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Comparison of Adsorption Characteristics of
Waste Biomass Materials for the Removal of

Pb ions from Industrial Effluents
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Abstract: Adsorption of lead ions from aqueous solutions onto various waste biomass materials was
studied. Coir pith, saw dust, rice husk, rice bran and tea waste were tested for Pb ion adsorption to
enable comparison with alternative commonly used adsorbent granular activated carbon. Batch
experiments were conducted to determine the adsorption capacities and kinetics of the process. All the
waste biomass materials tested were capable of binding appreciable amounts of Pb ions from aqueous
solutions. Adsorption capacities were in the order, coir pith> tea waste> activated carbon> rice bran>
saw dust> rice husk. The equilibrium data were satisfactorily fitted to Langmuir and Freundlich
isotherms. Langmuir monolayer adsorption capacities for coir pith, tea waste and granular activated
carbon were 72, 65 and 28 mg/g respectively. Kinetic studies revealed that Pb uptake was fast with 90%
or more of the adsorption occurring within first 15 to 20 min of contact time. The kinetic data fits to
pseudo second order model with regression coefficients greater than 0.99. Fixed bed column
experiments were performed to study practical applicability and breakthrough curves were obtained.
Column operations showed lower adsorption capacities than the batch operation. Amount of Pb
adsorbed in the column operations were 46, 41 and 19 mg/g for tea waste, coir pith and granular
activated carbon respectively.
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1. Introduction

Heavy metals are continuously released into the
water streams from industrial processes. Lead,
finds extensive applications in day-to-day
commodities like batteries, paints, ceramics,
soldering etc. It is an essential component for
production of many other highly technical
products. Water streams get contaminated with
lead, due to inappropriate waste disposal
practices. Lead is a very toxic element even at
low concentrations. It affects the central nervous
system, kidneys, gastrointestinal system etc [1-
4]. Due to the increased awareness about
environmental and health aspects many
countries have imposed stringent
environmental laws and treatment of the
effluent streams has got exceptionally great
importance nowadays [5].

There are various established methods for the
removal of heavy metals [1]. Generally, the
techniques employed include reduction and
precipitation, coagulation, flotation, adsorption
on activated carbon, ion-exchange and
membrane filtration processes. Precipitation
followed by coagulation has been extensively
employed for the removal of heavy metals from

water. However, this process usually produces
large volumes of sludge consisting small
amounts of heavy metals. Membrane filtration is
a proven way to remove metal ions but its high
cost limits the use in practice. Activated carbon
has been tested for heavy metal ion removal by
many workers [6-10]. Alternative methods like
adsorption on agricultural waste have been
employed by many researchers [11-31]. Plant
residuals which are mainly comprise of cellulose
materials can adsorb heavy metal cations in
aqueous medium. Adsorption of heavy metal
ions occurs as a result of physicochemical
interaction, mainly ion exchange or complex
formation between metal ions and the
functional groups present on the cell surface [4,
19, 26, 28, 32, 33, 34, 35]. Adsorption capacities
and kinetics depend on the operating conditions
such as solution pH, particle size, metal
concentration and adsorbent dose and the
pretreatments given to the waste material [12-
16, 24, 25]. The surface properties of the waste
biomass can be improved by various thermal
and chemical treatments given to the adsorbent
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prior to adsorption [13-17, 21, 22, 24, 25]. 
However, this may incur cost and also lead to 
addition of other chemicals to the water. 
Literature shows that waste biomass materials 
have good adsorption capacities for other metal 
ions such as Ni, Cd, Cr, Cu and Zn [ 6, 7, 12, 21, 
29]. 

This work investigates and compares the 
potential of commonly available waste biomass 
materials in Sri Lanka in removal of lead ions 
from aqueous solutions. Coir pith, rice husk, rice 
bran, saw dust and tea waste were used as waste 
biomass materials. The adsorption 
characteristics of waste biomass materials were 
compared with that of commonly used 
adsorbent granular activated carbon. Batch 
experiments and fixed bed column tests were 
conducted to determine adsorption kinetics, 
equilibrium data and the adsorption capacities. 

