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Abstract 
Gmelina arborea leaves of tropical origin were modified with citric acid as esterifying agent and was used to 
selectively removed Pb(II) and Cu(II) ions from aqueous solution by batch adsorption method. The 
concentrations of the metal ions adsorbed were determined by atomic absorption spectroscopic (AAS) method. 
The citric acid had a strong significant effect on the removal of metal ions from solution because of an increase 
in the carboxyl groups introduced into the biosorbent. The amount of metal ions removed from solution was 
found to depend on the metal ion-substrate contact time, ion concentration and ion type.  The results indicated 
that after 90 minutes contact time, the amount of adsorbed metal ion increased with increase in the initial metal 
ion concentration up to 20 mg/cm3. This also varied with the cellulosic materials in the order Pb(II)>Cu(II). 
The acid modified Gmelina arborea leaves adsorbed more metal ions than when unmodified. The equlibruim 
data fitted well to the Freundlich adsorption isotherm. The Gmelina arborea leaves were better adsorbents of 
Pb(II)ion than Cu(II) ion.   
__________________________________________________________________________________________ 
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INTRODUCTION 
Environmental pollution with heavy metals has 
become a global phenomenon as a consequence of 
industrial and metallurgical process which introduce 
majority of  toxic chemicals into the environment 
(Lone et al., 2003; Faisal and Hasnain, 2004; Sadeghi 
et al., 2006; Igwe and Abia, 2006 and  Jimoh, 2010).  
  
The heavy metals of widespread concern to human 
health are lead, copper, mercury, cadmium, arsenic, 
chromium, as well as zinc (Lazarova et al., 2005). 
These are stable metals that cannot be destroyed or 
degraded in the environment and get passed up in the 
food chains to humans. At present, these toxic metals 
have polluted our atmosphere, our water, our soil and 
our food chain, and have been reported to be slightly 
toxic even at low concentration(Nedelkoska and 
Doran, 2000; Chehregani et al., 2005). For instance, 
exposure to Lead causes anaemia, disease of the liver 
and kidney, brain damage and ultimately death, 
while, prolonged inhalation of Cu(II) spray is claimed 
to cause an increase in the risk of lung cancer (Aydin 
et al., 2008). However, extensive research has been 
conducted on the discharge of metal ion contained in 
industrial effluents because of the presence and 
accumulation of toxic effects on living species. The 
recent Lead poisoning in Zamfara State, Nigeria 
between March and June, 2011 which claims 
thousands of lives clearly attests to the detrimental 

effect of this metal in environment (The Punch 
Newspaper, June 15, 2011). 
 
Some conventional methods used to remove heavy 
metals include chemical precipitation, ion exchange, 
electro dialysis, membrane separations, reverse 
osmosis, and solvent extraction (Feng   et al., 2000; 
Matlock et al., 2002; Mohammed et al., 2005). But 
these methods are often prohibitively costly, having 
inadequate efficiencies at low metal concentration. 
These constraints have caused the search for 
alternative methods that would be efficient for metal 
sequestering. Such a possibility offers a method that 
uses sorbents of biological origin for removal of 
heavy metals from aqueous solution based on metal 
binding capacities of various biological materials of 
little or no cost (Cimino et al., 2000; Babarinde and 
Oyedipe, 2001; Babarinde et al., 2002; Aksu, 2002; 
Abia et al., 2003; Annadurai, et al., 2003; Bansode, 
et al., 2003; Demirbas, 2003; Feng and Aldrich, 
2004; Ajmal et al., 2005 and Jimoh, 2010). Now 
attention have directed towards the use of modified 
agricultural waste and by-products for the removal of 
heavy metals from industrial effluent. Okuo and 
Oviawe, (2007)  demonstrated the use of cassava 
fiber modified with citric acid to selectively remove  
heavy metal ions from aqueous solution containing 
Pb2+, Cu2+ and Cd2+ ions.  In a recent work, Egila et 
al., (2010) showed that nitric acid modified 
Amaranthus hydridus L. stalk wastes could bind 
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substantial amount of Cobalt ion and that the amount 
of metal ion adsorbed per gram of the cellulose 
substrate increased with increased initial metal ion 
concentration.  
 
