
1. Introduction 
 
Environmental pollution due to development in tech-
nology is one of the most significant problems of 
this century. Heavy metals are toxic and environ-
mentally harmful substances. Among all this heavy 
metals, copper, chromium, zinc injections beyond 
permissible quantities causes various chronic disor-
ders in human beings [15]. Therefore, this necessi-
tates their removal from wastewater before they are 
given to the receiving medium. Current treatment 
processes for metal containing wastewaters are re-
ported to exhibit reduced efficiency at low concen-
trations. Industry has begun to seek alternative ways 
of treating wastewater. Chromium in industrial 
waste is primarily present in the form of hexavalent 
Cr(VI) as chromate(CrO4

2-) and dichromate(Cr2O7
2-) 
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Chromium is present in different types of industrial effluents, being responsible for environmental pollution. 
Traditionally, the chromium removal is made by chemical precipitation. However, this method is not com-
pletely feasible to reduce chromium concentration to level as low as required by environmental legislation. 
Biosorption is a process in which solids of natural origin are employed for binding heavy metals. It is a prom-
ising alternative method to treat industrial effluent, mainly because of its low cost and high metal binding ca-
pacity. In this work the biosorption of chromium (VI) on to biomass of plantain peel (Musa paradisiaca) resi-
due was studied. Batch experiments were carried out as a function of the pH, initial metal ion concentration, 
contact time, shaking period and adsorbent dosage. The biosorption of chromium (VI) was decreased when 
shaking period was increased from 15 to 120 min. The maximum chromium biosorption occurred at pH 5. An 
increase in biomass dosage causes a decrease in the biosorption efficiency. Experimental results also showed 
the influence of initial metal concentration on the metal uptake for dried biomass. The adsorption constant was 
found from the Langmuir isotherm which did not describe the adsorption. The PPR biomass, which is a readily 
available biosorbent, was found suitable for removing chromium from aqueous solution. However, it can be 
recommended for use in various production companies like tanning, galvanizing, aluminum processing, paints 
manufacture etc. as this will reduce waste treatment cost for such companies. 
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The wastewater of industrial dyes and pigments, 
film and photography, galvanometry and electric, 
metal cleaning, plaiting and electroplating, leather 
and mining contain undesirable amount of chro-
mium (VI) according to water standards [1,13]. Po-
table waters containing more than 0.05 mgl-1 chro-
mium are considered to be toxic[17].  Various phys-
icochemical techniques for removing metal ions 
from wastewaters include chemical precipitation, 
adsorption, ion exchange, extraction and membrane 
processes.  Chemical precipitation is the most com-
monly utilized conventional techniques. Adsorption 
has been shown to be an economically feasible alter-
native method for removing heavy metals from 
wastewater and water supplies[14,5]. Biosorption, 
an alternative process, is the uptake of heavy metals 
from aqueous solutions by biological materials. Bio-
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sorption of metals by biomass has been much ex-
plored in recent years. Different form of inexpen-
sive, non-living plant materials such as rice husk [9], 
sawdust [8], pine bark and canola meal [2,3] has 
been widely investigated as potential biosorbent for 
heavy metal. 
 Cellulosic, non-reducing carbohydrate poly-
saccharides found in plant fibre such as plantain peel 
biomass can therefore be used for the biosorption of 
chromium (VI) due to the active binding site. Plan-
tain peel residue (PPR) is the remnant of plantain 
which is usually disposed at dumpsites. The aim of 
this work was to study adsorption capacity of Cr(VI) 
from the solution and investigate effects of contact 
time, pH, concentration, shaking period and biomass 
weight on biosorption efficiency. It also justifies the 
immense potentials of plant materials with a view to 
promote ethno-botany.  
 
2. Materials and Methods 
 
2.1. Biosorbent Preparation 
Batch samples of plantain peels were collected as 
waste material from household and commercial cen-
tres. After washing with deionised water and drying 
at 70oC in a conventional oven the residue are 
ground and sieved into different fractions. 
 
2.2. Biosorption Studies 
An aqueous stock solution of K2Cr2O7 in a concen-
tration of 1000mgl-1 of Cr(VI) was used in all ex-
perimental runs. Calculated quantities of this stock 
solution were measured and used for further experi-
mental solution preparation. The pH of solution is 
adjusted with H2SO4 and NaOH solutions. Deionised 
water is used for all experiments and all material 
used were of analytical grade and were obtained 
from Merck. A known quantity of the dried biosor-
bent was added into the metal bearing solution of a 
given concentration in Erlenmeyer flasks. The bio-
sorption medium was stirred at a constant speed for 
2h at 25oC. The samples were taken at definite time 
intervals and were filtered immediately to remove 
biomass and Cr(VI) in the remaining and broad peak 
solution was analysed. The unadsorbed Cr(VI) in the 
adsorption medium was determined with a spectro-
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photometer Alpha 4 (CHEMTECH 4200).  
 