2. Materials and Methods 

2.1. Preparation of the adsorbent 

Rice husk (RH), rice bran (RB), saw dust (SD) 
and coir pith (CP) were obtained from Sri 
Lankan mills. Tea waste (TW) was obtained 
from Sri Lankan black tea. Soluble and coloured 
components were removed from the bio mass by 
washing with hot water at 80 (C. This was 
repeated until the water was virtually 
colourless. The bio mass were then washed with 
distilled water and were oven dried for 12 hrs at 
85 (C. The dried materials were sieved and 
stored in sealed polythene bags. The fraction 
between 350-850 (m was used for all the 
experiments. Coconut shell based Granular 
Activated Carbon (GAC) provided by Haycarb 
Ltd, Sri Lanka was used as a benchmark 
absorbent for comparison with bio mass. The 
GAC was used at the original size, 1298 (m, 
without any size reduction. 

2.2. Synthetic waste water preparation 

Synthetic wastewater solutions were prepared 
by dissolving analytical grade Pb(N03) in 
distilled water to obtain 1000 mg of metal/L 
solutions. The solution was diluted to the 
required concentration for experiments. Our 
previous work and other work reported in 
literature on adsorption of heavy metal ions [18, 
20, 27, 34, 36] have shown that biomass 

materials posses highest adsorption above pH 5. 
The pH of the solution was measured and 
observed as 5.5(0.5 and no chemicals were 
added to change pH. 

2.3. Adsorption tests 

Batch adsorption tests were conducted by 
mixing known weight of adsorbent and solution 
of known metal-ion concentration. The mixture 
was shaken in a mechanical shaker and samples 
of solution were withdrawn from the bottle at 
known time intervals and analyzed for the metal 
ion using atomic absorption spectrophotometer. 

Fixed bed column adsorption experiments were 
conducted in a small 3 cm diameter glass column. 
The column was filled with a known weight of 
adsorbent to obtain the required bed height. The 
metal ion solution containing 100 mg/L of Pb 
was fed to the column at a constant flow rate 
through the bed using a peristaltic pump. The 
solution leaving the bottom of the column was 
collected at various time intervals and the 
samples were analyzed for lead. The solution pH 
was at 5.5±0.5 and all the experiments were 
conducted at room temperature 22±2 "C. 

The batch and column adsorption experiments 
were performed in duplicate to observe the 
reproducibility and the mean value was used for 
each set of values. 

2.4. Metal analysis and adsorbent 
characterization 

Atomic absorption spectrophotometer with an air­ 
acetylene flame and hollow cathode lamps for Pb 
was used for metal ion analysis. The absorbance of 
the samples was read in triplicate. True and bulk 
densities of adsorbents were also determined 
using the specific gravity bottle method. The 
particle size was measured 'by sieve analysis. The 
surface area and pore size of selected adsorbents 
(tea waste, coir pith and activated carbon) were 
measured using BET surface area analyzer 
(Micromeritics, Tri star 3000). 

3. Results and Discussion 

Physical properties of adsorbents determined as 
described above are listed in Table 1. 

The metal ion concentrations obtained for batch 
experiments were converted to percentage of 
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Property Tea waste CP GAC RH RB SD 
mean diameter (µm) 600 513 1298 593 465 580 
Surface area (m2 I g) 0.79 1.56 683.14 - - - 
Pore size (nm) 1.92 4.52 2.28 - - - 
Bulk density (kg/ m3) 206 116 470 205 193 134 
True density (kg/m3) 1106 799 1755 1025 963 668 
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Figure 1: Comparison of adsorption capacities of 
Pb onto various adsorbents: 0.5 g of adsorbent 
mixed with 100 ml of 100 ppm solution at 22 °C. 
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Figure 2: Percentage of Pb adsorption as a function of 
time for various adsorbents, 1 g of adsorbent mixed 

with 200 ml of 100 ppm solution at 22 °c. 
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Table 2: Second order kinetic parameters for adsorption of Pb onto various adsorbents. 
(100 ppm, 5 g of adsorbent JL, 22 °q 

Adsorbent Amount adsorbed Amount adsorbed Initial Rate constant R2 
predicted - qpre (mg/g) Experimental adsorption rate-h -k2 (g mg-1 min-1) 

-qexp [mg/g] (mg g-1 min-1) 

