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Abstract  This study is aimed at developing a value added biosorption product and a cost effective biotechnology for the 
uptake of heavy metals and organic compounds from aqueous media. The practical problems of cellulose solubility at low pH 
aqueous systems, gel forming behavior and mass transfer limitations were overcome in this study by coating bamboo culms 
cellulosic on bamboo culms carbon to form a rigid matrix structure of better mechanical strength, the coating process yielded 
a stable granular composite adsorbent that was stable under acidic conditions. The adsorption capacity was evaluated by 
measuring the extent of adsorption of chromium, cadmium, and lead metal ions, from aqueous media under equilibrium and 
reaction conditions. Equilibrium data at optimized condition yielded the following uptake efficiency values: 93% Cr, 76%Pb, 
and 82% Cd. The composite compared with other adsorbents also prepared showed better performance. 

Keywords  Cellulosic, Biosorbent Composite, Heavy Metals Adsorption, Bamboo Culms 

 

1. Introduction 

Environmental studies have revealed widespread con-
tamination of water by different chemicals used in the 
chemical industry during manufacturing process[1]. These 
chemicals include organic compounds, heavy metals and 
other pigments like dyes in the textile industry. At least 20 
metals are classified as toxic and half of these are emitted 
into the environment in quantities that pose risks to human 
health[2]. Most of these chemicals, which are toxic to human 
health and aquatic lives cannot be recycled and are dis-
charged into the environment via streams, rivers, lakes. 
Some of these constitute the major source of contaminants in 
portable water supply to humans and livestock. These 
chemicals find their way into ground water, which cause 
pollution and could impair plant growth and result to a great 
risk to human health and the environment[2,3]. 

Efficient removal of these pollutants from the environ-
ment is still a problem. Over the years attempts have been 
made to provide decolourizing type carbon from raw mate-
rials like coal, groundnut husks, coconut shells, palm kernel 
shell, plantain peel, walnut shells, oil palm empty fruit  
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bunches, Bamboo culms, maize cobs, cocoa pods, saw dusts 
etc[4-8]. 

A wide range of physical and chemical processes is 
available for the uptake of heavy metals and organics from 
aqueous media, such as electro-chemical precipitation, ul-
trafiltration, ion exchange and reverse osmosis[6-8]. The 
problem associating with the use of precipitation is sludge 
production. Ion exchange, being a better alternative method 
is not economically appealing because of high operational 
cost. Adsorption using commercial activated carbon(CAC) 
from petroleum based materials can remove heavy metals 
and organics from aqueous media, However, CAC remains 
an expensive material for heavy metal uptake, which has 
caused interest to be shifted to the use of other low cost and 
readily available agricultural products as precursor for the 
preparation of activated carbon. 

Natural biopolymers from renewable sources because of 
their capability to lower heavy metal-ion concentration to as 
low as parts per billion have become materials of attraction. 
Among the many other low cost sorbents identified, cellu-
losic from agricultural waste has high sorption capacity for 
several metal ions[9]. 

Bamboo is a naturally occurring composite material which 
grows abundantly in most of the tropical countries. It is 
considered a composite material because it consists of cel-
lulose fibers imbedded in lignin matrix. Cellulose fibers are 
aligned along the length of the bamboo providing maximum 
tensile flexural strength and rigidity in that direction[4]. 
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Since bamboo species are invasive and spread very fast, 
uncared bamboo species also cause environmental problems. 
Increased research during the recent years has considerably 
contributed to the understanding of bamboo as well as to 
improved processing technologies for broader uses. 

The active binding sites of cellulose are not readily 
available for sorption and poses problems for developing 
commercial applications. Transport of the metal contami-
nants and organics to the binding sites plays a very important 
role in process design. Therefore, it is necessary to provide 
physical support and increase the accessibility of the metal 
binding sites for process applications. 

