
Abstract—The release of heavy metals into the environment is a 
worldwide major concern. Different studies have demonstrated that 
natural agents have a high removal capacity for divalent heavy metal 
ions. Adsorption of heavy metals by sawdust was investigated to 
evaluate the effectiveness of using sawdust to remove heavy metals 
from aqueous solutions. In this work, adsorption of Pb(II) ions on 
Meranti tree sawdust has been studied by using batch techniques. 
The equilibrium adsorption level was determined to be a function of 
the solution of pH, contact time, amount of adsorbent, shaking speed 
and initial concentration. Results showed that pH 7 was the most 
suitable, while the maximum adsorbent capacity was at a dosage of 
2.5 g/L, recording a sorption of 41% of lead. The percentage metal 
removal approached equilibrium within 90 min for the lead ions. 
The meranti Sawdust have proved to be the most efficient and 
practical biomass for the removal of heavy metal ions from aqueous 
solutions.  
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I. INTRODUCTION 

HE release of industrial wastewaters to the environment 
causes several adverse effects as they include heavy 

metals like Cd, Pb, Ni and Co. Concentrations of heavy 
metals even below allowable limits have potential for long-
term contamination, because heavy metals are known to be 
accumulative within biological systems (Ahmada, et al., 
2005). Lead has been implicated to be the most common 
heavy metal contaminants in urban soils d ue to 
atmospheric deposition from automobile emission and 
industries (Osman, he et al., 2011). 

Several methods have been developed for decontamination 
of municipal and industrial waters and wastewaters. The 
commonly-used procedures for removing metal ions from 
effluents include chemical precipitation.  

Adsorption techniques for wastewater treatment have 
become more popular in recent years with regard to their 
efficiency in the removal of pollutants, especially heavy metal 
ions, color, odor and organic pollution (Christian.V et 
al.,2005). Adsorption has advantages over other methods for 
remediation of heavy metals from wastewater because its 
design is simple; it is sludge-free and can be of low capital 
intensive (Yasemin, B. and Zeki, T, 2006).  
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Activated carbon has been reported to have high and fast 
adsorption capacities due to its well-developed porous 
structure and tremendous surface area. Coagulation or 
flocculation and ion exchange are also in use for heavy metal 
elimination from the environment (Argun,M et al., 2006). 
These techniques, have been reported to be expensive and 
have disadvantages such as incomplete metal removal, high 
reagent and energy requirements and generation of toxic 
sludge or other waste products that require proper disposal. 
Adsorption Process for lead removal like adsorption by 
activated meranti wood sawdust has been investigated in this 
work and its more effectiveness has been exported. 

II. EXPERIMENTAL   

A.  Apparatus and Instrumentation 
The concentrations of Pb(II) in aqueous solutions was 

determine using atomic absorption spectrophotometer 
(Analyst 100 Perkin Elmer) operating with an air-acetylene 
flame. The pH measurements were done with a pH-meter 
(Digital pH meter MK VI ). The pH-meter was standardized 
using buffer solutions with pH values of 4.0, 7.0, and 10.0. 
Temperature-controlled shaker (Rillins Sains Sdn Bhd Model 
IKA KS 260) was used for equilibrium studies. All filtrations 
during this work were carried out using filter paper. 

B. Adsorbent 
Meranti tree sawdust was collected from a local saw mill. 

The sawdust was washed with distilled water and then dried 
in a dryer at 100 C0 until all the moisture had evaporated. 
The material was ground to a fine powder in a still mill. To 
immobilize the color and water-soluble substances, the 
ground powder was treated with 2% formaldehyde at room 
temperature for 4 h. After that, the sawdust was. filtered out, 
washed with distilled water to remove free formaldehyde. 
Again it was dried in drying oven and then activated at 220 
C0 in muffle furnace. The activated carbon was then stored in 
air tight containers for further use. 