Rice husk 7.26 7.19 10 0.1811 1 
saw dust 8.93 8.76 6 0.0754 0.9999 
coir pith 20.08 19.95 35 0.0861 1 
Rice bran 10.79 10.63 10 0.0853 0.9999 
Tea waste 20.28 19.81 12 0.0284 0.9998 
GAC 14.79 14.4 4 0.0172 0.9974 

Table 1: Physical properties of adsorbents 

3.1. Adsorption capacities 

Fig. 1 shows the amount of metal ions adsorbed per 
unit weight of adsorbent (q), coir pith and tea waste 
showed highest adsorption capacities (20 mg/ g) 
whereas rice husk showed the lowest 5.75 mg/ g. 
Despite the high surface area GAC showed 14.4 mg/ 
g adsorption. Biomass materials are mainly 
comprised of cellulose materials that can adsorb 
heavy metal cations in aqueous medium. Adsorption 
of lead cations occurs as a result of physicochernical 
interaction, mainly ion exchange or complex 
formation between metal ions and the functional 
groups present on the cell surface. Therefore the 
adsorption capacity depends on the type of 
functional groups available on the biomass material. 

metal ion removed and amount of metal 
adsorbed per unit weight of adsorbent. Errors 
due to filtration were corrected using a 
calibrated curve obtained by filtering solutions 
of known concentrations through the filter 
paper and analyzing the solution for Pb 
concentration. The results thus obtained are 
presented and discussed in this section. 

Fig. 2 compares the percentage removal of Pb as 
a function of time for all adsorbents tested. The 
experimental results show rapid initial 
adsorption followed by a slower rate. Initially, 
the adsorption sites are open and the metal ions 
interacts easily with the site and hence a higher 
rate of adsorption is observed. Further, the 
driving force for adsorption -the concentration 
difference between the bulk solution and the 

' solid-liquid interface- is higher initially and this 
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The corresponding second-order kinetic 
parameters, and correlation coefficients, thus 
obtained are shown in Table 2. Experimentally 
determined sorption capacities shown in the 3rd 
column of the Table 2 are in agreement with the 
equilibrium sorption capacities q, determined 
using second order model. Coir pith showed the 
highest initial adsorption rate and GAC showed 
the lowest. Highest rate constant was observed for 
RH despite the adsorption capacity was lowest. 

Where Is is the second-order rate constant. The 
initial adsorption rate (h) is equal to klle and kg} 
(mg s-' min-1) for first- and second-order 
models, respectively. 

These models were used to analyze the nature of 
the adsorption kinetics for Pb on adsorbents. 
Specifically, the results obtained for adsorption 
of Pb onto CP, RH, RB, SD, TW and GAC were 
fitted to both Eq. 2 (pseudo-first order) and Eq. 4 
(second order). The results showed that the 
second-order model, given by Eq. 4. provides 
better correlation than pseudo-first-order model 
as shown in Fig. 3. 

(1) 

(2) 

Alternatively, the second-order model is 
expressed as: 

Where q is the capacity at time (t), q• is the 
equilibrium capacity, and k, is the pseudo-first­ 
order adsorptive rate constant. 

3.2. Adsorption kinetics 

Adsorption kinetics controls the solute uptake 
rate which, in turn, controls the length of the 
mass transfer zone within a contactor, and 
(indirectly) affects the size of the adsorption 
equipment. Several adsorption kinetic models 
have been developed, and widely used, to 
describe adsorption kinetics [8, 10, 37, 38, 39, 40]. 
The Lagergren pseudo-first-order model can be 
expressed as: 

Table 3· Isotherms for Pb adsorption onto CP. TW and GAC at 22 (C. 

Table 4: Langmuir constants (qo) reported in 
literature for adsorption of Pb onto various types of 
waste biomass without any chemical or thermal 
treatment. 

