J. Soil Sci. and Agric. Eng., Mansoura Univ,, Vol. 4(9): 875 - 987, 2013

ADSORPTION STUDIES ON THE REMOVAL OF
HEXAVALENT CHROMIUM AND LEAD FROM
CONTAMINATED WASTEWATER USING LEAVES OF
WATER HYACINTH AS AN ADSORBENT

Omar, T. M. Y. and A. M. El-Shinnawy
Regional Center for Foods and Feeds, Agric. Res. Center, Ministry of
Agric., Giza, Egypt.

ABSTRACT

Present of heavy metals in the aquatic system has become a serious
problem. As a result, there has a great deal of attention give to new technologies for
removal of heavy metal ions from contaminated waters. Biosorption is one such
emerging technology which utilized naturally occurring waste materials to sequester
heavy metals from industrial wastewater. The wastewater containing hexavalent
chromium and lead was treated with biomass prepared from water hyacinth leaves.
was found that a time of 2 hrs was sufficient for sorption to attain equilibrium. The
equilibrium sorption capacity after 2 hrs was 18 mg/L and 15 mg/L for lead and
chromium, respectively. The optimum pH was 5 for lead and 2 for chromium.
Temperature has strong influence on biosorption process. The removal of lead
decreased with increase in temperature. On the other hand, chromium removal
increased with increasing in temperature up to 40°C and then started decreasing. lon
exchange was the major removal mechanism along with physical sorption and
precipitation. Equilibrium data were analyzed by Langmuir and Freundlich isotherm
models and the biosorption data were well fitted to Freundiich isotherm model. It was
concluded that adsorbent prepared from water hyacinth leaves can be utilized for the
treatment of lead and chromium in wastewater. The water hyacinth leaves can be
possible recycled by washes with 0.5 N NaGH solution then with tap water several
times to get rid of metals. These results introduce applicable technique for removal
heavy metal ions from contarninated waters resulted from industrial activities and
Keywords: Biosorption, water hyacinth leaves, hexavalent chromium, lead ,

wastewater, removal.

INTRODUCTION

The release of toxic substances in the wastewater from industrial
activities such as mining, metal processing, pharmaceuticals, pesticides,
organic chemicails, rubber and plastics, etc. may cause serious effects on the
environment and human health. 1t is because the toxic substances have a
tendency to accumulate in the soil, sea water, fresh water and sediments due
to their high dispersion from where they enter into the food chain
Rathnakumar et al., {2008). In order to have a poliution-free environment, the
toxic heavy metals should be removed from wastewater before its disposal.
The discharge of heavy metals into surface waters has become a matter of
concern in Egypt over the last two decades. These contaminants are
introduced into surface waters through various industrial operations. The
pollutants of concern include lead, chromium, zinc, and copper. Heavy metals
such as zinc, lead, and chromium have number of appiications in basic
engineering works, paper and pulp industries, leather tanning, petrochemicals
fertilizers, etc. The hexavalent and trivalent chromium is often present in
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electroplating wastewater (Kratochvil and Volesky, 1998). Other sources of
chromium pollution are leather tanning, textile, metal procéssing, paint and
pigments, dyeing and steel fabrication. Lead is used as industrial raw materiali
in the manufacture of storage batteries, pigments, leaded glass, fuels,
photographic materials, matches and explosives (Raji and Anirudhan, 1997).
Lead and chromium are toxic metal contaminants in water. According to the
standards set by the Egyptian Ministry of Health for permits to discharge
treated industrial liquid effluents into fresh water are 0.05 mg/L. Maximum
limit in drinking water is 0.05 mg/L for both metals. In fact there is no safe
level of these metals in drinking water and even a very dilute content can
cause adverse health effects. Lead is toxic to living organisms and if released
into the environment can bio accumulate and enter the food chain. Lead is
known to cause mental retardation, reduces hemoglobin production
necessary for oxygen transport and it interferes with normal cellular
metabolism. Lead has damaging effects on body nervous system. It reduces
Intelligence Quotient (1.Q.) level in children. Strong exposure of hexavalent
chromium causes cancer in the digestive tract and lungs and may cause
gastric pain, nausea, vomiting, severe diarrhea, and haemorrhage (Mohanty
et al. 2005).

