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bstract

In the present studies chemically and thermally treated watermelon peels (TWMP) have been utilized for the removal of methyl parathion (MP)
esticide from water. The effect of process variables such as pH of solution, shaking speed, shaking time, adsorbent dose, concentration of solution
nd temperature have been optimized. Maximum adsorption (99 ± 1%) was achieved for (0.38–3.80) × 10−4 mol dm−3 of MP solution, using 0.1 g
f adsorbent in 20 ml of solution for 60 min agitation time at pH 6. BET and SEM analysis have been carried out for the characterization of TWMP.
dsorption data has been analyzed by Freundlich, Langmuir and Dubinin–Radushkevich (D–R) adsorption isotherms. Lagergren, Morris–Weber
nd Reichenberg equations have been used for kinetic studies of adsorption process. Thermodynamic parameters �H, �S and �G have been
alculated. Positive value of �H and negative value of �G show endothermic and spontaneous nature of adsorption respectively. The developed
dsorption method has been employed to surface water samples with percent removal 99% ± 1.

2007 Elsevier B.V. All rights reserved.
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. Introduction

The contamination of soils, ground water and surface water
y pesticides is currently a significant concern throughout the
orld because many of these compounds are detrimental to
oth human health and the environment. Increasing use of pes-
icides in agriculture, and domestic activities for controlling
ests is polluting water resources day by day [1]. The pesticides
orm a strong class of water pollutants, as they are mostly non-
iodegradable. Moreover, pesticides are carcinogenic in nature.
herefore toxicity of pesticides and their degradation products is
aking these chemical substances a potential hazard by contam-

nating the environment. Among newly developed pesticides,
rganophosphorous pesticides are most commonly used. This
lass of chemicals is divided into several forms; however the two
ost common forms are phosphates and phosphorothionates.

ethyl parathion (O,O-dimethyl O-4-nitrophenyl phosphoroth-

oate) is a class I insecticide. Once methyl parathion introduced
nto the environment from spraying on crops, droplets of methyl
arathion in the air fall on soil, plants or water. While most of

∗ Corresponding author. Tel.: +92 222 771379; fax: +92 222 771560.
E-mail address: zuhramemon chem@yahoo.com (G.Z. Memon).
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he methyl parathion will stay in the areas where it is applied,
ome can move to areas away from where it was applied by rain,
og and wind [2].

Adsorption is one of the most efficient methods for removal
f pollutants from water. Activated carbon is very efficient
dsorbent for removing varieties of pesticides from water and
astewaters due to its high surface area and porosity. The use
f the activated carbon in removing many pesticides from aque-
us phase has been demonstrated in the literature [3]. However
ue to the high cost of activated carbon, its use in the field is
estricted on economical consideration [4,5]. Nowadays low cost
dsorbents have been investigated as an alternative to activated
arbon, for example, fly ash [5], carbon cloth [6], porous poly-
eric adsorbents [7], wheat residue black carbon [8], bleaching

arth [9], lignin [10], riverbed sand [11], wood char coal [12],
aste tire rubber granules [13] etc.
In the present work, a low cost agricultural waste material

atermelon peels (WMP) has been used for the adsorption of
ethyl parathion from aqueous solutions. The uptake conditions
f methyl parathion from aqueous solution have been worked
ut in terms of operational parameters such as, pH of solution,
nitial solute concentration, dose of adsorbent and agitation time.
dsorption isotherms of methyl parathion onto WMP have also

mailto:zuhramemon_chem@yahoo.com
dx.doi.org/10.1016/j.cej.2007.09.027
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3.3. Adsorbent dose
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een investigated to determine maximum adsorption capacity,
nd nature of adsorption.

. Materials and methods

.1. Reagents

All the reagents used were of analytical grade. The buffer
olutions of pH 1–10 were prepared by mixing appropriate vol-
mes of 0.1 M solutions of KCl and HCl (pH 1–3), sodium
cetate and acetic acid (pH 4–6) and boric acid and sodium
ydroxide (pH 7–10) solutions [14].