I 

Adsorbent Freundlich Isotherm Langmuir Isotherm 
Equation (6) R2 Equation (5)_ R2 

q. = 15.03C�·3845 1 1 1 
0.9842 Coir pith 0.8943 -=--+- 

q, 12.75C, 71.9 

= 9 65Co.Jsss 0.9614 I I I 0.9579 Tea waste -=--+- qe · e s, 3.23C, 65.4 

= 3 54Co.4605 I 1 1 
0.8623 GAC 0.9266 -=--+- qe · e q, !.94C, 27.8 

Adsorbent qo (mglg) Ref 

Saw Dust 3 Shukla [19] 
Rice Husk 11 Chuah [12] 
Peach Stone 0.0023 Rashed [ 42] 
Apricot Stone 0.0013 
Cocoa Shells 33 Meunier [ 35 ] 
Tree Leaves 21 Baig [22 ] 
Tree Barks 21 Martin Dupoint [23 ] 
Wheat bran 64 Farajzadeh [ 43 ] 

Sago Waste 47 Quek [ 44] 
Coir pith 72 
Tea waste 65 This work 
GAC 28 
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Figure 3: Pseudo-second order kinetics of Pb onto 
various adsorbents at 22 °C. 
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T 

BC = G f ( Co - C) dt 
0 

N, the number of bed volumes is given by 

Where G is the solution rate in L/min, C0 and C 
are the inlet metal ion concentration and outlet 
metal ion concentration in mg/L at time t 
respectively. T is the actual time required for full 
bed exhaustion, Vis the bed volume. 

Adsorption capacities in the column operations 
determined by equationf/), were 46, 41 and 19 
mg/ g for tea, coir pith and granular activated 
carbon respectively. These values can be 
compared with the Langmuir and Freundlich 
model predictions based on batch experiments. 
The results are tabulated in the Table 5. 
Adsorption capacities in column were 

3.4. Fixed bed adsorption 

Fixed bed columns are widely used in practice 
for adsorption. Column experiments were 
conducted to understand the adsorption 
behavior in fixed bed columns and to determine 
deviation from batch operations. 

The area above the breakthrough curve is a 
measure of the bed capacity (BC) and is given by 
[45]. 

Breakthrough curves (Outlet Pb concentration 
vs amount of solution passed through the bed, 
expressed as number of bed volumes, N) for Pb 
adsorption onto tea waste, coir pith and GAC 
from solutions of concentration 100 mg/Lare 
shown in Fig. 5. Typical 'S shaped curves were 
obtained for all experiments. However, results 
show that when the concentration of the 
solution leaving the column reaches 85-95 mg/L 
the concentration changes very slowly and 
hence the full bed exhaustion is achieved at 
almost infinite time. 

If the adsorption is infinitely rapid an ideal 
breakthrough curve will be a step change. 
Therefore the sharper the breakthrough curve 
the faster the adsorption rate. The results show 
that adsorption onto Coir pith and Tea waste are 
faster compared to that of GAC. Theses results 
are in agreement with the kinetic data obtained 
from batch experiments. 
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Freundlich isotherm model is the empirical 
model for adsorption and expressed as: 

Where q, is the amount of solute adsorbed per 
unit weight of adsorbent at equilibrium, q0 is the 
amount of solute adsorbed per unit weight of 
adsorbent corresponding to complete coverage 
of available sites. C, is the residual liquid phase 
concentration at equilibrium, bis the adsorption 
coefficient. k and n are constants related to 
adsorption capacity and adsorption intensity. 

Adsorption isotherms were obtained for 
selected adsorbents, tw, · CP and GAC. 
Adsorption isotherms for Pb (q. vs c.) are 
shown in Fig.4. The experimental data were 
fitted to both Langmuir and Freundlich 
isotherms given by equations 5 and 6. The 
isotherm equations for adsorption of Pb onto 
TW, CP and GAC and the regression coefficients 
(R) are given in Table 3. 1/ n values for all three 
adsorbents lie between zero and 1 indicating 
favorable adsorption. 

Many workers have investigated on other waste 
biomass as low cost adsorbents for metal ion 
removal. Langmuir constants, C/,1 values obtained 
for adsorption of Pb onto various other biomass 
types reported in the literature are listed in Table 
4. These values are in the same order of 
magnitude of the results obtained by this work. 

q =kC11n .. 
e e 

3.3. Adsorption Isotherms 

Several equilibrium models have been 
developed to describe adsorption isotherm 
relationships [41]. Langmuir and Freundlich 
isotherms are widely used. For solid-liquid 
systems the linear form of the Langmuir 
isotherm can be expressed by the equation (5). 