Gmelina arborea otherwise called White teak, locally 
known as Gamhar, is a fast growing deciduous tree. It 
is native to India and Burma, but is now planted in 
many tropical areas due to its good form and growth. 
It grows on different localities and prefers moist 
fertile valleys with an annual rainfall between 750 
and 4500mm and annual mean temperature of 25-
380C. It does not thrive on ill-drained soils and 
remains stunted on dry sandy or poor soils. The 
Gmelina arborea tree attains a moderate height up to 
30 m with girth of 1.2 to 4. Flowering takes place 
during February to April when the tree is more or less 
leafless whereas fruiting starts from May onwards up 
to June (Ogbonnaya et al., 1992). Gmelina arborea 
leaves however, littering the environment are thus 
gathered and used as biomaterial in this study.  
    
Several researchers were able to show that chemical 
modification improved metal ion binding capacity of 
the substrate and that it increased the metal ion 
uptake rate. It was even suggested that the 
modification process involved the reduction of the 
molecular size of the substrate molecules through 
hydrolysis and the introduction of the carboxyl group 
on the substrate.  
 
The objective of this study was to compare the 
adsorptive capability of citric acid modified and 
unmodified Gmelina arborea leaves for the removal 
of Lead and Copper ions from aqueous solution.  
 
MATERIALS AND METHODS 
Sample Collection 
The Gmelina arborea leaves were collected from 
different spots in Federal University of Technology, 
Minna, Bosso campus. A composite sample of the 
collected leaves were made and representative 
samples were taken for sorption studies.  
 
Sample Pretreatment 
The waste leaves were rinsed with deionised water to 
remove sand debris and sun-dried for about seven 
days and ground to fine powder by mortar and pestle. 
The sample was then sieved through a 300 µm mesh 
size. The sample was divided into two parts and a 
part of it was modified using citric acid.  The 
modification process was done by adding 30cm3 of 
0.5 mg L-1 solution of citric acid into the sample and 
was stirred until the acid mixes properly with the 
sample to form slurry, it was then kept for about an 
hour and then dried in the oven 600C.  
 
 Preparation of Aqueous Solution 
The aqueous solution containing cobalt was prepared 
from Cu (NO3)2 .3H2O and Pb (NO3)2. A 1000 mg L-1  

stock solution of the salts was prepared. Other 
concentrations (5, 10, 20, 30, 40 and 50 mg L-1 ) were 
obtained from this stock solution by serial dilution. 
 
SORPTION EXPERIMENT 
The Effect of Contact Time 
The effect of contact time was studied using an initial 
concentration of 5 mg L-1. The time intervals chosen 
for this experiment were 30, 60, 90, 120, and 150 
minutes. 
Procedure 
0.5g of modified and unmodified sample was 
separately mixed with 20cm3 solution of initial 
concentration 5 mg L-1. the mixture was shaken 
constantly in a shaker at 420rpm speed for the time 
period of 30, 60, 90, 120, and 150 minutes each. At 
the end of each contact time, the mixture was filtered 
and the concentration of the filtrate was determined 
using FAAS, model Pye Unicam SP-9 Cambridge, 
UK. 
 
The Effect of Initial Metal Ions Concentration 
The effect of initial metal ion concentration on 
adsorption was studied as well at equilibrium time of 
90minutes and varying the concentration from 10, 15, 
20, 25 and 30 mg L-1.  
Procedure 
0.5g of modified and unmodified sample each were 
separately mixed with 20cm3 solution of initial 
concentration of 10, 10, 15, 20 25 and 30 mg L-1. The 
mixture were shaken constantly using a rotary shaker 
at 420 rpm for 90 minutes for both Cu (II) and Pb (II) 
ions. At the end of the 90 minutes, the mixture was 
filtered and the concentration determined using the 
Flame Atomic Absorption spectrophotometer (AAS). 
The difference between the initial concentration and 
the final concentration was recorded as the amount 
adsorbed for each concentration.  
 
RESULTS 
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Figure 1: Effect of variation of contact on the 
adsorption of Copper(II) ion on modified and 
unmodified  sample.  The contact  time was 
established at 90 minutes for both modified and 
unmodified sample 
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Figure 2: Effect of variation of contact on the 
adsorption of  Lead(II) ion on modified and 
unmodified  sample. The contact  time was 
established at 90 minutes for both modified and 
unmodified sample  
 

 
Figure 3:The effect of varying Lead(II) ion 
concentration on the adsorption of modified sample 
at 330C for 90minutes. There was an increase in the 
amount of metal ions sorbed as the concentration 
increases from 10  to 30 ( mg/20ml) 
 

 
Figure 4: The effect of varying  Copper(II) ion 
concentration on the adsorption of modified sample 
at 330C for 90minutes. There was an increase in the 
amount of metal ions sorbed as the concentration 
increases from 10  to 30 ( mg/20ml). 