The conventionally methods for treatment of lead and chromium
wastes include: lime and soda ash precipitation, adsorption with activated
carbon, ion exchange, oxidation and reduction, fixation or cementation.
These methods are economically unfavorable or technically complicated, and
are used only in special cases of wastewater treatment (kratochvil and
Volesky, 1998 and Sharma, 2003). Conventional methods for the removal of
heavy metals from wastewater, however, are often cost prohibitive having
inadequate efficiencies at low metal concentrations, particularly in the range
of 1 — 100 mg/L (Volesky, 2000). For this reason, low cost adsorbents have
been evaluated for the removal of heavy metals from aqueous solutions.
Biosorption is a promising technique for the removal of heavy metals from
agueous environments especially when adsorbents are derived from
lignocelluloses’ materials (Coelho et al, 2007). The search for new
technologies to remove toxic metals from wastewater has directed attention
to biosorption, which is based on metal binding to various biological -
materials. Biosorption is a fast and reversibie reaction of the heavy metals
with biomass. Laszlo and Dintzis (1994) have shown that lignoceliuloses
have ion-exchange capacity and general sorptive characteristics, which are
derived from their constituent polymers and structure. The polymers include
extractives, cellulose, hemicelluloses, pectin, lignin and protein. Agricultural
by-products vary greatly in their ability to remove metals from solution. The
ability of biological materials to adsorb metal ions has received considerable
attention for the development of an efficient, clean and cheap technology for
wastewater treatment at metal concentrations as low as 1 mg/L (Chong and
Volesky, 1995). In recent years, special attention has been focused on the
use of natural sorbents as an alternative to replace the conventional
adsorbents, based on both the environmental and the economical points of
view Bailey et al., (1999) and Babel and Kurniawar, (2003). Natural materials
that are available in large quantities, or certain waste products from industrial
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or agricuitural wastes and operations, may have potential as inexpensive
sorbents. Due to their low cost, when these materials the end of their lifetime,
they can be disposed of without expensive regeneration. The abundance and
availability of agricultural by-products make them good sources of raw
materials for natural sorbents. In this research adsorbent prepared from water
hyacinth leaves was used for treatment of lead and chromium wastes.
Eggshell powder is a waste material and conveniently used for the treatment
of industrial wastewater containing Cu and Pb metals. The most important
finding of the study showed that in the mixture of metal ions the adsorption
percentage is decreased. It clearly indicate that heavy metals need to be
removed from the industrial waste before the discharge into the rivers as well
as the present study showed that one more metal will decrease the
adsorption efficiency of adsorbent (Agarwal A., 2013).

Chromium (V1) is present in solution as CrO,~ and Cr,0y 2 at normal
pH values but when pH values are reduced below 3 then chromium exists in
the form of H CrQ, ~ (Cimino et al.,2000; Demirbas et al., 2004 ; Park et al.,
2006b). When adsorbent developed from water hyacinth leaves is mixed with
chromium solution at low pH values then OH™ group present in biomass are
replaced by chromate ions in the solution. At pH values close to five the
adsorbent surfaces are negatively charged due to release of H' ions,
therefore these attract lead cation (Pb?"). Water hyacinth also has Ca, Mg,
Na ions. These are present in the structure of complex organic compounds in
water hyacinth and exchange with Pb?" cations during sorption process
(Kratochvil and Volesky,1998). Water hyacinth has considerable amounts of
Ca0, MgO, Na,0 K,0 etc. When leaf powder is mixed in water these oxides
are converted into hydroxides. These hydroxides precipitate the metal cations
(Schneider et al., 2001).