1 1 1 -=--+- (5) 
qe b%Ce qo 



Adsorbent Fixed bed column Model predictions (eq= with 
100 ppm solution) 

W'tof Flow rate mg adsorbed/g Langmuir Freundlich 
adsorbent (g) Jjm2s mg adsorbed/g mg adsorbed/g 

Coir 9 0.530 41 88 68 
Tea waste 15 0.475 46 58 54 
GAC 32 0.475 19 30 24 

Financial assistance from the UK's association of 
commonwealth universities and Fulbright-Sri 
Lanka commission are acknowledged. The 
support from Professors R.A. Williams, J. Raper, 
C. Adams and D. Ludlow enabling to conduct 
experiments at University of Leeds, UK and 
University of Missouri-Rolla, USA are greatly 
acknowledged. 

Acknowledgements 

Therefore, biomass materials available in Sri 
Lanka can be used as a low cost adsorbent for 
the removal of Pb ions from industrial waste 
water. 

Coir pith, Tea waste, saw dust, rice husk and rice 
bran adsorb appreciable amounts of lead from 
aqueous solutions. Coir pith and tea waste were 
superior to other waste biomass types tested. 
Waste biomass materials are effective and 
inexpensive adsorbent for removal of lead from 
aqueous solutions that may be operated in 
either batch operation or in fixed bed columns . 
The adsorption rate was rapid over an initial 
period of time and then decreases gradually. The 
adsorption kinetics fit to pseudo second order 
model, which is based on the assumption. 
chemisorption is the rate limiting step. The 
equilibrium isotherms can be represented by 
both the Freundlich and Langmuir models. 

4. Conclusions 

Further, liquid channeling which results poor 
solid-metal ion contact and less residence time 
may occur in the column. Therefore bed 
adsorption capacities are lower compared to 
batch operation. 
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Figure 5: Breakthrough curves for Pb adsorption onto 
CP, TW and GAC at 22 -c 

Table 5: Results on adsorption of Pb in fixed bed column 
(10 cm height, 3 cm diameter, 100 ppm solution concentration) 

approximately 47%, 18% and 32% lower 
compared to batch experiments for CP, TW and 
GAC respectively. This deviation can be due to 
following reasons. In batch experiments the 
mixture was shaken continuously and good 
interaction between the solid and solute was 
achieved. In the fixed bed, adsorbent is packed 
in the column and surface of the solid particles 
are in contact with each other and therefore 
results a less solid-solute interaction. 

• 



References 
1. Corbitt, R.A., Standard Hand Book of 

Environmental Engineering, 2nd edition, 
McGrawHill, 1999 

2. Shukla, S.R. and Pai., R.S., 2005, Comparison of 
Pb(ii) uptake by coir and dye loaded coir fibres in 
a fixed bed column, J. of hazardous materials, 
B125, 147-153. 

3. http:/ /www.luminet.net/-wenonah/hydro/ 
pb.htm visited on October 2006. 

4. Tunali, S., Cabuk, A., and Akar, T., Removal of 
lead and copper ions from aqueous solutions by 
bacterial strain isolated from soil, Chem. Eng. J., 
115 (2006) 203-211. 

5. Palmer, K., An overview of potential 
environmental impact from industrial activity, 
Industrial Pollution Hand Book, H.M. Freeman, 
McGraw Hill, 1995. 

6. Gaikwad, R.W., Removal of CD(ii) from aqueous 
solution by activated charcoal derived from 
coconut shell, EJEAF, Agriculrural and Food 
Chemistry, ISSN 1579-4377, (2004). 

7. Pesavento. M., et.al., Adsorption of lead(II) and 
copper(ii) on activated carbon by complexation 
with surface functional groups, Analytica 
Chimica ACTA, 480 (2003) 171-180. 

8. Qadeer, R., and Akhtar, S., Kinetics study of lead 
ion adsorption on active carbon, Turk J. Chem, 29 
(2005) 95-99. 

9. Ricordel, S., et. al., Heavy metals removal by 
adsorption onto peanut husks carbon: 
Characterization, kinetic study and modelling, 
Sep. Purif. Technol., 24 (2001) 389-401. 

10. Uzun, I., and Guzel, F., Adsorption of some heavy 
metal ions from aqueous solution by activated 
carbon and comparison of percent adsorption 
results of activated carbon with those of some 
other adsorbents, Turk J. Chem., 24 (2000) 291- 
297. 

