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a b s t r a c t

The ability of Neem oil cake (NOC), a bio-waste material to remove Cu(II) and Cd(II) ions from aqueous
solution was investigated. The influence of pH, sorbent dose, concentration, temperature, and contact time
on the sorption of Cu(II) and Cd(II) on NOC has been studied by batch process. The sorption was found
to be maximum in acidic medium and increases with increase in initial concentration. Percent deviation
(P) and regression coefficient (r2) for Langmuir and Freundlich sorption isotherms shows better fitting
of the models. Thermodynamics parameters indicate that the process is endothermic and spontaneous.
Activation energies for Cu(II) and Cd(II) were calculated from Dubinin–Redushkevich (D–R) isotherms are
high 8.3–8.7 and 7.17–11.4 kJ mol−1 showing that chemisorption is involved. The sorption kinetics was
found to follow pseudo-second-order model.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Toxicities of water bodies through the discharge of indus-
trial effluents are a world wide environmental problem. Industrial
wastewater often contains considerable amount of heavy metals
and organic pollutants that would endanger public health and the
environment if discharged without adequate treatment. The heavy
metals are of special concern because they are non-degradable and
therefore persistent [1].

Copper (Cu(II)) and Cadmium (Cd(II)) are toxic heavy metals nor-
mally found in industrial wastewater. Cd(II) is more toxic of the
two. It makes its way to water bodies through wastewater from
metal plating industries, industries of Cd–Ni batteries, phosphate
fertilizer, mining, pigments, stabilizers and alloys [2]. Cu(II) in low
concentration (<5 mg L−1) is generally considered to be toxic for
man [3]. Industries discharging Cu(II) in the wastewater are elec-
troplating industries, pulp and paper mills, fertilizer plants, steel
work foundries, petroleum refineries, aircraft plating and finish-
ing, motor vehicles and non-ferrous metal works [4,5]. Poisoning
of Cd(II) in humans causes high blood pressure, kidney damage
and destruction of testicular tissue and Red blood cells (RBCs) [6].
In small amounts Cd(II) is associated with hypertensive diseases
[7] and is considered as carcinogenic to man [8]. The permissible
limits of Cd(II) is 0.05 mg L−1 [2]. While, Cu(II) causes gastrointesti-
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nal catarrh, cramps in calves, hemochromatosis (characterized by
bronzed skin, enlarged liver, abnormalities of pancreas and joints)
and skin dermatitis brasschills, usually accompanied by high fever
[9,10]. The permissible limit of Cu(II) for drinking water following
WHO’s guidelines is 1 mg L−1 [11].

Many chemical methods such as chemical precipitation, elec-
tro floatation, ion-exchange and reverse osmosis have been used
for the removal of heavy metals. However, these processes are
economically non-feasible especially in developing countries. The
sorption process has been found to be economically appealing for
the removal of heavy metals with better removal efficiency from
wastewater.

Activated carbon (AC) is a common conventional adsorbent used
to sequester heavy metals from wastewater but it is expensive due
to the regeneration cost and loses in the application process [12].
Several sorbents have been used earlier for the treatment of Cu(II)
and Cd(II) rich effluents [13–23]. The sorption behavior of orange
fruit peel, saw dust, pyrolusite, kyanite, rice husk and Parthenium
hysterophorous for the removal and recovery of Ni(II), Cr(VI), Pb(II),
Cu(II) and Cd(II) from rivers and industrial wastewater have been
studied in our laboratory [24–28].

Mustard oil cake (MOC) studied earlier in our laboratory was
found to be excellent sorbent for the removal of Cu(II) from wastew-
ater [3]. This has encouraged us to explore the sorption properties
of Cu(II) and Cd(II) by Neem oil cake (NOC), a bio-waste mate-
rial obtained as byproduct of Neem fruit. The composition of NOC
shows N2 – 5.2%, P2O5 – 1%, K2O – 1.4% [29]. Oil cakes in gen-
eral have low C/N ratio therefore their degradation is rapid [29].
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This is an additional advantage that spent oil cakes are degraded
rapidly and hence their disposal is easy in comparison to other
biosorbents.