In this communication, an attempt was made to overcome 
these mass transfer limitations by synthesizing a biosorbent 
composite by coating cellulose on the surface of bamboo 
culm carbon and evaluating its equilibrium adsorption 
properties. The combination of the useful properties of 
bamboo carbon and that of natural cellulose, could introduce 
a composite matrix with many application and superior ad-
sorption capabilities. Using synthetic contaminated water, 
the heavy metals uptake by bamboo carbon coated with 
cellulose and acid treated bamboo carbon adsorbents were 
compared. 

2. Materials and Methods 

2.1. Materials 

Bamboo culms were obtained from Igieduma village, 
along Benin-Auchi Expressway, Edo State, Nigeria. All the 
other reagents used were of analytical grade, and used as 
received. Commercial activated carbon was obtained from 
the Port Harcourt Refinery and Petrochemical Company, 
Port Harcourt, Nigeria. 

2.2. Preparation of the Bamboo Culms Carbon (BCC) 
and Oxidizing the Carbon with Nitric Acid 

Matured bamboo culms were harvested and cut into small 
strips with saw blade. Samples of 1kg each were weighed 
and heated to 500℃ for three hours using the METM-525 
Muffle furnace. The carbonized culms were then milled to 
fine powder, and sieved through a mesh size of 150µm. The 
carbon particles that passed through the screen were col-
lected, characterized and designated as Bamboo culms car-
bon (BCC). 

Portion of the carbon prepared from bamboo culms were 
then treated with 2% HNO3(v/v) in an incubator at 110℃ for 
24h and soaked with deionized water until the solution pH 
was stable. Then the adsorbent was soaked in 
2%NaHCO3(w/v) till any residual acid left was removed. 
Finally, the sample(hereafter referred to as acid treated 
bamboo culms carbon-ABCC) were dried overnight in an 
oven at 110℃, cooled at room temperature, and stored in a 
dessicator until further use[10] 

2.3. Preparation of Bamboo Culms Cellulosic 

Matured bamboo culms harvested and cut into small strips 
with saw blade were grounded in the mill. The material was 
then placed in a shaker with sieves to pass through a 425-μm 
mesh sieve yet retained on a 250-μm mesh sieve. The re-
sulting material was placed in glass jars labeled with appro-
priate designation for the preparation. 

The delignified cellulosic was isolated using the method 
described by Brendel O. et al[11]. 

50 g of cellulosic was slowly added to 1000 ml of 10 wt% 
oxalic acid with constant stirring. The mixture was also 
heated to 45℃ to facilitate mixing. At room temperature, the 
cellulosic-oxalic acid mixture formed a whitish viscous 
gel[12]. 

2.4. Surface Coating of ABCC and BCC with Cellulosic 

About 500 ml each, of the cellulosic was diluted with 
water and heated to 45℃. About 500 g each of the ABCC and 
BCC were slowly added to the diluted cellulosic and me-
chanically agitated using a rotary shaker at 150 rpm for 24 
hrs. The cellulosic coated ABCC and BCC were then washed 
with deionized water and dried. The process was repeated 
three times to form a thick coating of cellulosic on the ABCC 
and BCC surfaces. The cellulosic coated ABCC and BCC 
(now referred to as cellulosic coated acid treated composites, 
CCAC and Cellulosic coated composites, CCC, respectively) 
were removed and neutralized by putting them in 0.5% 
NaOH solution for 3 hrs. The CCAC and CCC were then 
extensively rinsed with deionized water and dried[13].  

2.5. Characterization of the BCC 

The pH was determined by immersing 1.0g samples in 
100ml of deionised water and stirring for 1h. Bulk density 
was determined by a tamping procedure described by Ah-
menda et al[14]. The resistance of the active carbon to me-
chanical abrasion was determined by measuring the percent 
solids retained after the carbon was stirred in acetate 
buffer(pH 4.7) at 250rpm for 2h[15]. 