11. Babu, B.V., and Ramakrishnan, V., Ranking of 
adsorbents based on method of preparation and 
Isotherm Fitting, Proceedings of international 
symposium & 56th Annual session of IIChE 
(CHEMCON-2003), Bhubaneswar (2003) 
December 19-22. 

12. Chuah, T.G., et.al., Rice husk as a potentially low­ 
cost bio-sorbent for heavy metal and dye 
removal: an overview, Desalination, 175 (2005) 
305-316. 

13. Kumar. U. and Bandyopadhyay, M., Sorption of 
cadmium from aqueous solution using pretreated 
rice husk, Bioresour. Technol., (2006),104-109. 

14. Wong, et. al., Removal of Cu and Pb by tartaric 
acid modified rice husk from aqueous solutions, 
Chemosphere, 50 (1) (2003) 23-28. 

173 

15. Wafwoyo, W., Seo, C.W., and Mar h II, W .•. , 
Utilization of peanut shells as adsorb nt ( r 
selected metals, J. Chem Tech. and Biol chn I., 74 
(1999)1117-1121. 

16. Vaughan, T., Seo T.W., and Marshall, W.8., 
Removal of selected metal ions from aqu 
solution using modified corncobs, Bior 
Technol., 78 (2001) 133-139. 

17. Sciban, M., Kalasnja, M., and Skrbic, B., Modifi d 
softwood sawdust as adsorbent of heavy m t. J 
ions from water, J. Hazard. Mater., 136(2) (200 ), 
266-271. 

18. Sciban M., and Klasnja, M., Wood sawdust • nd 
wood originate materials as adsorbents for h • vy 
metal ions, European J. of wood and w d 
products, 62 (1) (2004) 69-73. 

19. Shukla, A., et. al., The role of saw dust in th 
removal of unwanted materials from wt t r, J. 
Hazard. Mater., B95, (2002) 137-152. 

20. Shukla S.S., et. al., Removal of nick I fro111 
aqueous solutions by saw dust, J. Hazard. M.ih•r ., 
B121 (2005) 243-246. 

21. Shukla, S.R., Pai, R.S., and Shendarkr r, A J , 

Adsorption of Ni(II), Zn(II) and (11) 1111 
modified coir fibers, Sep. Purif. Techn I., 47( I) 
(2006), 141-147. 

22. Baig T.H. et.al., Adsorption of heavy m •1.11 1111 
by the biomass of solanum elaeagnifolium ( IIVl'r 
leaf night-shade), Proceedings of the haz rd 111 
waste Research conference, St Louis, Mi 
May 24-27 (1999) 131-142. 

23. Martin-Dupoint, F. et.al., Heavy metal adsorpli 11 
by crude coniferous barks: A modelling study, J. 
Environ. Sci. Health, A37(6) (2002) 1063-1073. 

24. Palma, G., Freer, J., and Baeza, J., Removal of 
metal ions by modified Pinus radiate bark and 
tannins from water solutions , Water Res. , 37,20 
(2003) 4974-4980. 

25. Vazquez G., et. al., Adsorption of heavy m t I 
ions by chemically modified pinus pinaster bark, 
Bioresour. Technol., 48 (1994) 251-255. 

26. Ahluwalia, S.S., and Goyal, D., Removal of h avy 
metals by waste tea leaves from aqueou 
solution, Eng. Life Sci., 5, No. 2 (2005) 158-162. 

27. Boonamnuayvitaya, V. et.al., Removal of heavy 
metals by adsorbent prepared from pyrolyz d 
coffee residues and clay, Sep. Purif. Technol., 35 
(2004) 11-22. 

28. Cay, S., Uyanik, A., and Ozajik, A., Single and 
binary component adsorption of copper(II) and 
cadmium (II) from aqueous solutions using tea. 
industry waste, Sep. Purif. Technol., 38 (2004) 
273-280. 

29. Malkoc, E. and Nutoglu, Y., Investigation of nick I 
II removal from aqueous solution using factory 
waste, J. Hazard. Mater., B127, (2005) 120-128. 