 
Figure 5: The effect of varying  Lead(II) ion 
concentration on the adsorption of unmodified 
sample at 330C for 90minutes. There was an increase 
in the amount of metal ions sorbed as the 
concentration increases from 10  to 30 ( mg/20ml). 
 

 
Figure 6: The effect of varying  Copper(II) ion 
concentration on the adsorption of unmodified 
sample at 330C for 90minutes. There was an increase 
in the amount of metal ions sorbed as the 
concentration increases from 10  to 30 ( mg/20ml). 
 

 
Figure 7: Freundlich adsorption isotherm plot of 
modified substrate on adsorption of Lead(II)ion 
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Figure 8: Freundlich adsorption isotherm plot of 
modified substrate on adsorption of Copper(II)ion 
 

 
Figure 9: Freundlich adsorption isotherm plot of 
unmodified substrate on adsorption of Lead(II)ion 
 

 
Figure 10: Freundlich adsorption isotherm plot of 
unmodified substrate on adsorption of Copper(II)ion 
 
 
 
 

DISCUSSION 
Effect of Contact Time on Adsorption 
The results for the effect of contact time on 
adsorption of Pb(II) and Cu(II) ion as shown in 
Figure 1 to 2. The results shows that for an initial 
metal ion concentration of 5 mg L-1  for Pb(II) and 
Cu(II) ions,  there was a progressive increase in the 
amount of metal ions bound as the contact time 
increased for both modified and unmodified 
substrate.  After the contact time of 90minutes, as the 
time increased further, the amount adsorbed reduces. 
This means that equilibrium was reached at 90 
minutes, and the adsorption sites became saturated to 
maximum uptake capacity. Similar results have been 
reported in literature for the removal of Pb (II) and 
Cu(II) ions from aqueous solution by plant leaves  
(Saeed et al., 2005), Neem leaves (Oboh et al., 2009),  
water leaves (Oyebamiji et al., 2009).  
 
This study also showed that Gmelina arborea leaves 
was more efficient adsorbent for the removal of Pb 
(II) ions than Cu (II) ions, according to the results 
shown in figure 1 and 2, although they both reached 
equilibrium at the same contact time of 90 minutes, 
the amount of Pb (II) ions bound was more at every 
given contact time and even at their equilibrium. This 
is because ions with smaller sizes are heavily 
hydrated and make the size larger and bulkier than 
the less hydrated like Pb (II) ion. This will 
significantly enhance their chances of being adsorbed 
to the reactive sites present in the adsorbents because 
the heavily hydrated ions migrate slowly in aqueous 
solutions. This might be the reason why more of Pb 
(II) ion was able to adsorbed than Cu (II) ion. 
 
Furthermore, a comparison of the Figures 1 to 2 
shows clearly that Figure 2 gave better result than 
Figure 1, this probably means that the citric acid 
modified substrate could removed more of Pb (II) ion 
than Cu (II) ion. Also, the modified substrate was 
able to adsorbed more  than the unmodified substrate. 
This was because the citric acid donated proton and 
made the adsorbent surface become protonated and 
upon contact with the metal ions, it adsorbed more 
rapidly. Thus, acid modification increases the binding 
capability of the substrate to the metal ion on 
adsorption. 
 
 Effect of Initial Metal Ion Concentration on the 
Adsorption 
The variation in the amount of metal ion on to the 
Gmelina arborea leaves with increasing initial metal 
ion concentration is illustrated in Figures 3 to 6. The 
result showed that the sorption capacity increased 
with increase in metal ion concentration for both 
modified and unmodified sample. Although modified 
substrates was able to bind more Pb(II) and Cu(II) 
ion than unmodified. This is as a result of the 
incorporation of carboxyl group by the citric acid on 
the adsorbent surface which enhances the binding 
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ability of the sorbent and as such increasing the 
number of binding sites. This phenomenon had been 
reported  by several authors(Abia et al., 2003; 
Annadurai, et al., 2003; Bansode, et al., 2003; 
Demirbas, 2003; Feng and Aldrich, 2004; Ajmal et 
al., 2005 and Jimoh, 2010). This observation could 
also be explained in terms of progressive increase in 
the columbic interaction between the cationic species 
in water and the adsorbent sites. Moreover, more 
adsorption sites were being covered as the metal ions 
concentration increases. Besides, higher initial 
concentrations lead to an increase in the affinity of 
the metal ions towards the active sites and so at low 
concentrations, adsorption sites took up the available 
metal more quickly (Saifuddin et al., 2005).  Hence 
any further increase in the concentration of the metal 
ion will consequently lead to decrease in amount 
sorbed .The plausible reason for this might be 
attributed to the fact the adsorption sites of the 
adsorbent get saturated once it exhausts its binding 
capability. Similar results were observed by Han et 
al., (2005) and Oboh et al., (2009) who had 
independently reported the adsorption of copper (II) 
and lead (II) on chaff and Neem leaves from aqueous 
solution respectively. 
 