In general, an adsorbent can be assumed as “low-cost” if it requires a
little bit processing, is abundant in nature, or is a by-product or a waste from
an industry. Natural material or certain waste from industrial or agricultural
" operation is one of the resources for low cost adsorbents. Generally, these
materials are locally and easily available in large quantities. Therefore, they
are inexpensive and have little economic value (Mohana and Pittman, 2007).
The objectives of the present study was to utilize the locally available
agricultural waste materials for heavy metal removal from industrial
wastewater and the present study are: (1) to study the effect of contact time
of Cr(Vl) and Pb(ll) metal ions adsorption on water hyacinth leaves; (2) to
investigate the influence of pH and temperature on the adsorption of Cr(VI)
and Pb(ll); (3) to find the effect of adsorbent dose and initial concentration on
the adsorption of Cr(V]) and Pb(ll) and (4) to describe the experimental data
of adsorption isotherms through Langmuir and Freundlich models.

MATERIALS AND METHODS

Composition of water hyacinth leaves
Water hyacinth leaves is very versatile natured chemical species as
these contain a variety of organic and inorganic compounds. Cellulose,
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hemicelluloses, pectin and lignin percent in the cell wall are the most
important sorption sites (Volesky, 2003). Water hyacinth has chlorophyli,
carotene, anthocyanin and tannin which contribute to metal biosorption. The
important feature of these compounds is that they contain hydroxyl,
carboxylic, carbonyl, amino and nitro groups which are important sites for
metal sorption (Volesky, 2003).
Adsorption process

Adsorption experiments were carried out in batch mode at ambient
temperature. Adsorption is a process that occurs when gas or liquid solute
accumulates on the surface of a solid or a liquid (adsorbent), forming a
molecular or atomic film (the adsorbate). Adsorption is operative in most
physical, biological, and chemical systems, and is widely used in industrial
applications such as activated charcoal, synthetic resins and water
purification. Similar to surface tension, adsorption is a consequence of
surface energy. Adsorption is usually described through isotherms, that is
functions which connect the amount of adsorbate on the adsorbent, with its
pressure (if gas) or concentration (if liquid).
Adsorbate Solutions

Synthetic wastewater used in this study was prepared to match the
real wastewater samples used in the adsorption studies. Hexavalent
chromium solution of 1000 mg/L concentration was prepared by dissolving
2.827 g potassium dichromate in one liter distilied water. Lead solution of
1000 mg/L concentration was prepared by dissolving 1.6 g lead nitrate in
one liter distilled water. These solutions were further dilute to get solutions of
various known concentrations of lead and chromium (100, 200, 300, 400 and
500 mg/L). The required pH (5 and 2 for Pb(il} and Cr (VI)) was adjusted by
drop wise addition of 0.1 N H,SO,, depending on the acidity of the sample.
Batch Sorption Experiments

Batch experiments were carried out to find the equilibrium time for
sorption of chromium and lead on water hyacinth leaves. All experiments
were performed three times and average values were used in all calculation.
All experiments were carried out at 25 °C by adding different amount of water
hyacinth leaves powder of 50 mesh sizes (0.5, 1.5, 2.0, 3.0 and 5.0 g/L) to
different concentrations of 250 ml of chromium and lead ions solution. The
agitation rate for all experiments was 300 rpm and the residence time was
(15, 30, 45, 60, 75, 90 and 120 minutes). The unknown quantities of lead and
chromium after filtrate were determined by Inductively Coupled Plasma (ICP-
OES) Perkin — Elmer Optima 7300, to determine the amount of metal left
after sorption.
Calculation of cations uptake by water hyacinth leaves

The amount of metal sorbed was calculated by material balance. The
amount of adsorption at equilibrium g. (mg/g) was calculated by:

ge=(Co - Ca)VIW ... (1)
Where Cy and C, (mg/L) are the liquid —phase concentration of chromium and
lead at initial and equilibrium, respectively, V(L) is the volume of the solution
and W (g) is the mass of dry adsorbent used. The adsorption efficiency of Cr
(V1) and Pb (If) can be calculated as:
Adsorption percentage = (Cp - Co)/ Ce X 100 ......... 2)
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Biomass Preparation