.2. Adsorbent

Watermelon peels, a by-product of watermelon, were col-
ected from local market, washed thoroughly with water and
hen with deionized water to remove foreign impurities. It was
hen dried in an oven at 110 ◦C. The washed material was sieved
n Ro-Tap type electrical sieve shaker. The sieved material was
ewashed thoroughly with deionized water to remove the fine
articles and dried in an electrical oven. The material was then
hemically treated with 0.1 M nitric acid for 1 h, followed by
oaking in methanol for 1 h to remove inorganic and organic
atter from the surface of adsorbent. The chemically treated
MP were subjected to thermal treatment in a closed muffle

urnace (Phoenix, Sheffield, England, 1983) to increase the sur-
ace area [15]. The chemically and thermally treated watermelon
eels (TWMP) were stored in a vacuum descicator to be used as
dsorbent for further analysis.

.3. Equipments and method of characterization

A scanning electron microscope (SEM) was used to study
he surface morphology. Specific surface area of adsorbent was
etermined by Brunauer, Emmett and Teller (BET) method
sing nitrogen as a standard [16] and employing surface area
nalyzer (Quantasorb, QS-7). The pH measurements were made
n digital (Inolab level 1) pH meter, Germany. A temperature
ontrolled water bath flask shaker (Gallenkemp No. 350–010)
as used for shaking all the solutions. The concentration of

he adsorbate in solution was determined by Hitachi model
200 HPLC equipped with a Licrosorb ODS column 5 �m
Ø 250 mm × 4 mm) UV–vis detector. Deionized water (with
.5 �S conductance, pH 6) and methanol (30:70, v/v) were used
s mobile phase at a flow rate of 1 ml/min. The limit of detec-
ion (signal to noise ratio 1:3) was observed to be 0.04 ng �l−1

t selected wavelength of 240 nm.

.4. Adsorption experiments

The batch adsorption experiments were used to measure
he adsorption of pesticide onto adsorbent surface. The experi-
ent was performed in an Erlenmeyer flask inside a mechanical
haker. In this process 0.1 g of adsorbent was put in a 100 ml
rlenmeyer flask containing 20 ml of methyl parathion solution
t appropriate pH and the solution was shaken at desired tem-
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a
a
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erature. Finally, the sample was filtered using Whatmann filter
aper no. 44. A, 10 �l of sample solution was then injected to
PLC under optimized conditions. The data was used to calcu-

ate adsorbed concentration of adsorbate onto adsorbent surface
y the difference in the detector response peak height (mV)
efore and after shaking. The distribution ratio Rd was calculated
y using following equation:

d = Amount of analyte in adsorbent

Amount of analyte in solution at equilibrium

×Volume of solution (ml)

Mass of adsorbent (g)
(1)

here Rd is the distribution coefficient between solid and liquid
hase; V the volume of the solution (cm3) and W is the weight of
orbent (g). Correlation among % sorption and the distribution
oefficient may be located by the following equation [17]:

Sorption = 100 Rd

Rd + (V/W)
(2)

ll the experiments were performed in triplicate. The linear
egression computer program with one independent variable was
sed for slope and statistical analyses of the data.

. Results and discussions

.1. Characterization of adsorbent material

The surface area of untreated watermelon peels (UTWMP)
as found to be 15.1 m2 g−1, after treatment surface area of

dsorbent was increased and found to be 23.4 m2 g−1.
Scanning electron microscope was used (Fig. 1a and b) to

bserve the surface morphology of adsorbent material. It was
evealed that chemical and thermal treatment makes adsorbent
aterial more porous.