C. Adsorbate solution 
The aqueous solutions (1000 mg/L) of Pb prepared in 

distilled water by dissolve 1.5999g of Pb(NO3)2 in 1 liter of 
distilled water . The solutions of different dilutions (25–250 
mg/L) required for the adsorption studies were prepared by 
dilution of the stock solutions. 
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D. Batch adsorption studies 
Batch adsorption studies were carried out by shaking 0.5 g 

of the sawdust with 20 ml of the aqueous solutions of Pb(II) 
ions with 100 ml flasks filled with 100 ml of  lead nitrate in 
different conical flask at 150 rpm. The mixtures were filtered 
out and analyzed for its metal ion concentrations using 
Atomic Adsorption Spectrometer (AAS). All metal solutions 
were used at neutral pH and performed at room temperature. 
The effect of pH of the initial solution on the equilibrium 
uptake of Pb(II) ions was analyzed over a pH range from 3.0 
to 8.0 . The pH was adjusted using 0.1M NaOH and 0.1M 
HCI solutions. In order to obtain the adsorption capacity, the 
amount of ions adsorbed per mass unit of sawdust (mg/g) 
evaluated using the following expression: 

qe= (C0 - Ce)V/m  
where qe is the amount adsorbed at equilibrium (mg/g), C0 

is the initial metal ions concentration (mg/L), Ce is the 
equilibrium metal ions concentration (mg/L), V is the volume 
of the aqueous phase (L), and m is the amount of the sawdust 
used (g). 

For adsorption kinetic the mixture of the test solution 20 
ml and sawdust (0.5 g) was stirred in a shaker at 150 r/min at 
25°C continuously for equilibrium time.  Samples from the 
mixture were be drawn at regular intervals of time. The heavy 
metals concentration was then analyzed using AAS. 

III. RESULTS AND DISCUSSIONS 

A. Characterization of Meranti Wood Sawdust 
Sawdust refers to the tiny-sized and powdery wood waste 

produced by the sawing of wood. The size of sawdust particles 
depends on the kinds of wood from which the sawdust is 
obtained and also on the size of the saw teeth. A scanning 
electron micrograph of Meranti wood suwdest is shown in 
figure 1.0. Meranti tree sawdust is a heterogeneous material 
consisting largely of small spheres, irregular, porous, coke 
like particles of cell wall of plant cells. The surface seems to 
be rough, and protrusions can be seen throughout the 
micrograph. Pores can be seen however, not extending into 
the matrix. The surface roughness is indicative of high 
surface area. 

 
    Fig.1 SEM image of activated sawdust of Meranti wood 
 

 
Fig. 2 Lead ions stacked on adsorbent 

 
Fig. 3 Scanning electron microscope (SEM) 

 

B. The pH of Adsorbent Surface 
A 25ml of metal solution of 100 mg/L concentration was 

agitated with 0.5 g of adsorbent at room temperature for 90 
min at 150 rpm to reach equilibrium. Then, the pH of the 
solution was measured to be 7.0. 

C. Effect of Contact Time 
The dependence of adsorption of Pb(II) ions with time is 

presented in (Fig. 3).The data obtained from the adsorption of 
Pb(II) ions on the Meranti tree sawdust showed that the 
adsorption increases with an increasing contact time. 

The rate of percentage removal of Pb(II) ions is initially 
high which is probably due to the availability of larger surface 
area of the sawdust for the adsorption of these ions. As 
thesurface adsorption sites become exhausted, the rate of 
uptake is controlled by the rate of transport from the exterior 
to the interior sites of the adsorbent particles. Further, the 
maximum percentage removal of Pb(II) ions was attained 
after 60min of stirring time .Therefore, the contact time of 90 
min was sufficient to achieve equilibrium for Pb(II) ions. The 
adsorption did not change much with further increase in 
contact time. It is necessary to point out that these tests were 
done under a condition without any pH adjustment. However, 
it is supposed that the pH of the metal ions solution may 
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affect metal affinity for adsorption on the Meranti tree 
sawdust and that the process of metal adsorption may change 
the pH of an unbuffered solution. Anyway, pH may play an 
important role in the metals adsorption, which is an 
important aspect of the further studies. 

 
Fig.4 Effect of time in the removal of Pb(II) 

 

D. Effect of pH 
The pH is one of the most important environmental factors 

influencing not only the site dissociation, but also the solution 
chemistry of the heavy metals: hydrolysis, complexation by 
organic and/ or inorganic ligands, redox reactions, and 
precipitation are strongly influenced by pH and on the other 
hand, strongly influence the speciation and adsorption 
availability of heavy metals. 