ENGINEER 



N INLPI 

29. Malkoc, E. and Nutoglu, Y., Inv ti ,,t 011 1l 111 lo.1•1 
JI removal from aqueous solutl n II II}' l I hH 
waste, J. Hazard. Mater., B127, (2 ) 120 I ti 

18. Sciban M., and Klasnja, M., Wood sawdust and 
wood originate materials as adsorbents for heavy 
metal ions, European J. of wood and wood 
products, 62 (1) (2004) 69-73. 

19. Shukla, A., et. al., The role of saw dust in the 
removal of unwanted materials from water, J. 
Hazard. Mater., B95, (2002) 137-152. 

20. Shukla S.S., et. al., Removal of nickel from 
aqueous solutions by saw dust, J. Hazard. Mat r., 
B121 (2005) 243-246. 

21. Shukla, S.R., Pai, R.S., and Shendarkar, A.I ., 
Adsorption of Ni(II), Zn(II) and F (II) 1 11 
modified coir fibers, Sep. Purif. Techn I., 47(:l) 
(2006), 141-147. 

22. Baig T.H. et.al., Adsorption of heavy m •ll1I Ion 
by the biomass of solanum elaeagnifolium ( Iv r 
leaf night-shade), Proceedings of the h rdou 
waste Research conference, St Louis, Mi . 111 , 
May 24-27 (1999) 131-142. 

23. Martin-Dupoint, F. et.al., Heavy metal ad orpt in 
by crude coniferous barks: A modelling study, J. 
Environ. Sci. Health, A37(6) (2002) 1063-1073. 

24. Palma, G., Freer, J., and Baeza, J., Remove I ( 
metal ions by modified Pinus radiata bark n I 
tannins from water solutions , Water R . , 7,20 
(2003) 4974-4980. 

25. Vazquez G., et. al., Adsorption of h avy m h1I 
ions by chemically modified pinus pin t r l , ti.., 
Bioresour. Technol., 48 (1994) 251-255. 

26. Ahluwalia, S.S., and Goyal, D., Rem v I ( 1)1 1v 
metals by waste tea leaves fr m 1111 011 
solution, Eng. Life Sci., 5, No. 2 (2005) I 8 I ,2 

27. Boonamnuayvitaya, V. et.al., R m v I o h IV 
metals by adsorbent prepared fr m pyr 1ly1 •d 
coffee residues and clay, Sep. Purif. Te hnol., 1 

(2004) 11-22. 

28. Cay, S., Uyanik, A., and Ozajik, A., np.l • m t 
binary component adsorption ( I I 1 (11) ml 
cadmium (II) from aqueous solutl n. 11 11..i h•11 
industry waste, Sep. Purif. � hn I, ti ( 1104) 
273-280. 

16. 

17. Sciban, M., Kalasnja, M., and Skrbic, B., Mo I 111• I 
softwood sawdust as adsorbent of heavy m1•t.1I 
ions from water, J. Hazard. Mater., 136(2) (2 ), 
266-271. 

15. 

l7 

14. 

11. Babu, B.V., and Ramakrishnan, V., Ranking of 
adsorbents based on method of preparation and 
Isotherm Fitting, Proceedings of international 
symposium & 56th Annual session of IIChE 
(CHEMCON-2003), Bhubaneswar (2003) 
December 19-22. 

12. Chuah, T.G., l. I., Rice husk as a potentially low­ 
cost bio- orb nt for heavy metal and dye 
removal: n v rvi w, D salination, 175 (2005) 
305-316. 

13. 

References 

5. Palmer, K., An overview of potential 
environmental impact from industrial activity, 
Industrial Pollution Hand Book, H.M. Freeman, 
McGraw Hill, 1995. 

6. Gaikwad, R.W., Removal of CD(ii) from aqueous 
solution by activated charcoal derived from 
coconut shell, EJEAF, Agriculrural and Food 
Chemistry, ISSN 1579-4377, (2004). 

7. Pesavento. M., et.al., Adsorption of lead(II) and 
copper(ii) on activated carbon by complexation 
with surface functional groups, Analytica 
Chimica ACTA, 480 (2003) 171-180. 

8. Qadeer, R., and Akhtar, S., Kinetics study of lead 
ion adsorption on active carbon, Turk J. Chem, 29 
(2005) 95-99. 

9. Ricordel, S., et. al., Heavy metals removal by 
adsorption onto peanut husks carbon: 
Characterization, kinetic study and modelling, 
Sep. Purif. Technol., 24 (2001) 389-401. 