Neem (Azadirachta indica) is a fast growing, usually evergreen
plant, which reaches a height of 15–20 m and a trunk girth of
1.5–3.5 m. Neem has been widely explored for solving various prob-
lems related to agriculture, public health, population control and
environmental pollution [30]. The main components in Neem are
azadirachtin, salannin, nimbin and nimbidin. Other important con-
stituents are a number of fatty acids like oleic acid, stearic acid,
palmitic and linoleic acids, etc. [31]. The presence of OH and COOH
functional groups may be responsible for the sorption of metal ions
on NOC. Neem has been recognized as a natural air purifier and it
has been suggested that the planting of Neem trees on roadside is
an effective way to regulate traffic related pollution [32].

2. Materials and methods

2.1. Sorbent

Oil is extracted from the fruit of Neem (A. indica) and waste
matter left after extraction is known as Neem oil cake. The NOC was
treated with hot double distilled water (DDW) in order to remove
the traces of oil and finally dried in open-air oven at 60–65 ◦C for
24 h. After drying, the sorbent was sieved to 300–100 �m particle
size and used as such.

2.2. Sorbate solution

Stock solutions of Cu(II) and Cd(II) were prepared (1000 mg L−1)
by dissolving the desired quantity of their nitrate salts (A.R. grade)
in DDW.

2.3. Sorption studies

Sorption studies were carried out by batch process. 0.5 g sor-
bent was placed in a conical flask with 50 mL solution of metal
ions of desired concentration. The mixture was shaken in temper-
ature controlled shaker incubator for 2 h at 120 rpm. The mixture
was then filtered using Whatman filter paper No. 41 and final con-
centration of metal ion was determined in the filtrate by atomic
absorption spectrometry (AAS) (GBC 902). The amount of metal
ions sorbed was calculated by subtracting final concentration from
initial concentration.

2.4. Effect of pH

The effect of pH on the sorption of Cu(II) and Cd(II) was studied
by batch process as follows: 100 mL of metal solution was taken in
beaker. The desired pH of solution was adjusted by adding dilute
solution of 0.1 M HCl and 0.1 M NaOH. The concentration of metal
ions in this solution was then determined (initial concentration).
Fifty millilitres of this solution was taken in a conical flask and
was treated with 0.5 g sorbent and after equilibrium, the final con-
centration of metal ions was determined. Since adjusted pH of the
sorbate changes when equilibrium is reached therefore final pH at
equilibrium was also recorded. The difference in final pHf and ini-
tial pHi (�H = pHf − pHi) was found to be 4.1, 2.5, 0.9 and −3.2 for
Cu(II) and 3.9, 2.6, 1.4 and −3.1 for Cd(II), respectively.

2.5. Effect of contact time

A series of 250 mL conical flasks, each having 0.5 g sorbent and
50 mL solution (of known metal concentration) were shaken in

temperature controlled shaker incubator at 120 rpm and at the pre-
determined time intervals (0.5, 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 60,
80,100 and 120 min) the solution of the specified flask was taken
out and filtered. The concentration of metal in the filtrate was deter-
mined by AAS. The amount of metal sorbed in each case was then
determined as described earlier.

2.6. Effect of sorbent dose

A series of 250 mL conical flasks each containing 50 mL of metal
solution (50 mg L−1) were treated at different temperatures by
varying the amount of sorbent (0.1–0.8 g). The flasks were shaken
in temperature controlled shaker incubator at 120 rpm and after
equilibrium (24 h) the solutions were filtered. The amount of metal
ions in filtrate was then determined by AAS. The amount of metal
sorbed in each case was calculated as above.

2.7. Quality assurance and quality control

To make sure that no metal ions were released to the solution
from the sorbent, an equilibrium test was performed using sorbent
(NOC) in DDW. For assuring quality in the sorption studies distilled
water blank and two duplicates were included in the experiments.

To ensure accuracy after each set of five samples, a standard was
analyzed to ensure that drift had not occurred.

The samples were analyzed in triplicate by AAS. The percent
relative standard deviation (R.S.D.) for samples was calculated and
if the value of percent R.S.D. for any sample was greater than 10%
the data were declared unusable.