Water hyacinth leaves was soaked in 0.1 M HNO; for 24 hrs (50 g
water hyacinth leaves were soaked per liter). It was filtered and washed with
distilled water to remove acid contents. The washing was continued till the pH
of the filtrate become near neutral. It was first dried at room temperature and
then in an oven at 105 °C to remove moisture. This biomass was stored in air
tight glass bottles to protect it from humidity, so the samples become ready to
use (Qaiser et al., 2007). The water hyacinth leaves can be possible recycled
by washes with 0.5 N NaOH solution then with tap water. Excess alkali was
neutralized with 0.1 N HCL sclution and again washed with tap water several
times, to get rid of metals; this process will be useful for the removal of
residual of metals from adsorbent after treatment to be used for several times
(Nagamaik et al., 2002).

RESULTS AND DISUCTIONS

Effect of contact time

The effect of contact fime on Cr (VI) and Pb (ll) adsorption on water
hyacinth leaves powder was investigated to study the rate of Cr (Vi) and Pb
(1) ions remaoval (figure 1). It is easily seen from figure (1) that the removal
percentage of Cr (VI) and Pb (ll) metal ions increased with increasing the
contact time. The removal percentage 70% for Cr (Vi) and 82% for Pb (il)
after 120 min. [tis clear that at the beginning % removal increased rapidly in
few minutes by increasing contact time, then % removal increased lightly and
slowly til! reach maximum value and this can be explained on the basis that
as initially a large number of vacant surface sites are available for adsorption
of metal ions but with passage of time the surface sites become exhausted
(Zhan et al., 2000). These results indicate that water hyacinth leaves powder
has a very high capacity for adsorption of Cr(VI) and Pb(ll) ions in solutions.
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Figure (1) : Effect of contact time on chromium and lead ions removal
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Effect of Adsorbent Dose

The percentage adsorption of Cr(VI) and Pb(ll) ions onto water
hyacinth leaves powder was studied at different adsorbent doses [ 0.5, 1.5,
20,30 and 5 g/L ]. keeping pH 2 for Cr and 5 for Pb, respectively,
temperature (25 C), contact time (120 minutes) and initial concentration for
Cr and Pb are constant (500 mg/L). The adsorption capacity (mg/L) and
percentage adsorption of chromium and lead at different doses of water
hyacinth is shown in fig. (2 and 3). The degree percentage of adsorption
increases as the adsorbent dose is increased. It may be concluded that by
increasing the adsorbent dose, the removal efficiency of water hyacinth
increases, while adsorption efficiency decreases with increase in adsorbent
dose fig. (2 and 3). The decrease in adsorption efficiency may be due to the
fact that some adsorption sites may remain unsaturated during the adsorption
process whereas the number of sites available for adsorption site increase by
increasing the adsorbent doses and that results in the increase of removal
efficiency (Garg et al., 2007).
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Figures (2 and 3 ) : The effect of variant water hyacinth adsorbent
dosage on the removal and quantity adsorbed of
and /or for 500 mg/L. chromium and lead ions from
wastewater at constant time

Effect of Initial Chromium (VI) and Lead (lI) lons Concentration

The initial heavy metal ions concentration is an important parameter
in adsorption since a certain amount of adsorbent can adsorb a certain
amount of heavy metal ions. The results represented in figure (4), show that
the percentage of Cr(VI) and Pb(ll) ions adsorption were decreased with
increasing initial concentration. But the actual amount of Cr and Pb ions
adsorbed per unit mass of the adsorbent was increased with increasing Cr
and Pb ions concentration in the test solution as illustrated in figure (5). At
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low concentration the ratio of surface active sites to the total metal ions in the
solution is high and hence all metal ions interact with the adsorbent and are
removed quickly from the solution. However, the amount of metal jons
adsorbed per unit weight of adsorbent, q., is higher at high concentration.
According to these results, the initial Cr and Pb ions concentration plays an
important role in the adsorption capacities. Higher concentrations of metal
jons were used to study the maximum adsorption capacity of adsorbent

(Karthikeyan et al., 2006Mohanty et al., 2006).
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Figure (4): The effect of initial concentration on Figure (5) : The effect of initial concentration on
removal of Cr{Vl) and Pb(ll) ions quantity adsorbed of Cr(V1) and Pb(li) ions

Effect of pH on the uptake of chromium (Vi) and lead (ll).