10. Uzun, I., and Guzel, F., Adsorption of some heavy 
metal ions from aqueous solution by activated 
carbon and comparison of percent adsorption 
results of activated carbon with those of some 
other adsorbents, Turk J. Chem., 24 (2000) 291- 
297. 

1. Corbitt, R.A., Standard Hand Book of 
Environmental Engineering, 2nd edition, 
McGrawHill, 1999 

2. Shukla, S.R. and Pai., R.S., 2005, Comparison of 
Pb(ii) uptake by coir and dye loaded coir fibres in 
a fixed bed column, J. of hazardous materials, 
Bl25, 147-153. 

3. http:/ /www.luminet.net/-wenonah/hydro/ 
pb.htm visited on October 2006. 

4. Tunali, S., Cabuk, A., and Akar, T., Removal of 
lead and copper ions from aqueous solutions by 
bacterial strain isolated from soil, Chem. Eng. J., 
115 (2006) 203-211. 



30. Montanher, S.F., Oliveria, E.A. and Rollemberg, 
M.C., Removal of metal ions from aqueous 
solutions by sorption onto rice bran, J. Hazard. 
Mater., B117 (2005) 207-211. 

31. Conrad K. and Hansen H.C.B., 2007, Sorption of 
zinc and lead on coir, Bioresource technology, 
98(1), 89-97 

32. Sun, G. and Shi, W. Sunflower stalks as 
adsorbents for the removal of metal ions from 
wastewater, Ind. Eng. Chem. Res., 37 (1998) 1324- 
1328. 

33. Cho, H., Oh, D. and Kirn, K., A study on removal 
characteristics of heavy metals from aqueous 
solutions by fly ash, J. Hazard. Mater., 127(1-3) ( 
2005), 187-195. 

34. Dhaka!, R.P., Ghimire, K.N. and Inoue, K., 
Adsorptive separation of heavy metal from an 
aquatic environment using orange waste, 
Hydromettalurgy, 79 (2005) 182-190. 

35. Meunier, N., et.al., Lead removal from acidic 
solutions by sorption on coca shells: Effect of 
some parameters, J. of Env. Eng. @ ASCE, August 
(2003) 693-698. 

36. Amarasinghe, B.M.W.P.K. and Williams, R.A., 
Tea waste as a low cost adsorbent for the removal 
of Cu and Pb from wastewater, Chem. Eng. J.,132 
(2007), 299-309. 

37. tJo Y.S. and McKay, G., Pseudo-second order 
model for sorption processes, Process Biochem., 
34 (1999) 451-465. 

38. Onganer. Y. and Temur, C., Adsorption dynamics 
of Fe(III) from aqueous solutions onto activated 
carbon, J. of Colloid & Interface Sci., 205 (1998) 
241-244. 

39. Preetha, B. and Viruthagiri, T., Biosorption of 
zinc (ii) by rhizopus arrhizus; equilibrium and 
kinetic modelling, African J. of Biotechnology, 
4(6) (2005) 506-508. 

40. Horsfall, M., Abia, A.A. and Spiff, A.I., Removal 
of Cu (ii) and Zn (ii) ions from waste water by 
cassava (Manihot esculenta Cranz) waste 
biomass, African J. of Biotechnology, 2 (10) (2003) 
360-364. 

41. Seader, J.D. and Henly, E.J., Separation process 
principles, 2nd edition, John Wiley and Sons, 
Inc.USA, 2006. 

42. Rashed, M.N., Fruit stones as adsorbents for the 
removal of lead ion from polluted water, 
Proceedings environment 2003 conference, Cairo 
International conf. center, 30th Sep.-2nd Oct, 
2003. 

43. Farajzadeh, M.A. and Monji, A.B., 2004, 
Adsorption characteristics of wheat bran towards 
heavy metal cations, separation and purification 
technology, 138, 197-207. 

44. Quek, S.Y., Wase D.A.J. and Forster, C.F., The use 
of sago waste for the sorption of lead and copper, 
Water SA, 24(3) (1998) 251-256. 

45. Treybal, R.E., Mass Transfer Operations, 
McGraw-Hill Companies; 3rd edition., 1980 . 

• ENGINEER 174 