3. Result and discussions

3.1. Effect of concentration

The increase in initial concentration of Cu(II) and Cd(II) ions
results in an increase in the sorption capacity, qe (mg g−1). This is
a usual phenomena observed on various sorbents since transfer of
metal ions from bulk to the surface of the sorbent increases with
increase in concentration of metal ions. This is the basic property
of the sorbent to be utilized for the removal of metal ions from
wastewater. However, in many cases where natural sorbents are
used, it fails to give reproducible results. The reasons are many like
non-uniform particle size and surface properties, etc. Therefore an
extensive study for the sorption of Cu(II) and Cd(II) has been carried
out. The data in Table 1 shows that sorption capacity of Cu(II) and
Cd(II) increases with increase in initial concentrations. The stan-
dard deviation in each case is well within the range. These data
indicate the reproducibility of the results.

3.2. Effect of pH

The percentage sorption of Cu(II) and Cd(II) on NOC increases
with increase in pH, attaining maximum at pH 4.4 and 4.5 for Cu(II)
and Cd(II) respectively (Fig. 1). Availability of negatively charged
groups on the sorbent surface is necessary for the sorption of met-
als [3]. Sorption at pH 2 is less as the sorbent surface is potentially
changed due to the presence of H+ and H3O+. In such system H+

compete with metal ions [33] resulting in active sites to become
protonated to the virtual exclusion of metal binding on the sor-
bent surface [34]. This means that at higher H+ concentration, the
sorbent surface becomes more positively charged thus reducing
the attraction between sorbent and metal cations [35]. In con-
trast, as the pH increases, more negatively charged surface becomes
available thus facilitating greater metal uptake and therefore metal
sorption tends to increase significantly by increasing pH. Thus,
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Fig. 1. Effect of pH on the sorption of Cu(II) and Cd(II) on NOC.

50 mg L−1 solutions of Cu(II) and Cd(II) at pH values 4.4 and 4.5
shows 92 and 95.3% sorption, respectively.

3.3. Effect of contact time

Sorption of Cu(II) and Cd(II) on NOC at various initial concen-
trations was carried at different intervals of time (5–60 min). The
maximum uptake of Cu(II) was found to be 2.32, 4.91 and 7.2 mg g−1

at 25, 50 and 75 mg L−1 initial Cu(II) concentrations respectively.
The extent of sorption increased rapidly in the initial stages and
then became slow at later stages till the equilibrium is attained.
Equilibrium time for the sorption of Cu(II) at different concentra-
tions was found to be 30 min showing that equilibrium time is
independent of initial concentration of Cu(II) (Fig. 2). Similarly sorp-
tion of Cd(II) increases with increase in initial concentration (Fig. 3).
The maximum sorption capacities at equilibrium were found to be
1.47, 2.4 and 4.94 mg g−1 at 15, 25 and 50 mg L−1 initial Cd(II) con-
centration, respectively. The equilibrium time was found to be 10,
50 and 60 min, respectively, for the initial Cd(II) concentrations of
15, 25 and 50 mg L−1 showing that equilibrium time depends upon
the initial Cd(II) concentrations.

Fig. 2. Effect of time on the sorption of Cu(II) on NOC.
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Fig. 3. Effect of time on the sorption Cd(II) on NOC.

3.4. Effect of sorbent doses

The sorption density (mg g−1) and percentage (%) sorption of
Cu(II) and Cd(II) by varying the dose of NOC at different temper-
atures are shown in Figs. 4 and 5. The %sorption increases while
sorption density decreases as the sorbent dose is increased. An
increase in temperature also increases the %sorption. It may be con-
cluded that by increasing the sorbent dose, the removal efficiency
of NOC increases. The decrease in sorption capacity may be due
to the fact that some sorption sites may remain unsaturated dur-
ing the sorption process where as the number of sites available for
sorption increases by increasing the sorbent doses [36].

3.5. Sorption isotherms

Sorption data for wide range of adsorbate concentration are
most conveniently described by sorption isotherms, such as the
Langmuir and Freundlich isotherms.

The Langmuir equation is:

Ce

qe
= 1

bqm
+ 1

qm
× Ce (1)

Fig. 4. Effect of sorbent dose on %sorption and sorption density of Cu(II) at different
temperatures (pH 4.5).

Fig. 5. Effect of sorbent dose on %sorption and sorption density of Cd(II) at different
temperatures.

where Ce is the equilibrium concentration of sorbate (mg L−1), qe

is the sorption capacity (mg g−1), b (L g−1) and qm (mg g−1) are
Langmuir constants.