Keeping the same operating condition as mentioned previously, pH
of solution was varied from 2 to 8 by the addition of 0.1 M nitric acid and 0.1
M ammonia solution. It was found that sorption of chromium was more at low
pH where as lead has almost same sorption in the pH range of 3 to 5 (figure,
6). The optimal pH for lead and chromium was 5 and 2 respectively. At pH
higher than 6 both metals were precipitated due to formation of hydroxides
and removal due to sorption was very low. At low pH the concentration of
proton was high and metal binding sites became positively charged repelling
the Pb*? cations and attracting the anions like HCrO,4 and CrO,2 Thus at low
pH removal of lead was low and removal of Hexavalent chromium was high.
Also more chromium removal at low pH was due to the reduction of Cr(V!) to
Cr(llly (Park et al, 2006a), which was then precipitated at the biomass
surface by forming Cr(OH)s. In this reduction H* was consumed and increase
in pH was observed at the end of experiments. The reduction of Cr(Vl) to
Cr(lll) was confirmed by analyzing the solution for Cr(Vl) using 1,5
diphenylcarbazide in spectrophotometer. At pH close to 5 the binding sites
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became negatively charged due to presence of hydroxyl, carboxylic and
amino groups. So at this pH lead was attracted by the adsorbent. A decrease
in pH was observed at the end of experiments in case of lead sorptlon This
was due to the release of proton as result of ion exchange between Pb*? and
H" ions. In case of Hexavalent chromium there was an increase in pH which
was due to exchange of HCrO4 with 9:!
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Figure (6): Effect of pH for the adsorption Figure(7): Effect of temperature on biosorpti
of Cr and Pb ions onto water capacity of lead and chromium
hyacinth at 250C

Effect of Temperature

Keeopmg all other parameters constant temperature was varied from
25°C to 40 °C. The sorptlon of chromium increased slightly with the increase
in temperature up to 40 °C and then started decreasing, whereas uptake from
25 °C to 40 °C (figure, 7). The temperature higher than 40 °C caused a
change in the tissue of the biomass and thus reduced its sorption capacity.

Biomass contains more than one type of sites for metal binding. The effect
of temperature on each site is different and contributes to overall metal
uptake. The effect of temperature on biosorption also depends on the heat of
sorption. Usually for physical sorption heat of sorption is negative; sorption
reaction is exothermic and preferred at lower temperature. For
chemisorptions the overall heat of sorption is combination of heat of various
reactions taking place at sorption sites. it depends on type of metal and
adsorbent. That is the reason for having different behavior of chromium and
lead uptake with temperature.

Analysis of Adsorption isotherms

The equilibrium study is important for an adsorption process as it
shows the capacity of the adsorbent and the adsorption isotherm is normally
applied to describe the adsorption mechanism for the interaction of cations on
the adsorbent surface. In the present study, experimental data were analyzed
to examine the adsorption isotherm using the Langmuir and Freundlich
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models. The Langmuir isotherm is applicable to monolayer adsorbate
coverage on the adsorbent surface Abdulrasaq and Basiru (2010), whereas
the Freundiich isotherm is an empirical model that considers heterogeneous
adsorption on the adsorbent surface Arunlertaree et al, (2007). The
linearized equations for the Langmuir and Freundlich isotherms are
expressed as (3) and (4), respectively.