The effect of pH on the adsorption of Pb(II) ions on 
Meranti tree sawdust has been studied by varying it in the 
ranges of 3.0–8.0 . As shown in Fig. 4, the uptake of Pb(II) 
ions depends on pH, it increases with the increase in pH from 
5.0 to 7. Above this pH range, a decrease in the uptake of Pb 
(II) ions was observed. Based on the behavior of heavy metal 
adsorption on sawdust, it is speculated that the ion exchange 
and hydrogen bonding may be the principal mechanism for 
the removal of heavy metals (Ansari, R. and Raofie, F.,2006). 
There are a number of parameters to support this speculation, 
including the components and complexing properties of the 
sawdust, the properties of heavy metals and the adsorption 
behavior, such as the effect of pH of the aqueous media 
leading to change in speciation. Based on the electron-
donating nature of the O-, S-, N-, and P-containing groups in 
sawdust and the electron-accepting nature of heavy metal 
ions, the ion exchange mechanism could be preferentially 
considered. For instance, a divalent heavy metal ion may 
attach itself to two adjacent hydroxyl groups and oxyl groups 
which can donate two pairs of electrons to the metal ion, 
forming four coordination number compounds and releasing 
two hydrogen ions into solution. It is then readily understood 
that the equilibrium is quite dependent on pH of the aqueous 
solution. At lower pH, the H+ ions compete with metal 
cations for the exchange sites on the sawdust, thereby 
partially releasing the latter. The heavy metal cations are 
completely released under circumstances of extreme acidic 
conditions. 

At pH value lower than 5, the adsorption capacities were 
found to be low due to the competitive adsorption of H3O+  
ions and metal ions for the same active adsorption site. As the 
pH increases, the adsorption surface becomes less positive 
and therefore electrostatic attraction between the metal ions 
and sawdust surface is likely to be increased. The maximum 
sorption efficiency in the range of 5.0–7.0 for Pb(II) ions may 
be due to the interaction of M+, M(OH)+, and M(OH)2 with 
surface functional groups present in the sawdust. 

 

 
Fig. 5 Effect of pH 

 

E. Effect of Adsorbent Dosage 
Adsorbent dosage is an important parameter because it 

determines the capacity of an adsorbent for a given 
concentration of the adsorbate. The adsorption studies of 
Pb(II) ions on Meranti tree sawdust was done at room 
temperature by varying the quantity of adsorbent from 0.25 to 
2.00 g while keeping the volume of the metal solutions 
constant at 7 pH. The influence of adsorbent dosage in the 
removal of Pb(II) ions is shown in Fig. 5. 

 

 
Fig.6. Amount of adsorbent (g) 

The increase in the adsorbent dosage from 0.25 to 2.0 g at 
pH 7.0 for Pb(II) resulted in an increase of adsorption from 
27% to 41%. The results show that the adsorption increases 
with the increase in the dose of sawdust. This is because of 
the availability of more binding sites on the surface at higher 
concentration of the adsorbent for heavy metal ions. 

F. Effect of Shaking Speed 
Because shaking consumes energy and affects the 
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adsorption efficiency, it is important to determine the optimal 
speed that should be used in removal of Pb(II) inos. The 
maximum removal efficiencies was obtained at 150 rpm : 50 
% . Indicates that the adsorption values for the Pb(II) ions 
was lowest at 90 rpm and increased as the shaking speed 
increased to 150 rpm. This effect can probably be attributed to 
the decrease in boundary layer thickness around the adsorbent 
particles that results from increasing the degree of mixing. 
When the mixture was shaken, the solid particles moved 
around rapidly in the solution, and this increased the 
concentration of heavy metals near the surface of the solid 
particles, possibly to a level near that of the bulk 
concentration. 

 
Fig.7 Effect of shaking speed (rpm) 

 

Because heavy metal diffusion to the boundary layer 
between adsorbent particles and the surrounding solution 
would increase with increased shaking, the external mass 
transfer speed of the metals would increase and equilibrium 
would be reached more rapidly. However, when the shaking 
speed rose above 150 rpm, diffusion speeds decreased. This 
may occur because the high shaking speed provided sufficient 
additional energy to break newly formed bonds between the 
metal ions and the adsorbent surface. 

G. Adsorption Isotherms 
The equilibrium adsorption of heavy metals, qe (mg/g), can 

be related to the equilibrium concentration of these metals, Ce 
(mg/L), either by the linearized form of the Langmuir 
isotherm 

model:  
Ce/ qe= 1/ Kl  Sm  + Ce/ Sm  
or the Freundlich isotherm model: 
log qe = log Kf + 1/n log Ce  
Where Sm and KL are the Langmuir constants, 

representing the maximum adsorption capacity of the solid 
phase loading and the energy constant related to the heat of 
adsorption, respectively. KF is the Freundlich constant related 
to the adsorption capacity, where 1/n is related to the 
adsorption intensity. A linear plot of the Langmuir equation 
was drawn, and the values of Sm and KL were determined 
using the least squares method .Also, the slope and intercept 
of the linear plot of log qe against log Ce corresponds to 1/n 
and log KF. 