The values of Langmuir constants b and qm were calculated from
the slope and intercept of the linear plot of Ce/qe vs. Ce. The coeffi-
cient b in Langmuir equation is related to the binding energy with a
pH-dependent equilibrium constant. qm is the maximum sorption
capacity determined by the number of reactive surface sites in an
ideal monolayer system. qm is calculated for various sorbents used
for the removal of Cu(II) and Cd(II) and compared with the present
study (Table 2).

The essential feature of the Langmuir isotherm can be expressed
in terms of dimensionless constant separation or equilibrium
parameter (RL), which is defined as

RL = 1
1 + bCo

(2)

where Co is the initial metal ion concentration (mg L−1) and b the
Langmuir constant. The value of RL indicates the type of isotherm to
be irreversible (RL = 0), favorable (0 < RL < 1), linear (RL = 1) or unfa-
vorable (RL > 1) [37]. It is found that sorption of Cu(II) and Cd(II) on
NOC is favorable (Table 3).

Freundlich isotherm is given by equation:

log qe = log Kf + 1
n

log Ce (3)

where Kf and n are Freundlich constants.
The values of Kf and n were calculated from the intercept and

slope of the Freundlich plots are shown in Table 3. Kf indicates the
sorption capacity of adsorbent. The constant n is a measure of devi-
ation from linearity of the sorption. The values of n is not only a
measure of the deviation from linearity, but informs about the het-

Table 2
Sorption capacities (mg g−1) of various sorbents for Cu(II) and Cd(II)

Sorbents Cu(II) Cd(II) Reference

Date pits – 6.50 [43]
Chitosan 16.80 8.54 [44]
Clinoptilolite 1.64 2.40 [45]
Montmorillonite – 0.72 [46]
Flyash–wollastonite 1.18 – [47]
Tannic acid modified activated carbon 2.73 2.46 [48]
Oligotrophic peat 6.41 – [49]
Bentonite – 11.41 [47]
Chabazite 5.10 6.70 [50]
NOC 9.398 11.82 [Present study]
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Table 3
Langmuir and Freundlich constants for the sorption of Cu(II) and Cd(II) on NOC

Metal ions Langmuir constants Freundlich constants

qm (mg g−1) b (L mg−1) bqm (L g−1) r2 RL P Kf (mg g−1) n r2 P

Cu(II) 9.398 0.4063 3.818 0.9905 0.9015 0.26 2.45 1.92 0.9932 4.8
Cd(II) 11.82 0.0123 6.868 0.9963 0.469 5.8 3.45 2.05 0.9936 0.05

erogeneity degree of the sorption sites. As n approaches zero, the
surface site heterogeneity increase. The values of n > 1 for Cu(II)
and Cd(II) indicate favorable sorption of Cu(II) and Cd(II) by NOC at
different concentrations [38].

In order to compare quantitatively the applicability of differ-
ent models (Langmuir, Freundlich and kinetics models) in fitting
to data, the percent relative deviation (P), given by the following
equation was calculated

P = 100
N

∑
{[qe(exp) − qe(theo)]/qe(exp)}

(4)

where qe(exp) is the experimental value of qe at any value of Ce,
qe(theo) is the corresponding theoretical value of qe and N is the
number of observations. It is found that lower the value of per-
centage deviation (P) better is the fit. It is generally accepted that
when P value is less than 5, the fit is considered to be excellent
[39]. The values of P for Langmuir and Freundlich plots of Cu(II) and
Cd(II) indicate that both the models are better obeyed which is also
evident from regression coefficient values (Table 3).

3.6. Thermodynamics studies

The thermodynamic parameters like enthalpy change (�H◦) and
entropy change (�S◦) were obtained from the Van’t Hoff equation.

log Kc = �S◦

2.303R
− �H◦

2.303RT
(5)

where, �S◦ and �H◦ were calculated from the slope and intercept of
linear plots of log Kc vs. 1/T (Fig. 6) for Cu(II) and Cd(II). Equilibrium
constant (Kc) was calculated from the following relationship [1].

Kc = CAe

Ce
(6)

where CAe and Ce are the equilibrium concentrations of metal
(mg L−1) on sorbent and in solution, respectively.