Table 1: Freundlich isotherm constants for the 
adsorbent on Lead(II) and Copper(II) adsorption 

 
Adsorption Isotherm 
The Freundlich isotherm coefficients were 
determined by plotting Log Qe against Log C and the 
results are shown in Table 1.  The Freundlich model 
is used to estimate the adsorption intensity of the 
sorbent towards the adsorbate. The constants Kf and 
1/n indicate the adsorption capacity and the 
adsorption intensity. The linearity of the plot showed 
the representative nature of adsorption on the 
adsorbents tested. The correlation regression 
coefficient R2 from the graphs showed that Lead (II) 
and Copper (II) ions adsorption was favorable. The 
values obtained were comparable to values of 
obtained from the previous studies on other 
adsorbents (Igwe et al., 2005; Kurniawan, 2008). The 

values of R2 and Kf from the plot indicates that 
adsorption was favorable. The value of 1/n which is 
less than 1 indicates that the metal ions are 
favourably adsorbed by the Gmelina arborea leaves. 
A value of 1/n < 1 indicates better adsorption 
mechanism and formation of relatively stronger bond 
between adsorbate and adsorbent (Patil et al., 2006; 
Jimoh, 2010). This shows that Gmelina arborea 
leaves are better adsorbent for the metal ions. 
 
CONCLUSION 
The experiments showed that the adsorption process 
using Gmelina arborea leaves was dependent on both 
contact time and initial metal ion concentration. It 
was observed that the optimum binding of Cu (II) and 
Pb (II) ion to the powdered leaves occurred at a 
contact time of 90minutes.   It was also observed that  
acid modified Gmelina arborea bind more metal ion 
than the unmodified adsorbent at every given time, 
and this attribute to the fact that citric acid  increases 
its sorption capacities. The equilibrium data for both 
Cu(II) and Pb (II) metal ions fitted well into the 
Freundlich adsorption isotherm, and the linearity of 
the plot tested the representative nature of adsorption 
on the adsorbent, and the correlation regression co-
efficient showed that Cu(II) and Pb (II) ion 
adsorption was favorable using Gmelina arborea 
leaves 
 
ACKNOWLEDGMENT 
The researchers acknowledged the Head of 
Department and Technical staff of Chemistry 
Department, Federal University of Technology, 
Minna, Nigeria for all their support. 
 
REFERENCES 
Aydin A, Bulut Y, Yerlikaya C (2008). Removal of 
Cu(II) from aqueous solution by adsorption onto low-
cost adsorbents. J. Environ. Manage. 87: 37-45. 
 
Abia AA, Horsfall  JrM,   Didi O (2003). The use of 
chemically modified   and unmodified  cassava 
waste for the removal of Cd, Cu, and Zn ions from 
aqueous solution. Bio resource Technol. 90(3): 345-
348 
 
Ajmal  M, Roa RAK., Anwar S., Ahmad  J, Ahmad  
R (2003). Adsorption studies of on rice husk: 
removal and recovery of Cd (ii) from waste water. 
Bioresource Technol. 86: 147-149.  
 
Aksu Z. (2002). Determination of the equilibrium, 
Kinetic and thermodynamic parameters of the batch 
biosorption of Nickel (II) ion. Process Biochem. 
38(1): 89-149 
 
Aksu Z, Isoglu IA (2005). Removal of copper (II) 
ions from aqueous solution by biosorption onto 
agricultural waste sugar beet pulp, Process Biochem. 
40, 3031-3044. 