Surface area of the carbon was determined by the iodine 
adsorption method[16]. The amount of iodine adsorbed from 
aqueous solution was estimated by titrating a blank with 
standard thiosulphate solution and compared with titration 
against iodine solution containing the sample. 

2.6. Equilibrium Uptake Studies of Metal Ions 

Equilibrium uptake experiments were carried out using 
CCC, CACC, and CAC adsorbents. Potassium dichro-
mate(K2Cr2O7), Cadmium sulphate(CdSO4), and Lead ni-
trate(Pb(NO3)2 were used as the source of Cr(VI), Cd(II), and 
Pb(II) respectively in the synthetic aqueous media. The Cr, 
Cd, and Pb stock solutions were prepared by dissolving 
0.745 g of K2Cr2O7; 0.521g of CdSO4; 0.828g of Pb(NO3)2 in 
250 ml of deionized water respectively. 

Adsorption experiments were carried out at ambient 
temperature using the optimum conditions of all pertinent 
factors, such as pH, dose agitation speed, and contact 
time[17]. Subsequent adsorption experiments were carried 
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out with only optimized parameters. 
The change in concentration of the heavy metal ions due to 

adsorption was determined using the atomic absorption 
spectrophotometer(AAS). 

The adsorption efficiency(E) of adsorbent was defined as: 
E(%)=[(Co- C1)/ Co] x 100 
Where; Co and C1 are the initial and equilibrium concen-

tration of metal ions solution(mg/ l), respectively. 
To ensure the accuracy, reliability, and reproducibility of 

the collected data, all the experiments were carried out in 
triplicate and the mean values of three data sets are presented. 
The results are as presented in Table 2-6. 

3. Results and Discussion 
3.1. Bamboo Culms Carbon 

Bamboo culms have been used to produce quality acti-
vated carbon, as other biomass, because of their inherent 
high densities and carbon content[18, 19]. In this study the 
carbon from the bamboo culms was prepared according to 
the method described by Ishak and Baker[20]. 

Some of the characteristics of the carbon obtained from 
bamboo culms are as presented in Table 1. 

Table 1.  Some characteristics of acid treated bamboo culms carbon(BCC) 

Characteristics Values 

pH of slurry at 28℃ 5.8 ±0.1 

Bulk density(g/ml) 0.65±0.01 

Surface area(mg/g) 78.8±0.2 

Attrition(%) 35.5±0.4 

Conductivity(Ώ-1m-1) 141.5±10.5 

Loss on Ignition(%) 
Cellulose yield(%) 

70.8±0.2 
62.46 

The practical problems of cellulose solubility at low pH 
aqueous systems, gel forming behaviour and mass transfer 
limitations were overcome by coating it on other adsorbents 

like alumina, charcoal or interacting it with other ad-
sorbents like alginate to form a rigid matrix structure of 
better mechanical strength [13,21] 

In this study these problems were overcome by coating 
cellulose on bamboo culms charcoal and the coating process 
yielded a stable granular composite adsorbent that was stable 
under acidic conditions. 

3.2. Effect of Reaction Conditions on the Adsorption of 
the Metal Ions 

The influence of operational parameters such as amount of 
adsorbent, agitation speed, initial pH and contact time were 
investigated. The results were expressed as the removal 

efficiency(E) of the adsorbent on metal ions, which was 
defined as 

E(%)=[(Co- C1)/ Co] x 100 , where Co and C1 are the initial 
and equilibrium concentration of metal ions solution(mg/l), 
respectively. The metals ion concentration was determined 
using AAS. 

3.2.1. Effect of pH 
pH is an important parameter for adsorption of metal ions 

from aqueous solution because it affects the solubility of the 
metal ions, concentration of the counter ions on the func-
tional groups of the adsorbent and the degree of ionization of 
the adsorbate during reaction[12]. 

The effect of pH on the metal ions removal efficiency was 
examined by using varied pH from 2.0 to 8.0. As shown in 
Table 2, the uptake of free ionic metal ions depends on pH, 
where optimal metal removal efficiency occurs at pH 5 and 
then decreasing at higher pH. Removal efficiency for CCAC 
increased from 38.5% to 76.4% over pH range from 2.0 to 
8.0. 