Free energy change (�G◦) was calculated from the relation

�G◦ = −RT ln Kc (7)

where T (K) is the absolute temperature, R (J K−1 mol−1) gas con-
stant, �G◦ is the standard free energy change.

The positive values of �H◦ for Cu(II) and Cd(II) (Table 4) suggest
endothermic nature of sorption. The increase in sorption of Cu(II)
and Cd(II) with temperature might have been due to change in the
pore size and enhanced rate of intra-particle diffusion [40]. The
free energy change (�G◦) of the process decreases with increase in
temperature, which indicates that the process is spontaneous and
spontaneity increases with increase in temperature. The positive

Fig. 6. Plots of log Kc vs. 1/T for Cu(II) and Cd(II).

value of entropy change (�S◦) shows the increase in randomness at
the solid/solution interface during the sorption of Cu(II) and Cd(II).

To distinguish between the physical and chemical sorption on
NOC, Dubinin–Redushkevich (D–R) isotherm based on the hetero-
geneous nature of the sorbent surface is applied. The linear form of
(D–R) isotherm equation is [41,42]

ln qe = ln qm − ˇE2 (8)

where ˇ is the activity coefficient constant (mol2 J−2), qm the
maximum sorption capacity (mol g−1), qe the sorption capacity
(mol g−1), and E the Polanyi potential.

The value of E can be calculated from the relation

E = RT ln
(

1 + 1
Ce

)
(9)

where T is the absolute temperature (K), R the gas con-
stant (J mol−1 K−1) and Ce the concentration at equilibrium
(mol L−1).Hence, by plotting ln qe vs. E2, the values of qm from the
intercept and ˇ from the slope are generated (Figs. 7 and 8).

The constant ˇ gives an idea about the mean free energy (Ea)
(kJ mol−1) of sorption molecule of the sorbate when it is transferred
to the surface of the solid from infinity in the solution and can be
calculated using the relationship [42].

Ea = 1

(−2ˇ)1/2
(10)

Table 4
Thermodynamic parameters for the sorption of Cu(II) and Cd(II) on NOC at different temperatures

Metal ions Temperature (◦C) Kc �G◦ (kJ mol−1) �H◦ (kJ mol−1) �S◦ (kJ mol−1 K−1) Ea (kJ mol−1)

Cu(II) 35 0.469 −3.07 8.7
40 0.678 −4.035 56.374 0.193 8.9
50 0.923 −5.965 8.3

Cd(II) 32 0.057 −0.28 9.8
40 0.299 −1.808 57.975 0.191 11.4
50 0.602 −5.319 7.17
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Fig. 7. D–R isotherm of Cu(II).

The magnitude of Ea for the sorption of Cu(II) and Cd(II) on NOC
lies between 8.3–8.7 and 7.17–11.4 kJ mol−1, respectively, indicating
that the sorption process is chemical in nature.

3.7. Kinetics of sorption

A quantitative understanding of the sorption is possible with
the help of kinetic models. The pseudo-first-order kinetic model as
expressed by Lagergren [28] can be written as:

log(qe − qt) = log qe − K1

2.303
× t (11)

where qe and qt are the amount of metal sorbed (mg g−1) at equi-
librium and at time t, respectively, and K1 is the pseudo-first-order
equilibrium rate constant (min−1). A plot of log (qe − qt) vs. t gives
straight line confirming the applicability of the pseudo-first-order
rate equation (Figs. 9 and 10).

Pseudo-second-order sorption rate equation may be expressed
as

t

qt
= 1

K2qe
+ 1

qe
× t (12)

Fig. 8. D–R isotherm of Cd(II).

Fig. 9. Pseudo-first-order kinetics for the sorption of Cu(II) on NOC.

K2 is the pseudo-second-order sorption rate constant
(g mg−1 min−1). Straight line plot of t/qt vs. t indicates the
applicability of pseudo-second-order model (Figs. 11 and 12).

The results have been analyzed using Eqs. (11) and (12). The
experimental data fitted well in both the equations. The values of
qe(theo) calculated from these models are compared with experi-

Fig. 10. Pseudo-first-order kinetics for the sorption of Cd(II) on NOC.