Adsorbent 
/metal in 
solution 

Equation of 
graph 

Ke  1/n N R2 

Modified 
Gmelina 
arborea 
/Pb(II)  

Y=0.871x+0
.368 

2.333 0.871 1.148 0.946 

Modified 
Gmelina 
arborea/Cu(
II) 

Y=0.495x+0
.599 

3.971 0.495 2.020 0.741 

Gmelina 
arborea 
/Pb(II) 
unmodified 

Y=0.604x+0
.630 

4.266 0.604 1.656 0.858 

Gmelina 
arborea/Cu(
II) 
unmodified  

Y=0.371x+0
.714 

5.176 0.371 2.695 0.830 



 
Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 2 (5): 734-740  (ISSN: 2141-7016)  

739 

 

Ahalya N, Ramachandra TV,   Kanamadi  RD (2003). 
Biosorption of heavy metals. Research Journal of 
Chemistry and Environment, 7:71-78. 
 
Annadurai  G, Juang  RS, Lee DJ.(2002).Adsorption 
of heavy metals from water using     banana and 
orange peels. Water Sci-Technol. 47(1): 185-190. 
 
Babarinde NAA, Oyedipo RA (2001). Adsorption 
characteristics of Zinc (II) and Cadmium (II) by 
coconut husk and goat Hair. Afr. J. Environ. 
Sci.Technology, 2(1): 85-88. 
 
Babarinde NAA, Ogunbajo O. O, Babalola JO. 
(2002). Effect of perming the human scalp hair on its 
sorption of metal ions. Africa Journal Environ. Sci 
Technology, 2(1&2): 200- 202  
 
Babel S, Kurniawan TA, (2003). Low cost adsorbents 
for heavy meal uptake from contaminated water. A 
review Journal of Hazardous Materials, B97: 219-
243. 
 
Bansode  R R, Losso  JN., Marshal WE., Rao RM,  
Portier RJ (2003). Adsorption of heavy metal ions by 
pecan shell-based granular activated carbons, 
Bioresource Technology, 89(2): 115-119. 
 
Basci N, Kocadaggistan E, Kocadagistan B (2004) 
Biosorption of copper (II) from aqueous solutions by 
wheat shell, Desalination, 164(2):135-140  
 
Chehregani AB, Malayeri, G and Golmohammadi R 
(2004). Effect of heavy metals on the developmental 
stages of ovules and embryonic sac in Euphorbia 
cheirandenia.Pakistan Journal of Biological Sciences 
8:622-5 
 
Chubar N, Carlvaho JR, Correla N (2004) Heavy 
metals of cork biosorption of cork  biomass: effect of 
the pretreatment, Coll Surf A: Physicochemical 
Engineering Asp, 238: 51-58 
 
Cimino G, Passerini A., Toscana G (2000). Removal 
of toxic cations and Cr (VI) from aqueous solution by 
hazelnut shell. Water Resources: 34: 2955-2962. 
 
Demirbas E. (2003). Adsorption of Cobalt (ii) from 
aqueous solution onto activated carbon  prepared 
from hazelnut shell. Adsorption Science and 
Technology, 21: 951-963. 
 
Egila JN., Dauda BEN, Jimoh T. (2010).  Biosorptive 
removal of cobalt (II) ions from aqueous solution by 
Amaranthus hydridus L. stalk wastes. African Journal 
of Biotechnology,   9(48): 8192-8198 
 
Faisal M, Hasnain S. (2004). Microbia conversion of 
Cr(VI) into Cr(III) in industrial effluent. African 
Journal of  Biotechnology 3: 610-7 

Feng D, Aldrich C., Tan H (2000). Treatment of acid 
mine water by use of heavy metal  precipitation and 
ion exchange. Mineral Engineering, 13(6): 623-642.  
 
Feng D, Aldrich C (2004). Adsorption of heavy 
metals by bio materials derived from marine algea 
Ecklonia maxima. Hydrometallurgy, 73(1-2): 1-10. 
 
Han R, Zhang J., Zou  W., Xiao H., Shi, J,   Liu, H  
(2005). Biosorption of copper (II) and lead (II) from 
aqueous solution by chaff in a fixed-bed column. 
Journal of Hazardous Materials, 133, 262-268. 
 
Igwe J.C, Abia A. A. (2006). A bio-seperation 
process for removing heavy from waste using 
biosorbents African Journal of  Biotechnology,  5: 
1167-79 
 
Igwe JC, Ogunewe DN.  Abia AA. (2005). 
Competitive Adsorption of Zn (II), Cd (II)  and Pb 
(II) ions from Aqueous and Non-aqueous Solution 
Maize Cob Husk. Africa Journal of Biotechnology 
4(10):1113-1114. 
 