The CCC and CAC adsorbents, also showed similar trends 
but with much lower removal efficiency and slight different 
optimum pH value. The adsorption efficiency is as result of 
the fact that the pH values for these materials are at a lower 
pH range as the adsorbent, unlike values reported for most 
chemically untreated commercial activated carbon[22]. It 
can be mentioned that oxidization of bamboo culms carbon 
with nitric acid yielded acidic surface due to the introduction 
of oxygen-containing functional group[23]. 

The oxidative treatment of ABCC with nitric acid intro-
duces more acidic C=O groups on the surface of 
ABCC[16,24]. The electrostatic interaction between cellu-
lose and the more negatively charged ABCC is improved and 
this prevents any tendency of cellulose to agglomerate. In-
crease in the availability of active binding sites on the cel-
lulose for adsorption of the metal ions at low pH conditions 
is enhanced. It has also been suggested that formation of 
more acidic surface oxides on the carbon surface enhances 
its hydrophilic character and hence improve the hydrody-
namic flow[25]. 

On the other hand, cellulose coated beads, showed lower 
adsorption capacity, probably due to less efficient coating 
resulting in lesser acidic surface oxides. The interaction may 
not be very strong and the cellulose may agglomerate to a 
certain degree and become more soluble at low pH and hence 
reduces the availability of active binding sites on the cellu-
lose for adsorption. 

Similar bioreduction process can also be accomplished 
using alfalfa, seaweed, and some lyophilized plant tissue [26, 
27]. 

3.2.2. Effect of Dose 

The influence of metal ions sorption on amount of ad-
sorbent was studied by varying the amount of adsorbents 
from 1.0 to 25 g/l, while keeping other parameters(pH, agi-
tation speed, and contact time) constant. 
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Table 2.  Showing the effect of pH on the extent of adsorption of the metal ions 

pH range Cr(VI) Cd(II) Pb(II) 

 CCAC(%) CCC(%) CAC(%) CCAC(%) CCC(%) CAC(%) CCAC(%) CCC(%) CAC(%) 

2.0 52.1 30.8 27.2 40.6 24.2 22.4 38.5 22.1 20.8 

4.0 58.4 38.2 34.3 45.1 31.8 28.6 42.6 29.6 25.6 

5.0 76.4 56.1 50.5 50.4 38.3 35.4 45.3 34.7 32.8 

6.0 64.9 52.8 48.7 42.2 32.1 30.8 42.8 33.6 30.2 

7.0 60.1 43.3 44.2 39.5 27.5 25.3 38.8 25.5 24.8 

8.0 54.7 36.6 40.8 `28.3 21.4 24.6 23.8 20.4 21.9 

Reaction Condition: contact time: 180mins, temp.25℃. Dose: 15g/l, agitation speed: 150rpm 

Table 3.  Showing the effect of dose on the extent of adsorption of the metal ions 

Dose range Cr(VI) Cd(II) Pb(II) 

(g/l) CCAC(%) CCC(%) CAC(%) CCAC(%) CCC(%) CAC(%) CCAC(%) CCC(%) CAC(%) 

1.0 40.5 23.4 22.8 36.5 20.4 16.5 41.1 20.5 15.3 

5.0 46.8 34.8 30.2 44.2 27.1 23.8 44.8 22.4 18.6 

10.0 61.5 42.5 38.4 56.4 34.8 28.6 49.2 31.8 28.5 

15.0 74.1 55.4 51.5 62.8 48.5 36.1 55.4 46.3 40.2 

20.0 62.4 50.6 44.1 54.2 38.7 40.1 43.5 34.5 27.9 

25.0 48.5 40.2 32.6 34.9 34.3 32.4 33.6 32.8 30.2 

Reaction Condition: contact time: 180mins, temp.25℃. pH: 5.0, agitation speed: 150rpm 