The equilibrium adsorption of Pb is well represented by the 

Langmuir and Freundlich model with high R2 values, as 
described in Table 4.9.5. The suitability of both isotherm 
models in representing the equilibrium data of lead ions 
indicates that a monolayer of metal ions formed on the 
sawdust surface. Considering that the adsorption of heavy 
metals on sawdust is mainly due to ion exchanges at the 
surface level, 1.65 the electronegative of lead ions so it shows 
a high adsorption tendency.  It is also known that the 
adsorption of heavy metal with a larger ionic radius is greater 
than those with a smaller ionic radius. The ionic radius of 
lead ions is 1.33. 

H. According to Adsorption Model 
Equilibrium adsorption qe (mg/g)= adsorbent value / 

adsorbent amount  
Equilibrium concentration Ce (mg/L)= 100 – adsorbent 

value. 

I.  Validate the Experimental Data Using Langmuir And 
Fruendlich Isotherms. 

 

TABLE I 
EQUILIBRIUM ADSORPTION AND EQUILIBRIUM CONCENTRATION   OF CONTACT 

TIME 
qe ce Ce/qe Log qe Log ce 
20 90 4.5 1.30 1.95 
44 78 1.77 1.64 1.89 
50 75 1.5 1.69 1.87 
90 55 0.61 1.95 1.74 
98 51 0.52 1.99 1.70 

 

 
Fig.8 Langmuir isotherm plot for the adsorption of heavy           

metals on sawdust for contact time study 

 
Fig.9 Freundlich isotherm plot for the adsorption of heavy          

metals on sawdust for contact time 
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TABLE II 

EQUILIBRIUM ADSORPTION AND EQUILIBRIUM CONCENTRATION OF PH STUDY 
qe ce Ce/qe Log qe Log ce 

20.22 89.89 4.44 1.30 1.95 
43 78.5 1.82 1.63 1.89 
51 74.5 1.40 1.70 1.87 

76.2 61.9 0.812 1.88 1.79 
98.6 50.7 0.512 1.99 1.70 
94 53.00 0.56 1.973 1.72 

 

 
  Fig.10 Langmuir isotherm plot for the adsorption of heavy         

metals on sawdust for pH study 

 
Fig.11 Freundlich isotherm plot for the adsorption of heavy       

metals on sawdust for pH study 
 

TABLE III 
 EQUILIBRIUM ADSORPTION AND EQUILIBRIUM CONCENTRATION OF 

ADSORBENT AMOUNT STUDY  
qe ce Ce/qe Log qe Log ce 
54 73 1.35 1.73 1.86 
60 70 1.16 1.77 1.84 
66 67 1.01 1.89 1.82 
74 63 0.85 1.86 1.79 
82 59 0.72 1.91 1.77 

 
 

 
 Fig.12 Langmuir isotherm plot for the adsorption of heavy         

metals on sawdust for adsorbent amount study 
 

 
 Fig.13 Freundlich isotherm plot for the adsorption of heavy        

metals on sawdust for adsorbent amount study 
 

TABLE IV 
EQUILIBRIUM ADSORPTION AND EQUILIBRIUM CONCENTRATION   OF STIRRING 

SPEED 
qe ce Ce/qe Log qe Log ce 

40 80 2 1.60 1.90 
64 68 1.06 1.80 1.83 
74 63 0.85 1.86 1.79 
90 55 0.61 1.95 1.74 

 

 
  Fig.14 Langmuir isotherm plot for the adsorption of heavy         

metals on sawdust for stirring speed study  
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IV. CONCLUSIONS 
Effective adsorbent for the removal of Pb(II) ions from 

aqueous solution. The adsorption process is strongly affected 
by parameters such as contact time, pH, adsorbent dosage and 
stirring speed. The equilibrium time for Pb(II) ions is 
determined as 90 min. The plot of pH versus percentage 
adsorption shows significant adsorption at pH 7.0 for Pb(II) 
ions. Percentage removal for Pb(II) at this pH is 49%. The 
percentage adsorption of Pb(II) ions was increased with 
increasing the adsorbent dosage. The percentage adsorption 
of Pb(II) ions was increased with increasing the adsorbent 
dosage from 50% to 95%. The equilibrium data fitted well 
(R2 = 0.995) to Langmuir and Fruendlich isotherms. 

 

 
  Fig.15 Freundlich isotherm plot for the adsorption of heavy        

metals on sawdust for stirring speed study 
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