Celqe = 1/bgy + Celgm......(3) logge=logks + 1/nlog Ce ....... 4)
Where C. = the adsorbate concentration at equilibrium (mg/L)

g, = the adsorption capacity at equilibrium (mg/g)

b = the adsorption equilibrium constant (L/mg) related to the apparent
energy of adsorption

gm = the maximum adsorption capacity of adsorbent (mg/g)

n = indicates the bond energies between metal ion and the adsorbent

ke = (mg/L) related to bond strength El-Ashtoukhy et al., (2008)

The linear plots of Langmuir and Freundlich equations representing Cr (VI)
and Pb (il) adsorption by water hyacinth leaves are illustrated in Figs. (8, 9,
10 and 11). The adsorption constants of Langmuir and Freundlich equations
and their correlation coefficients (Rz) are presented in Table (l). The value of
R? is a measure of the goodness-of-fit of experimental data on the isotherm
models. Results showed that the adsorption process by water hyacinth was
better represented b?l the Freundlich equation compared to Langmuir
isotherm, where the R” values were found to be 0.9926 and 0.9573 for Cr(Vi)
and to be 0.9911and 0.9439 , respectively . This indicated that the uptake of
Cr(V!) and Pb (Il) on water hyacinth were happened through heterogeneous
adsorption.

From Table (l), the ke constant of Freundlich isotherm, which
expresses the selective uptake of Cr(VI) and Pb(ll) and affinity of adsorbent
were 18.446 and 15.829 (mg/L), whereas the 1/n value was found to be
0.423 and 0.531 for Cr(VI) and Pb (Il), respectively. Generally, the value of
1/n that is related to the distribution of site bonding energies is ranging
between (0.2 — 0.7) (Kaewsomboon, 20086). If 1/n is higher than 1, it indicates
that the surface areas of adsorbent covered by the metal ions increase, and
the energies of adsorption will decrease (Kaewsomboon, 2006).

Table(l) : Langmuir and Freundlich isotherm constants for adsorption of
Cr(vil) and Pb(ll) ions onto water hyacinth leaves at constant
temperature 25°C

Metal Langmuir Isotherm Constant Freundlich Isotherm Constant
Omax{img/g) [ b(L/mg) R* ke (mg/L) 1/n R*
Chromium 26.25 0.012 0.9573 18.446 0.423 0.9926
Lead 37.45 0.022 0.9439 15.826 0.531 0.9911
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Fig. (8 and 9) : Langmuir Adsorption isotherm for Cr(Vi) and Pb(il) ions adsorption by water hyacir
at constant temperature and contact time 120 min.
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Fig. (10 and 11): Freundlich Adsorption Isotherm for Cr{V1) and Pb {11} ions adsorption by water
hyacinth at constant temperature and contact time 120 min.
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CONCLUSION

Water hyacinth leaves powder was found to be a very good
adsorbent for lead and hexavalent chromium. It has good sorption capacity
for both metals. The sorption capacity for hexavalent chromium was 15.0
mg/L. and for lead was 18.0 mg/L. The sorption process was dependent on
pH and the optimal pH value was 5 and 2 for lead and chromium,
respectively. Biosorption of metals was dependent on temperature. Optimal
temperature was 25 °C for chromium and lead. Main removal mechanism
was ion exchange between protons and metal cations in case of lead and
between metal anions and hydroxyl ions in case of hexavalent chromium.
This fact is indicated by the change of pH at the end of biosorption process.
Physical sorption and precipitation also contributed to removal of metals. The
biosorption process followed Langmuir and Freundlich models for both metals
which indicated that ion exchange took place in a monolayer at the surface of
adsorbent.

REFERENCES

Abdulrasag, 0.0. and O. G. Basiru (2010). “Removal of copper (Il) iron (liI)
and lead (I} ions from mono-component simulated waste effluent by
adsorption on coconut husk”, Academic Journals, 4: 382 - 387.

Agarwal A., (2013). "Removal of Cu and Pb from Aqueous Solution by using
Eggshell as an Adsorbent”. Int. J. Res. Chem. Environ. 3: 198 — 202.

Arunlertaree, C.;W. Kaewsomboon; A. Kumsopa; P. Pokethitiyook, and
P. Panyawathanakit, (2007). “Removal of lead from battery
manufacturing wastewater by eggshell’. Songklanakarin Journal of
Science and Technology, 29: 857-868.

