt = gt at t = t , Equation (11)
become:
= Lin(ap)+ (1) (12)
4, i 8

If Pb(II) adsorption onto Anethum graveolens fits the
Elovih model, a plot of g, versus In t should yield a linear
relationship with a slope of 1/ and an intercept
ofg, =1/B1In(ap). Figure 9 shows a plot of lineariza-
tion form of Elovich model at the Pb(II) concentration of
300 mg/ The slope and intercept of the plot of gt versus
In t was used to determine the constant f# and the ini-
tial adsorption rate a. The correlation coefficient value,
R? for the plot is listed in Table 1. The correlation coef-
ficient for the Elovich kinetic model obtained at the Pb(II)
concentration of 300 mg/l was over 0.92. This indicates
that the adsorption of Pb(Il) onto Anethum graveolens is
acceptable for this mode.
Effect of adsorbate concentration
Adsorption isotherm

Adsorption isotherms describe how adsorbates interact
with adsorbents are critical in optimising the use of ad-
sorbents. The amount of adsorbate per unit mass of ad-
sorbent at equilibrium, g, (mg/g) and the adsorbate equi-
librium concentration, C, (mg/l) allows plotting the ad-
sorption isotherm, ¢, versus C,(Figure 10) at 30°C and
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Figure 8. Test intra-particle diffusion of Pb(I1) onto Anethum graveolens for concentration of 330 mg/l at 30°C.
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Figure 9. Elovich model of Pb(I1) onto Anethum graveolens for concentration of 330 mg/l at 30°C.
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Figure 10. Equilibrium adsorption isotherm Phb(11) onto Anethum graveolens at 30°C.

Table 1. Kinetic parameters for adsorption of Pb(l11) onto Anethum graveolens at 30°C.

Init. Pseudo-first Bhattacharya-Venkobachar

Bangham’s Intra-particle

Cone. order Model Pseudo-second order Equation diffusion Elovich Equation
Mg kR ko R K Geep) Gea B K, @ R k, C R o B R
330 - 0.8143 - 0.8065 21(3); 122.76 125 0.9999 130: 0.1276 0.9226 3.787 88.211 0.9858 269.7094 0.08146 0.9246
mathematical models can be used to describe and char- Lk .C
acterize the adsorption process. The four most common q, =1L—"C (13)
+a, -C,

isotherms for describing solid-liquid sorption systems are

the Langmuir, the Freundlich, Temkin and the Redlich-

Peterson isotherms. Therefore, in order to investigate the

adsorption capacity of Pb(Il) onto Anethum graveolens,

the experimental data were fitted to these equilibrium
models.

The Langmuir model

The Langmuir adsorption isotherm [25] is most widely
used for the adsorption of a pollutant from a liquid solu-
tion given the following hypotheses:

e Monolayer adsorption (the adsorbed layer is one
molecule thick);

e Adsorption takes place at specific homogeneous sites
within the adsorbent;

e Once a metal ion occupies a site, no further adsorp-
tion can take place at that site;

e Adsorptional energy is constant and does not depend
on the degree of occupation of an adsorbent’s active
centres;

o The strength of the intermolecular attractive forces is
believed to fall off rapidly with distance;

e The adsorbent has a finite capacity for the metal ion
(at equilibrium, a saturation point is reached where no
further adsorption can occur);

e All sites are identical and energetically equivalent;
The adsorbent is structurally homogeneous;

There is no interaction between molecules adsorbed

on neighboring sites.

The Langmuir model is described by the following
equation:

Copyright © 2013 SciRes.

The linear form of Langmuir isotherm is given by the
following equation:

C" :L-f_{a_Lj'Ce
q9. K, K,
where a; is Langmuir isotherm constant (I/mg), K; is the
Langmuir constant (1/g) and «, /K, represents the ad-
sorption capacity, Quax. The linear plots (Figure 11) of
C,/q, vs C, give straight line with the slope a, /K,
and intercept 1/K The Langmuir constants of adsorp-
tion of Pb(Il) ions onto Anethum graveolens biomass are
listed in Table 2. The equilibrium constant K; may be
used to determine the enthalpy of adsorption, AH. The
relation between K; and QOn.x is given by the following
equation:

(14)

kL :Qmax'b (15)

where b is related to the energy of adsorption (I/mg). The
value of constant b and correlation coefficient, R* are
also listed in Table 2. It has been reported that the effect
of isotherm shape with a view to predicting if an adsorp-
tion system is favourable or unfavorable [26]. R;, decides
the shape of the isotherm as given below:

R, values Nature of adsorption process

R;> 1 Unfavourable

R; =1 Linear

0 < R; <1 Favourable

R; = 0 Irreversible
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The essential features of Langmuir isotherm can be
expressed in terms of a dimensionless constant separation
factor or equilibrium parameter, R;, which expressed by
the following equation:

1
R (1+5-Cy) (10

where C, is the initial concentration of Pb(Il) and b is
mentioned before. The R; values for Pb(Il) concentration
of 330 mg/l onto Anethum graveolens biomass at 30°C
are given in Table 2. The values of the correlation coef-
ficient, R* of Langmuir plot are over 0.97 indicate that
the bioadsorption of Pb(I) onto Anethum graveolens
biomass is fitted well on the Langmuir isotherm (obey
the Langmuir isotherm).
The Freundlich model

The Freundlich model [27] is a special case applied to
non-ideal adsorption on heterogeneous surfaces and also
to multilayer adsorption, suggesting that binding sites are
not equivalent and/or independent. This model is de-
scribed by Equation (17) as follows:

qe = KF ’ Cel/" (17)

The bio-adsorption data of Pb(II) by Anethum gra-
veolens is analyzed also by Freundlish mode The loga-
rithmic form of Freundlish model is given by the follow-
ing equation:

logqulogKF+llogCg (18)
n

where ¢, is the equilibrium concentration Pb(II) on bio-
mass adsorbent (mg/g), C, the equilibrium concentration
of lead in solution (mg/l) and Kr (mg/g) and n are the
Freundlich constants characteristic of the system, indica-
tors of adsorption capacity and adsorption intensity, re-
spectively. Linear plots of log ¢. vs logC,at 30°C (Fig-
ure 12) suggest the applicability of adsorption process of
Pb(1l) onto Anethum graveolens on Freundlich isotherm.
The values of K and n were evaluated from the intercept
and the slope of the plot and their numerical values are
listed in Table 2. The n value gives an indication to fa-
vorability of adsorption. The value of n was 3.34 at 30°C
(0 < n < 10) showing that the adsorption of Pb(Il) ions
onto Anethum graveolens is favourable. The correlation
coefficient, R* values (Table 2) of Pb(Il) by Anethum
graveolens was over 0.80 indicating that the adsorption
of Pb(Il) ions on Anethum graveolens are not fitted well
on Freundlish isotherm.
The Tempkin model

The Temkin isotherm [28] has been used in the fol-
lowing form:
RT
g, =-—1In

bT

(4,C,) (19)
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where R is the wuniversal gas constant (8.31441
J'mol K™ ), T is the absolute temperature (K), 47 is
the Temkin isotherm constant (g/mg) and b7 is Temkin
constant. The sorption data were analyzed according to
the linear form of the Temkin isotherm as:

q, = Eln A+ (Ej InC, (20)
by by

Linear plots of g, vs In C, at 30°C (Figure 13) suggest
the applicability of adsorption process of Pb(II) onto
Anethum graveolens on Temkin isotherm. The values of
Ar and br were evaluated from the intercept and the slope
of the plot and their numerical values along with R*are
listed in Table 2. R* value (Table 2) of Pb(Il) by
Anethum graveolens was over 0.85 indicating that the
adsorption of Pb(Il) ions on Anethum graveolens is
slightly fitted on Temkin isotherm.
Redlich-Peterson isotherm

Redlich-Peterson [29] is incorporated three parameters
into an empirical isotherm. The Redlich-Peterson iso-
therm model combines elements from both the Langmuir
and Freundlich equations, and the mechanism of adsorp-
tion is a hybrid unique and does not follows ideal mo-
nolayer adsorption. The Redlich-Peterson equation is
widely used as a compromise between Langmuir and
Freundlich systems. The equation of this model is:

4-C,

T1+B-CF o

qe
where ¢, is the amount of lead adsorbed (mg/g) at equi-
librium, C, (mg/l) is the concentration of adsorbate at
equilibrium, 4 (1/g) and B are the Redlich constants and g
is exponent, which lies between 1 and 0. The application
of this equation has been discussed widely and the limit-
ing behavior is summarized as:
a) When g = 1 the equation is reduced to the Langmuir
model as:

4-C,

=< 22
1+B-C, @2

q.
b) When g = 0 the equation is reduced to Henery’s law
as:
A4-C
= < 23
%=1 3 (23)
The linear form of this model is obtained by applying
logarithms to both sided of Equation (21) as follows:

ln(ACE—ljzglnCE+lnB (24)
q.