Fig. 11. Pseudo-second-order kinetics for the sorption of Cu(II) on NOC.
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Fig. 12. Pseudo-second-order kinetics for the sorption of Cd(II) on NOC.

mental values qe(exp) (Table 5). It is found that for pseudo-first-order
kinetic model the values of qe(theo) and qe(exp) differed appreciably.
The percent deviation (P) values for pseudo-first-order model indi-
cate that this model is not obeyed by the system (Table 5). On the
other hand, values of qe(theo) are found to be very close to qe(exp) for
pseudo-second-order model. The percent deviation (P) values are
well with in the range for the sorption of Cu(II) and Cd(II) on NOC.
The values of correlation coefficients (r2) are very high for pseudo-
second-order model as compared to pseudo-first-order rate model.
It is therefore confirmed that sorption of Cu(II) and Cd(II) on NOC
follows pseudo-second-order rate equation.

4. Conclusions

The present studies showed that Neem oil cake is a biodegrad-
able low cost biosorbent available abundantly in India. It is used as
a bio-pesticide for organic farming. The advantage of using oil cake
as a sorbent is that its decomposition is faster than other bulky
organic biomass due to low C/N ratio. Increase in sorption dose
increases removal efficiency of Cu(II) and Cd(II). Removal efficiency
also increases by increasing temperature.

The magnitude of the mean free energy indicates that sorption
of Cu(II) and Cd(II) occurs via chemisorption. The values of %devia-
tion (P) and regression coefficient (r2) suggest that both Langmuir
and Freundlich models are well obeyed. The kinetics models for
the sorption of Cu(II) and Cd(II) on NOC confirms better applicabil-
ity of pseudo-second-order rate equation as evident from percent
deviation (P) and regression coefficient values.

Acknowledgement

The authors are thankful to the Chairman of department of
applied chemistry for providing essential research facilities.

References

[1] C. Namasivayam, K. Ranganathan, Water Res. 29 (1995) 1737–1744.
[2] K.S. Low, C.K. Lee, Bioresour. Technol. 38 (1991) 1–6.
[3] M. Ajmal, R.A.K. Rao, M.A. Khan, J. Hazard. Mater. B122 (2005) 177–183.
[4] U. Forstner, C.T.W. Wittman, Metal Pollution in the Aquatic Environment,

Springer, New York, 1981.
[5] D.W. Jenkins, Flow of toxic metals in the environment, in: Proceedings of the

international conference on environmental sensing and assessment, vol. 1,
Wiley/interscience, New York, 1976.

[6] Encyclopedia of Environmental science, 2nd edn, Mc. Graw-Hill, New York,
1980, p. 354.

[7] H.A. Schroeder, J. Chronic Dis. 18 (1965) 647–656.
[8] International Agency for research on Cancer (IARC). Monographs on the evalu-

ation of carcinogenic risk of chemicals to man. In: Cd and Cd Compounds, vol.
11, 1976, p. 3974.



Author's personal copy

128 R.A.K. Rao, M.A. Khan / Colloids and Surfaces A: Physicochem. Eng. Aspects 332 (2009) 121–128

[9] T.R. Comp, Water and its Impurities, Rein hold, New York, 1964.
[10] A.G. Mukherjee, Environmental Pollution and Health Hazards Causes and Con-

trols, Galgotia Publication, New Delhi, 1986.
[11] W.H.O Guidelines for Drinking Water Quality, Recommendations, vol. 1, WHO,

Geneva, 1984.
[12] O. Gulnaz, S. Saygideger, E. Kusvuran, J. Hazard. Mater. B 120 (2005) 193–200.
[13] V.K. Gupta, Ind. Eng. Chem. Res. 37 (1998) 192–202.
[14] S.E. Samra, Adsorpt. Sci. Technol. 18 (2000) 761–775.
[15] O. Yavuz, Y. Altunkaynak, F. Guzel, Water Res. 37 (2003) 948–952.
[16] Y.S. Ho, G. Mc Kay, Adsorpt. Sci. Technol. 20 (2002) 797–815.
[17] I. Villaescusa, N. Fiol, M. Martinez, N. Mivalles, J. Poch, J. Serarsols, Water Res.