Table 4.  Showing the effect of agitation speed on the extent of adsorption of the metal ions 

Agitation speed Cr(VI) Cd(II) Pb(II) 
(rpm) CCAC(%) CCC(%) CAC(%) CCAC(%) CCC(%) CAC(%) CCAC(%) CCC(%) CAC(%) 

0 40.5 23.4 18.5 36.5 20.4 19.8 41.1 20.5 20.8 
50 46.8 34.8 32.1 44.2 27.1 25.4 44.8 22.4 20.1 

100 61.5 42.5 39.8 56.4 34.8 42.1 49.2 31.8 26.5 
150 74.1 55.4 53.5 62.8 48.5 44.8 55.4 46.3 44.4 
200 72.4 55.6 50.8 64.2 48.7 42.8 53.5 44.5 40.6 

Reaction Condition: contact time: 180mins, temp.25℃. Dose: 15g/l, pH: 5.0 

Table 5.  Showing the effect of contact time on the extent of adsorption of the metal ions 

Contact time Cr(VI) Cd(II) Pb(II) 

(min) CCAC(%) CCC(%) CAC(%) CCAC(%) CCC(%) CAC(%) CCAC(%) CCC(%) CAC(%) 

30 52.6 40.3 38.6 41.4 34.5 32.1 38.0 32.2 27.6 

60 56.4 42.7 40.5 50.5 43.0 40.8 45.6 40.5 33.2 

90 65.2 54.2 48.4 65.8 54.1 48.7 57.5 53.7 47.5 

120 73.8 60.0 55.2 68.5 59.0 52.5 62.1 57.3 51.4 

150 80.1 68.0 66.8 72.0 66.5 59.4 68.9 60.5 55.8 

180 85.4 71.6 70.1 75.4 70.5 64.8 67.5 61.4 56.2 

Reaction Condition: pH: 5.0, temp.25℃. Dose: 15g/l, agitation speed: 150rpm 

Table 6.  Equilibrium sorption of Chromium, Lead, and Cadmium ions from aqueous media on CCAC, CCC, and CAC adsorbents at 25℃ 

Type of adsorbent 
Conc. of metal ion adsorbed(mmol/g)x10-3 Efficiency of removal(%) 

Cr(VI) Cd(II) Pb(II) Cr(VI) Pb(II) Cd(II) 

CCAC 1.86±0.12 1.64±0.15 1.51±0.13 93 76 82 

CCC 1.27±0.11 0.92±0.12 0.63±0.11 64 32 46 

CAC O.68±0.10 0.55±0.11 0.48±0.11 53 34 42 

Reaction Condition: contact time: 180mins, temp.25℃. Dose: 15g/l, agitation speed: 150rpm, pH:5.0 
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Table 3 shows the metal ions removal efficiency for the 
three types of adsorbents used. Form the table, it can be 
deduced that removal efficiency of the adsorbent generally 
improved with increasing dose. This is expected due to the 
fact that the higher the dose of adsorbent in solution, the 
greater the availability of exchangeable sites for the ions. 
The three adsorbents showed no further increase in adsorp-
tion after a certain amount of adsorbent was added(15 g/l). 
This suggests that after a certain dose of adsorbent, maxi-
mum adsorption is reached and hence the amount of ions that 
bound to the adsorbent and the amount of free ions in solu-
tion remains constant even with further addition of the dose 
of adsorbent. 

This is consistent with the previous result obtained on 
effect of pH. A close relationship between the surface ba-
sicity of the adsorbents and the anions is evident. This is 
similar to the findings of others, where the interaction be-
tween oxygen-free Lewis basic sites and the free electrons of 
the anions, as well as the electrostatic interactions between 
the anions and the protonated sites of the adsorbent are the 
main adsorption mechanism [23 28,29]. 