The three isotherm constants 4, B and g can be evalu-
ated from the linear plot presented by Equation (24) and
shown in Figure 14 using a trial and error optimization
method. A general trial and error procedure which is ap-
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Table 2. Constants and ARE of different adsorption models for Pb(I1) onto Anethum graveolens at 30°C.

Langmuir constants Freundlich constants
Temp. (°C)
Quuax b R; R ARE n kr R ARE
30 303 0.0063 0.3248 0.9784 0.9 3.34 4.698 0.8075 33
30 1.91 156.3 0.9999 0.9626 1.2 0.00818 14.38 0.8544 3.7
2.8 7
2.6
24 A
y=0.003x+0.527
S 221 R*=0.978
3 27
© 18
1.6 4
14 M/
1'2 T T T T T T T T T 1
200 250 300 350 400 450 500 500 600 650 700
C (mg/)
Figure 11. Langmuir adsorption plot of Pb(I1) onto Anethum graveolens at 30°C.
241
2.381
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2.28
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2.24 *
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log C,
Figure 12. Freundlich adsorption plot of Pb(I1) onto Anethum graveolens at 30°C.
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Figure 13. Temkin adsorption plot of Pb(11) onto Anethum graveolens at 30°C.
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plicable to computer operation was developed to deter-
mine the correlation coefficient, R, for a series of values
of A for the linear regression of In ln[(ACe/qe —1)]
versus In C, at 30°C to obtain the best values of A which
yields a maximum value of R*. R* value (Table 2) of
Pb(Il) by Anethum graveolens was over 0.96 indicating
that the adsorption of Pb(Il) ions on Anethum graveolens
is fitted well also on Redlich-Peterson n isotherm (obey
the Redlich-Peterson isotherm).

The comparison between the experimental data and the
theoretical data obtained from isotherm models of Pb(II)
onto Anethum graveolens are shown in Figure 15 which
illustrates that the Langmuir isotherm fitted the experi-
mental data better than other isotherms.

Error analysis

The use of R”is limited to solve linear forms of iso-
therm equation, which measures the difference between
experimental and theoretical data in linearized plots only,
but not the errors in non-linear form of isotherm curved.
For this reason we use average relative error (ARE) to
determine the best fit in isotherm models. For all iso-
therm models, the value of ARE for adsorption of Pb(Il)
onto Anethum graveolens are calculated and presented in
Table 2. The most obvious conclusions from these re-
sults are that the Langmuir isotherm model has the low-
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est values for ARE and therefore fits the data better than
the rest of isotherm models.
Mechanism of bio adsorption

The bioadsorbent contains various organic compounds
(lignin, cellulose and hemicellulose) with polyphenolic
groups that might be useful for binding metal ions. The
scan image of bio adsorbent shows that Anethum graveo-
lens has a microporous structure; therefore, pores are
large enough to let Pb(Il) ions through. According to the
data obtained from intra-particle diffusion model, and
elemental analysis of bio adsorbent, the mechanism of
adsorption of Pb(Il) ions on porous adsorbents may in-
volve four steps 1) diffusion of the ions to the external
surface of adsorbent; 2) diffusion of ions into the pores
of adsorbent; and 3) adsorption of the ions on the internal
surface of adsorbent; 4) chelation between the electron-
donating nature of O-, and N-containing groups in the
Anethum graveolens and electron-accepting nature in
Pb(1I).

5. Conclusion

The desert plant residue, Anethum graveolens is a low-
cost adsorbent which is abundantly available in Saudi
Arabia and Libya as waste material. It can be used as an

1.6

1.4
- 1.24
@ 1
9 034
< 0.6 - y=0.962x-4.825
. 04. R?>=0.962

0.2

0 T T T T T
54 5.6 58 6 6.2 6.4 6.6
InC,
Figure 14. Redlich-Peterson adsorption plot of Pb(I1) onto Anethum graveolens at 30°C.
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= 100 —8— ge(Temkin)
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C(mg/l)
Figure 15. Comparision between different isotherm Pb(l1) onto Anethum graveolens at 30°C.
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effective adsorbent for the removal and recovery of Pb(Il)

Bioadsorption of Pb(Il) onto Anethum graveolens from Contaminated Wastewater: Equilibrium and Kinetic Studies

from wastewater. The adsorption of Pb(II) onto Anethum
graveolens is pH dependent. The maximum adsorption
capacity, Qu.x was 303 mg/g at pH 4 and at 30°C. The
adsorption follows second-order and intraparticle diffu-
sion kinetics. The adsorption process follows Langmuir
and Redlich-Peterson isotherms but slightly fitted on
Temkin and Freundlich models.
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