Babel, S and T.A. Kurniawan (2003). Low-cost adsorbents for heavy metals
uptake from contaminated water; a review. J. Hazard. Mater. 97: 219-
243,

Bailey, S.E.; T.I. Olin; M. Bricka and D. Adrian (1999). A review of potentially
low-cost sorbents for heavy metals. Water Res. 33: 2469-2479.

Chong, KH., and B. Volesky {1995). Description of two metal biosorption
equitibria by Langmuir-type models, Biotechnol. Bioeng. 47: 451-460

Cimino, G.; P. Amedeo and T. Giovanni (2000). Removal of toxic cations and
Cr(V!) from aqueous solution by hazelnut shell. Water Research, 34:
2955-2962.

Coelho, T.C.; R. Laus; A.S. Mangrich; V.T. Favere and M.C.M. Laranjeira
(2007). Effect of heparin coating on epichlorohydrin cross-linked
chitosan microspheres on the adsorption of copper () ions. React
Funct Polm, 67: 468-475.

Demirbas, E.; K. Mehmet; S. Elif and O. Tuncay (2004). Adsorption kinetics
for the removal of chromium (VI) from aqueous solutions on the
activated carbon prepared from agricultural wastes. Water SA, 30: 533-
539.

985



Omar, T. M. Y. and A. M. El-Shinnawy

El-Ashtoukhy, E.S.Z.; N.K. Amin and O. Abdelwahab, (2008). “ Removal of
lead(ll) and copper (Il) from aqueous solution using pomegranate peel
as a new adsorbent”, Desalination, 223: 162-173.

Garg, U. K; M. P. Kaur; VK. Garg and D. Sud (2007). Removal of
hexavalent chromium from aqueous solution by agricultural waste
biomass. Hazard. Mater., 140: 60-68.

Kaewsomboon, W. (2006). “Removal of Lead from Battery Manufacturing
Wastewater by Eggshell’”, Master Thesis, Mahindo! University,
Thailand, 22: 111 - 121.

Karthikeyan, T.; S. Rajgopal; and L.R. Miranda (2005). Chromium adsorption
from aqueous solution by Hevea Brasilinesis sawdust activated carbon.
J. Hazard. Mater., B124: 192-199.

Kratochvil D. and B. volesky. (1998). Advances in the biosorption of heavy
metals. Trends in Biotechnology, 16: 291-300.

Laszlo, J.A., and F.R. Dintzis (1994). Crop residues as ion-exchange
materials. Treatment of soybean hull and sugar beet fiber (pulp) with
epichlorohydrin to improve cation-exchange capacity and physical
stability. J. App1. Polym. Sci. 52: 521-528.

Mohana D. and C. U. Pittman (2007). Arsenic Removal from
water/wastewater using Adsorbents- A Critical Review, 54: 105-111,

Mohanty K; M. Jha; M. N. Biswas and B. C. Meikap (2005). Removal of
Chromium (V1) from dilute aqueous solutions by activated carbon
developed from Terminalia arjuna nuts activated with zinc chloride.
Chemical Engineering Science, 60: 3049- 3059.

Mohanty, k.; M. Jha; B.C. Meikap and M.N. Biwas (2006). Biosorption of
chromium (V1) from aqueous solution by Eichhornia Crassipis. Chem.
Eng. J., 117: 71-77.

Nagarnaik, P.B.; A. G. Bhole and G. S. Natarajan, (2002). “ Arsenic (lil)
Removal by adsorption on rice husk carbon” The international of
Environmental Studies, 5:1097-1104.

Park,D.;Y-S. Yun; J.J. Hye and J.M. Park, (2006a). Biosorption process for
treatment of electro planting waste water containing Cr(VI)
Laboratory-Scale feasibility test. Industrial and Engineering Chemistry
Research, 45: 5059 - 5065.