.2. Effect of pH

Optimization of pH of adsorption medium plays very impor-
ant role in the adsorption studies. The adsorption of pesticide
as studied over the range of pH 1–10 by using 0.1 g of

he adsorbent per 20 ml of 0.38 × 10−4 mol dm−3 of the pes-
icide solution with the shaking speed of 100 rpm. Fig. 2 shows
hat percent sorption decreases with an increase in the pH.
t low pH values, the surface of the adsorbent would be

urrounded by the hydronium ions, which may enhance the
dsorbate interaction with binding sites of the adsorbent by
reater attractive forces and hence improve its uptake on polar
dsorbent.
The effect of adsorbent dose on removal of pesticide was
tudied by varying the dose of adsorbent in the range of 0.05–1 g
t fixed pesticide concentration. After 0.1 g of adsorbent percent
dsorption was found almost constant.
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ig. 1. Scanning electron micrographs of watermelon peels: (a) untreated water-
elon peels (b) treated watermelon peels.

.4. Effect of contact time
In order to determine equilibrium time for maximum
ptake 0.1 g of adsorbent was used over a contact time of
0–100 min, at 6 pH with 100 rpm shaking speed, for 20 ml

Fig. 2. Effect of pH on sorption of MP and CF onto TWMP.
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f 0.38 × 10−4 mol dm−3 methyl parathion solution. Results
how that contact time of 60 min is enough to adsorb maximum
mount of pesticide from solution.

.5. Effect of adsorbate concentration

For observing the effect of concentration of the adsorbate, the
oncentration range 0.38–3.8 × 10−4 mol dm−3 was taken for
he methyl parathion at 30 ◦C by using 0.1 g of adsorbent under
ptimized conditions. With an increase in adsorbate concentra-
ion, a corresponding decrease in the distribution coefficient (Rd)
as observed suggesting limiting number of adsorption sites

vailable for adsorption at higher concentration of adsorbate
olecules.

.6. Adsorption isotherm

The adsorption isotherms are useful to evaluate adsorption
apacities of adsorbent and thermodynamic parameters like
nergy of adsorption. The adsorption data have been subjected
o different adsorption isotherms, namely Freundlich, Langmuir
nd Dubinin–Radushkevich (D–R).

The linearized form of Freundlich isotherm is tested in the
ollowing form:

og Cads = log Cm + 1

n
log Ce (3)

here 1/n is a characteristic constant related to adsorp-
ion intensity, Cads the adsorbed concentration of sorbate
nto adsorbent (mol g−1), Ce represents equilibrium concen-
ration of adsorbate in solution and Cm is the multilayer
dsorption capacity of adsorbent (mol g−1). A plot of log
ads versus log Ce would exhibit in a straight line with

slope of 1/n and intercept of log Cm as shown in
ig. 3 and the results are listed in Table 1.
The results of the adsorption of the pesticide on watermelon
eels were fitted into Langmuir isotherm. Langmuir isotherm
as been used by various workers for the adsorption of a variety
f compounds; the linear form of this isotherm is given by the

Fig. 3. Freundlich sorption isotherm plot of MP onto TWMP.
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Table 1
Isotherm constants and values of R2 for the adsorption of MP onto TWMP

Parameters Value R2

Freundlich isotherm Cm (mmol g−1) 0.42 ± 0.0001 0.963 ± 0.045
1/n 0.34 ± 0.023
Langmuir isotherm Q (�mol g−1) 24.3 ± 1.6 0.966 ± 0.24
b (mol dm−3) (4.32 ± 0.39) × 104

D–R isotherm β (kJ2 mol−2) 0.7001 ± 0.05 0.97 ± 0.15
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m (�mol g−1) 75.0 ± 6.5
(kJ mol−1) 12.6 ± 0.14

quation [18]:

Ce

Cads
= 1

Qb
+ Ce

Q
(4)

here Q is the monolayer adsorption saturation capac-
ty (mol g−1), and b represents the enthalpy of adsorption
dm3 mol−1), independent of temperature. A plot of Ce/Cads
ersus Ce yields a straight line with its slope of 1/Q and
ntercept of 1/Qb as shown in Fig. 4 and the results are
nlisted in Table 1. From the value of b, a dimensionless
arameter, RL [19], was estimated in the concentration range
0.38–3.8) × 10−4 mol dm−3 by using the relationship:

L = 1

(1 + bCi)
(5)

here b is the Langmuir constant (dm3 mol−1) and Ci is the
nitial concentration (mol dm−3). The computed values of RL are
n the range of (37.9–5.74) × 10−2, indicates higher adsorption
t low concentrations.