3.2.3. Effect of agitation speed 

The effect of agitation speed on removal efficiency of 
metal ions was studied by varying the speed of agitation from 
0(without shaking) to 200 rpm, while keeping the other 
factors constant. 

As observed from Table 4, the metal ions removal effi-
ciency generally increased with increasing agitation speed. 
The metal ions removal efficiency of CCAC adsorbent in-
creased from 61.5% to 74.1% when agitation speed in-
creased from 100 rpm to 150 rpm and the adsorption capacity 
appears relatively constant for agitation rates greater than 
150 rpm. These result can be associated to the fact that the 
increase of the agitation speed, improves the diffusion of 
metal ions towards the surface of the adsorbents. This also 
indicates that a shaking rate in the range 100-200 rpm is 
sufficient to ensure that all the surface binding sites are made 
readily available for metal uptake. 

3.2.4. Effect of contact time 
Result in Table 5 indicates that the metal ions removal 

efficiency increased with an increasing contact time before 
equilibrium is reached. Other parameters were kept optimum, 
while temperature was kept at 25℃. 

It is observed that metal ions removal efficiency of CCAC 
increased from 52.6% to 85.4% when contact time was in-
creased from 30 to 180 min. Optimum contact time for 
CCAC, CCC and CAC adsorbents was found to be 180 min. 
Greater availability of hydroxyl functional group on the 
surface of cellulose, which is required for interaction, sig-
nificantly improved the binding capacity and the process 
proceeded rapidly. This result is important, as equilibrium 
time is one of the important parameters for an economical 
wastewater treatment system. 

3.3. Metal Ions Uptake from Aqueous Medium at Opti-

mized Condition 

Structural aspects of the polymeric backbone are impor-
tant factors affecting metal ions sorption. The prepared 
biosorbent composite removes metal ions both by adsorption 
on hydroxyl group and also by sorption in the bulk of com-
posite. Therefore, the structure of a polymeric composite 
affects the level of polymer interaction with the media and 
the provision of active sites to adsorb or coordinate metal 
ions. Hence the sorption behaviour and the quantity of metal 
ions taken up depend; in addition to the attributes of struc-
tural aspects of the polymeric backbone but also on the 
functional groups(active binding sites), and the nature of the 
material, which are important factors affecting metal ions 
sorption. It is clear from Table 6, that the metal ions uptake 
and removal efficiency of Cr were higher than Cd, and Pb. 
This can be attributed to the fact that the Cr ion has a lower 
atomic radius than other metal ions and consequently its 
adsorption by the composite is high. In general, the amount 
of metal ions uptake by ion exchanger is affected by the 
electronegativity and hydrated values of metal ions. The 
sequence of metal ions sorption were as follow: Cr >Cd >Pb 

The coating of the bamboo culms carbon affected the 
metal ions uptake and removal efficiency by opening up the 
binding sites in the composite network and activating hy-
droxyl group into more active binding sites. From table 6, it 
is seen that the metal ions uptake and removal efficiency of 
CCAC was higher than that of CCC and CAC. 

4. Conclusions 
It has been shown that the use of biosorbent composite 

from renewable materials for heavy metal ions uptake is 
technically feasible, eco-friendly, low cost and with high 
efficiency. The oxidative treatment of the bamboo carbon 
with nitric acid introduces more acidic C=O groups on the 
surface of carbon. This enhanced the electrostatic interaction 
between cellulose and the more charged carbon and this 
prevents any tendency of cellulose to agglomerate. This 
helped to increase the availability of active binding sites on 
the cellulose for adsorption of Cr, Cd, and Pb at acidic con-
ditions. Besides that, being composed entirely of agricultural 
waste, it helps in reduction of waste generation and added 
value to the waste. The adsorbent can be regenerated by 
using 0.1M sodium hydroxide, and therefore can be reused. 
This adsorbent can be a good candidate for adsorption not 
only for these heavy metals selected; but also others in in-
dustrial and municipal wastewater stream. 
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