Park, D.; Y.-S., Yun; S-R., LIM and J. M. Park (2006b). Kinetic analysis and
mathematical modeling of Cr(VIl) removal in a differential reactor
packed with ecklonia biomass. Journai of Microbiology and
Biotechnology, 16: 1720-1727.

Qaiser S. ;A.R., Saleemi and M.M. Ahmad, (2007). Heavy metal uptake by
agro based waste materials. Journal of Biotechnology. 10: 2225 - 2234.

Raji C. and T.S. Anirudhan (1997). Chromium (VI) adsorption by sawdust
carbon: kinetics and equilibrium. Indian Journal of Chemical
technology, 4: 228-236.

Rathnakumar S; R. Y. Sheeja; and T. Murugesan (2009). "Removal of
copper () from aqueous solutions using teak (Tectona grandis L.F)
leaves” , Internationa! Confrerence on Chemical Engineering and
Technology, August 26-28, Singapore.

986



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 4 (9}, September, 2013

Schneider, lvo A.H; R. Jorge and S. Ross (2001). Biosorption of metals onto
plant biomass: exchange adsorption or surface precipitation?
International Journal of Mineral Processing, 62: 111-120.

Sharma, Y.C. (2003). Cr (VI) removal from industrial effluents by adsorption
on an indigenous low-cost material. Colloids and Surfaces A;
Physicochemical and Engineering Aspects, 215: 155-162.

Volesky, B (2003). Sorption and Biosorption. Montreal-St. Lambert, Quebec,
Canada, BV Sorbex Inc., 316 p. ISBN 0-9732983-0-8.

Volesky, B. (2000). Biosorption of Heavy Metals. CRC Press, Florida.

Zhan, Y.B.; A. Shukla; S. Shukla and K.L. Dorris (2000). The removal of
heavy metal from aqueous solutions by sawdust adsorption-removal of
Copper. J. Hazard. Mater., 80: 33-42.

4eliall sball pa paba s SIS pulde ag Sl A Y dalaadd bl 5o
Apaliasd) BalaS Juil) 39 il (@) aladialy 45 glal

S SUAN daaa daalg pee g deaa (b

aa Bl = Aed 50 Esanll 58 e —cileY) g L3N i) S sad

DY) Alaad) UL 5 pded AlKSL JS5) sl 8N A0l 8 ALED aliall aal 5 )
2 Eh i Al LELA seall ol e LS jaliell all Y aadid A Aaall Ziawll
Aeliall Gl oo ga ALBY aliall A Y Lapd dge pladiad S5 48 53 5 sall olaatyl
D0 8eve Agpa K Gala b 5 WG b g S0 e Dygaadl jeall s dallee & Zua
Lo oy paleaadl Aend 4S8 520 o (Oicl) uadalh e ) 2np B il 355 S 3
AN A (Al e as S5 pebia B e B [ aaa Vo 0 gl aae VA el ey ebiaad))
oabaniYl dlae (3 Lgh 150 50 al An s caliy e KUY 5 aliall o o Al la g gl
By 3o p s SH paie A AV da M o s adl 5y JO6 paball aie 43U (s gl
4SulGa) W Jalall g S W ol oy el B Has B aTE e e s el da p
) VRN

Ouluig by e mlY Ge S8 A adl falianail & el alasiuly o YV Siliby Jias
el (a5 s B e el Analiacyl o gl pasiid o N Jea sl 05 a8
Jsloa w3 Jelue Sa Bl 255 @osl 5 p s paleal 5 oaie o il gl A )
Loy Basapall AN ol e Galsall 2 e 30 olially elod o o g peall 30508 L 0 5 ke
i 4l (A Glee lehnla Sy A8 oSl ol aafiy Lo al Gl e Lgalaanud salel oSa s
Al JSUEe agdiiy Lo livall AaifY1 e Radull 35 Ll oLl 8 52 ga gal) ALEW e

ol ansaly ald
stx?.‘L_;-«-sst\l_As sl Jgans ! [ A
el (e Aaala ~ Ao 3N 4 (ribas 3 geas 2l daaa [ 0.

987