The adsorption data was also tested on another isotherm,
amely D–R in the following form [20]:

n Cads = ln Xm + βε2 (6)
here Cads is the amount of adsorbate sorbed onto adsorbent
urface (mol g−1), Xm the maximum adsorption capacity of
dsorbent (mol g−1), β a constant related to adsorption energy,

Fig. 4. Langmuir sorption isotherm plot of MP onto TWMP.
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Fig. 5. D–R sorption isotherm of MP onto TWMP.

hile ε is Polanyi adsorption potential which is equal to [21,22]

= RT ln

(
1 + 1

Ce

)
(7)

is a gas constant in kJ mol−1 K−1, T the temperature in Kelvin
nd Ce is the equilibrium concentration of adsorbate in solution
mol dm−3). The plot of ln Cads versus ε2 is a straight line with
he slope of β and intercept of Xm as exhibited in Fig. 5 and the
alue of adsorption energy, E, can be correlated to β using the
ollowing relationship:

= 1√−2β
(8)

he results of D–R model are also given in Table 1.

.7. Dynamic modeling

Kinetics of adsorption is/are an important characteristic from
he point of view of determining the efficiency of adsorption
rocesses [23]. A number of kinetic models have been used
y various workers, where the adsorption has been considered
s first-order [24,25], pseudo-first-order [26,27] and pseudo-
econd order process [28]. Lagergren’s rate equation [29] is most
idely used [30] for the adsorption of adsorbate from a solution.
he first-order Lagergren’s rate equation is

og(qe − qt) = log qe − kt

2.303
(9)

here qe and qt are the amounts of pesticide adsorbed at equi-
ibrium and at time t, respectively, and k is the first-order rate
onstant.

Fig. 6 shows the kinetic study of adsorption of methyl
arathion onto WMP at optimum conditions while investigating
ffect of agitation time on % sorption; log (qe–qt) was plotted
ersus agitation time resulting in a straight line with coefficient
f determination, R2, 0.987 ± 0.16, and the value of k, the first-
rder rate constant, computed from the slope of the linear plot
s 0.0573 ± 0.0058 min−1. The kinetics of adsorption was also

xamined using Morris–Weber equation [31] in the following
orm:

t = Rd
√

t (10)
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Fig. 6. Lagergren and Reichenberg plots of MP onto TWMP.
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Fig. 7. Morris–Weber plots of MP onto TWMP.

here qt is the sorbed concentration at time‘t’, and Rd is the rate
onstant of intraparticle transport. The qt was plotted against t1/2
n Fig. 7.

The adsorption data follow linearity as per Eq. (10) up to
0 min with coefficient of determination, R2, (0.93), and the
alue of Rd computed from the slope of the plot comes out
85 nmol g−1 min−1/2. The effectiveness of the diffusion of the
dsorbate species within the adsorbent particles of radius “r”
nd control of film diffusion in adsorption may be deduced from
he linear fit of the data to the Reichenberg equation [32]
= 1 − 6e−Bt

π2 (11) F
h

able 2
hermodynamic parameters for the adsorption of MP onto TWMP

H (kJ mol−1) �S (kJ mol−1) �G (kJ mol−1)

283 K 293 K

8.82 ± 5.53 0.176 ± 0.006 −1.99 −2.67
Fig. 8. Effect of temperature on sorption of MP onto TWMP.

here Q = qt/qm, Bt = π2 Di/r2 and qt and qm are adsorbed con-
entration at time t and the maximum adsorption capacity of the
orbent and Di is the effective diffusion coefficient of the adsor-
ate species inside the adsorbent particle. The value of Bt which
s a mathematical function of Q, can be evaluated for each value
f Q, using following equation:

t = −0.4977 − ln(1 − Q) (12)

he plot of Bt versus time (Fig. 6) follows linearity from 0 to
0 min, which indicates the formation of film coating of the
dsorbate on the adsorbent surface.