38 (2004) 992–1002.
[18] J. Peri, M. Trgo, N. Vukojevi, Water Res. 42 (387) (2004) 1893–1899.
[19] F. Banat, S. Al-Asheh, D. Al-Rousan, Adsorpt. Sci. Technol. 20 (2002) 319–335.
[20] C.P. Huang, Y.C. Chung, M.R. Liou, J. Hazard. Mater. 45 (2–3) (1996) 265–277.
[21] S.K. Ouki, M. Kavanagh, Waste Manag. Res. 15 (1997) 383–394.
[22] T. Gosset, J.L. Trancart, D.R. Thevenot, Water Res. 20 (1986) 21–26.
[23] S.M. Lee, A.P. Davis, Water Res. 35 (2001) 534–540.
[24] M. Ajmal, R.A.K. Rao, R. Ahmad, J. Ahmad, J. Hazard. Mater. B79 (2000) 117–

131.
[25] M. Ajmal, A.H. Khan, S. Ahmad, A. Ahmad, Water Res. 32 (1998) 3085–3091.
[26] M. Ajmal, R.A.K. Rao, B.A. Siddiqui, Environ. Mon. Assess. 38 (1995) 25–35.
[27] M. Ajmal, R.A.K. Rao, R. Ahmad, J. Ahmad, L.A.K. Rao, J. Hazard. Mater. B87 (2001)

127–137.
[28] M. Ajmal, R.A.K. Rao, S. Anwar, J. Ahmad, R. Ahmad, Bioresour. Technol. 86

(2003) 147–149.
[29] A.C. Gaur, S. Neelakanta, K.S. Dargan, Organic Manures, Indian Council of

Agricultral Research, New Delhi, 1981, pp. 68–69.

[30] National Research Council, Neem: A Tree for Solving Global Problems, Report
of an adhoc Panel of the Board on Science and Technology for International
Development, National Academy Press, Washington, DC, 1992.

[31] K.G. Bhattacharyya, A. Sharma, J. Hazard. Mater. B113 (2004) 97–109.
[32] H. Schmutterer, in: H. Schmutterer (Ed.), The Tree and its Characteristics in the

Neem Tree, VCH, Weinheim, 1995, pp. 1–34.
[33] E. Luef, T. Prey, C.P. Kubicek, Appl. Microbiol. Biotechnol. 34 (1991) 688.
[34] K.S. Low, C.K. Lee, K.P. Lee, Bioresour. Technol. 44 (1993) 109–112.
[35] I. Aldov, E. Fourest, B. Volesky, Can. J. Chem. Eng. 73 (1995) 516.
[36] D.C. Sharma, C.F. Foster, Water Res. 27 (7) (1993) 1201–1208.
[37] V.J.P. Poots, G. Mc Kay, J.J. Healy, Water Pollut. Control Fed. J. 50 (1978) 926.
[38] A. Ozcan, A.S. Ozcan, S. Tunali, T. Akar, I. Kiran, J. Hazard. Mater. B124 (2005)

200–208.
[39] E. Ayranci, O. Duman, J. Hazard. Mater. B124 (2005) 125–132.
[40] A. Benhammon, A. Yaacoubi, L. Nibou, B. Tanonti, J. Colloids Interface Sci. 282

(2) (2005) 320–326.
[41] K.K. Panday, G. Prasad, V.N. Singh, Water Res. 19 (1985) 869–873.
[42] M.M. Dubinin, L.V. Radushkevich, Proc. Acad. Sci. U. S. S. R., Phys.-Chem. Sect.

55 (1947) 331.
[43] F. Banat, S. Al-Asheh, Makhadmeh, Adsorpt. Sci. Technol. 21 (3) (2003) 245–260.
[44] C.P. Huang, Y.C. Chung, M.R. Liou, J. Hazard. Mater. 45 (1996) 265–277.
[45] M.J. Zamzow, B.R. Eichbaum, Sep. Sci. Tech. 25 (1990) 1555–1569.
[46] S.K. Srivastava, R. Tyagi, N. Pal, Environ. Technol. Lett. 10 (1989) 275–282.
[47] K.K. Panday, G. Prasad, V.N. Singh, Environ. Technol. Lett. 7 (1986) 547–554.
[48] A. Ucer, A. Uyanik, S.F. Aygun, Sep. Purif. Technol. 47 (2006) 113–118.
[49] X.H. Chen, T. Gosset, Thevenot, Water Res. 24 (1990) 1463–1471.
[50] S.K. Ouki, M. Kavanagh, Waste Mange. Res. 15 (1997) 383–394.