Jimoh T (2010). Pre-concentration and Removal of 
Heavy Metals from Aqueous Solution by African 
Spinach(Amaranthus hybridus L) stalk and Pawpaw 
(Carica papaya) seeds (Unpublished Masters thesis 
submitted to Postgraduate School, Federal University 
of Technology, Minna, Nigeria for the Award of 
Master of Technology in Analytical Chemistry). 
 
Kurniawan TA (2008). Removal of recalcitrant 
contaminants from stabilized landfill leachate by a 
combination of advanced oxidation processes (AOP) 
and granular activated carbon (GAC) adsorption, 
PhD dissertation. 
 
Lazarova V, Bouwer H, Bahri A. (2005). Water 
quality consideration. Water reuse for irrigation  31-
36  
 
Lone MI, Saleem S., Mahmood T, Saifullah K., 
Hussain. (2003). Heavy metal contents of vegetables 
irrigated by sewage/tubewell water. International 
Journal of Agriculture and  Biology, 533-5 
 
Martlock MM, Howerton B., Atwood DA. (2002). 
Chemical precipitation of heavy metals from acid 
mine drainage. Water Resources 36(19): 4757-4764. 
 
Meunier N, Laroulandie J., Blais, F, Tyagi RD 
(2003). Cocoa shells for heavy metals removal from 
acidic solutions. Bioresources Technology 75:163-
165.   
 
Mohammadi T, Moheb A., Sadrzadeh M., Razmi A. 
(2005). Modeling of metal ion removal waste water 
by electrodialysis. Separation and Puriffication 
Technology, 41(1): 73-82. 



 
Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 2 (5): 734-740  (ISSN: 2141-7016)  

740 

 

Nedelkoska TV, Doran, P M (2000). Characteristics 
of heavy metal uptake by plant species with  potential 
for phytoremedation and phytomining. Mineral 
Engineering. 13: 5549-61 
 
Oboh I, Aluyor E, Thomas A. (2009). Biosorption of 
heavy metal ions from aqueous solution using a 
biomaterial. Leonardo Journal of Sciences, 14: 58-65. 
 
Ogbonnaya CI, Nwalozie  MC, Nwaigbo LC. (1992). 
Growth and Wood Properties of Gmelina arborea 
(Verbenaceae) Seedlings growth under five soil 
moisture regimes. American Journal of Botany, 
79(2): 128 
 
Okuo MJ, Oviawe  A. P. (2007). Selective sorption of 
mixed Heavy Metal ions using Cassava fiber 
modified with Citric acid. Journal of Chemical 
Society of Nigeria, 32(2):247-253 
 
Oyebamiji BJ, Adesola N. A., Babarinde OAP, 
Vincent OO (2009). Kinetic equilibrium and 
thermodyamics studies of Cd(II) and Pb(II) from 
aqueous solutions by Tallinium triangulare (water 
leaf). The Pacific Journal of Science and Technology. 
10(1): 428-436. 
 
The Punch Newspaper: Lead Poisoning in Zamfara, 
June 15, 2011. 
 
Sadeghi  A, Nouri  J., Mohammad  M., Babaie AA., 
Mohsenzadeh, F.(2006). Nitrite and nitrate in the 
municipal drinking water distribution system. 
International Journal of  Agriculture and Biology, 
8: 706-7 
 
Saeed A, Akhtar MW, Iqbal  M. (2005). Removal 
and recovery of heavy metals from aqueous solution 
using papaya wood as a new biosorbent, Separate 
Purific Technology 45: 25-31. 
 
Saeed A, Iqbal M,  Akhtar MW (2005). Removal and 
recovery of lead (ii) from single and multimetal (Cd, 
Cu, Ni, Zn) solutions by crop milling waste (black 
gram husk), Journal of Hazardous Material,   117 (1): 
65-73. 
 
Saifuddin M, Nomanb H., Kumaran P. (2005). 
Removal of heavy metals from industrial waste water 
using chitosan coated oil palm shell charcoal. 
Electronic Journal of Biotechnology, 8(1): 20-30 
  
Patil  S, Bhole  A,  Natrajan G. (2006). Scavenging of 
Ni(II) Metal Ions by Adsorption on PAC and Babhul 
Bark. Journal of Enviroment Science and 
Engineering. 48 (3), 203-208. 