.8. Thermodynamics

The variation in temperature, influencing the distribution of
dsorbate between solid and liquid phases was examined in the
ange 283–323 K, under optimized conditions mentioned earlier.
he plot of ln Kc versus 1/K gives a straight line with coefficient
f determination ‘R2’ (0.95 ± 0.13) as shown in Fig. 8.

Kc = Fe/(1 − Fe), where Fe is the fraction adsorbed at equilib-
ium, while K is the temperature in Kelvin. The thermodynamic
arameters, such as enthalpy �H, entropy �S and Gibbs free
nergy �G were estimated [33,34] using following equations:

n Kc = −�H

RT
+ �S

R
(13)
c

rom the slope and intercept of plot, the values of �H and �S
ave been computed, while �G is calculated using Eq. (14). The

303 K 313 K 323 K 333 K

−4.18 −5.72 −8.53 −10.77
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Table 3
Percent adsorption and percent recoveries of MP from spiked water samples
onto TWMP

Sample Removal (%) Recovery (%)
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[32] D. Reichenberg, J. Am. Chem. Soc. 75 (1953) 589–
99 ± 1 97 ± 0.6
98 ± 0.8 96 ± 0.5

esults are presented in Table 2. It may be deduced from the posi-
ive value of �H the adsorption process is endothermic in nature,
nd the negative values �G suggests the spontaneous nature of
dsorption. The decrease in the value of �G with the increase of
emperature shows that the reaction is more spontaneous at high
emperature. The decrease in the value of �G with an increase
n temperature indicates that the reaction became fast with the
ise in temperature.

. Application of the proposed method

The proposed methodology was applied to contaminated sur-
ace water samples. Surface water samples (samples A and
) were collected from two different agricultural areas of dis-

rict Matiari. The contaminated water samples were spiked with
0 �g/ml of the methyl parathion pesticide. Amount of methyl
arathion pesticide in sample A (0.85 ± 0.03) and in sample B
0.74 ± 0.02) �g/ml was determined.

For the removal of methyl parathion from contaminated water
amples onto TWMP, at optimized experimental conditions,
00 ml portions of the spiked water samples were agitated for
0 min by using 0.4 g of adsorbent. 10 �l was injected to HPLC
or the analysis by using adsorption procedure as stated in the
xperimental part. TWMP effectively removed methyl parathion
esticide from contaminated water samples. The sorbed amount
f methyl parathion was recovered with 5 ml of methanol by son-
cation on an ultrasonic bath for 10 min. The percent adsorptions
long with percent recoveries are presented in Table 3.

. Conclusion

The experimental results showed that chemically and ther-
ally treated watermelon peels are effective adsorbent for the

emoval of methyl parathion pesticide from water. Removal of
ethyl parathion pesticide is higher at acidic pH range. Fre-

ndlich adsorption isotherm proposes adsorption capacity of
orbent is better for lower concentration solutions rather than
igher concentration solution, where as Langmuir isotherm
epict favorable adsorption process. Adsorption energy obtained
rom D–R isotherm shows the physiosorption nature of the sorp-

ion process. Kinetic of adsorption follows a first-order rate
quation.

Thermodynamic parameters �S, �G and �H indicate that
dsorption process is thermodynamically favorable, sponta-

[

[

ing Journal 138 (2008) 616–621 621

eous and endothermic in nature. Methyl parathion pesticide
as successively removed from real surface water samples.
ethanol was found to be better solvent for desorption of
ethyl parathion pesticide from surface of treated watermelon

eels.
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