3. Result  
 
3.1 Characterization of the Adsorbent 
The adsorbent was characterised by FT-IR spectro-
photometer (JASCO-430 model) at room tempera-
ture (figure 1), many functional group were present 
on the biomass surface. Different adsorption mecha-
nism including complexation, ion exchange and 
electrostatic attraction may be involved in biosorp-
tion process. The spectrum shows band shifting and 
involvement of hydroxyl groups and amine around 
broad peak of 3438.31cm-1. The peak at 2921.36 
and 2851.33cm-1 is due to CH stretching vibration 
CH, CH2 and CH3 groups. Very little change is ob-
served in the free carbonyl bond 1734.16 cm-1 but 
an increase in asymmetric C=O at 1636.51 cm-1 in-
dicate some carbonyl bonding.  

 
3.2 Effect of Shaking Period 
Figure 2, shows the adsorption percentage versus 
shaking period using PPR at an initial pH value of 5 
and initial chromium concentration of 100mgl-1. The 
adsorption percentages of the analyte were reduced 
with increasing shaking time.  
 
3.3 Effect of pH on Biosorption Capacity 
The biosorption on the biomass of Cr(VI) from 
100mgl-1 chromium solutions at various controlled 
values are presented in figure 3. The pH of solution 

Figure 1: FTIR spectrum of PPR 



has been identified as the most important variable 
affecting metal adsorption unto adsorbent. This is 
partly because hydrogen ion themselves are strongly 
competing with the adsorbate. The removal of Cr
(VI) as a function of hydrogen ion concentration was 
examined at pH 2-8.  

 
3.4 Effect of Adsorbent Dosage 
Adsorbent dosage is an important parameter because 
this determines the capacity of an adsorbent for a 
given initial concentration of the adsorbate at the 
operating conditions. The influence of adsorbent 
dosage on the adsorption of Cr(VI) is shown in fig-
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ure 4. Experimental result show the amount of chro-
mium ion adsorbed decreases with increasing 
amount of adsorbent, after which no significant 
change was observed. 

 
3.5 Biosorption Time 
   The influence of contact time on biosorption for 
the adsorption of Cr(VI) on PPR biomass was inves-
tigated and the result depicted in figure 5. On the 
basis of the results, 2h of contact time was found 
suitable for maximum adsorption and used in all 
subsequent measurement at 25oC. 
 
3.6 Effect of Initial Concentration 
The initial concentration provides an important driv-
ing force to overcome all mass transfer resistances of 

Figure 2: Effect of Shaking period on the Adsorption of Cr 
(VI) onto PPR  

Figure 3: Effect of pH in the Adsorption of Cr (VI) onto PPR 
(metal conc: 100mg/l; adsorbent dosage: 0.4g; contact time: 
2h) 

Figure 4: Effect of Dosage of PPR on Adsorption of Cr (VI) 
on PPR (metal conc: 100mg/l; contact time: 2h; pH: 5; T: 
250C) 

Figure 5: Effect of Contact time on Adsorption of Cr (VI) on 
PPR (metal conc: 100mg/l; pH: 5; T: 250C) 



solutes between the aqueous and solid phases. The 
biosorption of Cr(VI) was carried out at different 
initial Cr(VI) ion concentration ranging from 50 – 
600mgl-1. The amount of Cr(VI) adsorbed on the 
biomass increased with initial concentration of the 
metal ions. An increase in the chromium/biomass 
ratio caused a decrease in biosorption efficiency 
(Table 1). These results may be explained by the fact 
that at low Cr(VI) concentrations the ratio of sorp-
tive surface of the PPR biomass to total Cr(VI) 
availability is high; hence, all Cr(VI) may be inter-
acted with biosorbent and removed. 

T=25oC, t=2h, pH=5, m=0.4g 
 
 Study of the isotherm indicates the adsorp-
tion capacity of material for the removal of chro-
mium from the solution at constant conditions. 
Langmuir isotherm model was applied to establish 
the relationship between the amount of Cr(VI) ad-
sorbed by PPR and equilibrium concentration in 
aqueous solution. The experimental data conformed 
to the linear form of Langmuir model [11] expressed 
as the following equation: 
 
           Ce    =   Ce   +     1       
 qe          qm      KLqm  
 where Ce is equilibrium concentration of the 
metal (mg/L) and  
 qe is the amount of metal adsorbed (mg) by per 
unit of PPR (g).  
 qm and KL constant are evaluated from the slope 
and intercept of linear plots of Ce/qe versus Ce, respec-
tively (figure 6) 
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 The adsorption pattern of the metal on PPR 
did not describe the adsorption (R2 = 0.393)  

4. Discussion 
A decrease in adsorption with a rise in time was due 
to increasing tendency to desorp from the surface of 
the solution. On the basis of the results, a 30 min. of 
shaking time was found suitable for maximum ad-
sorption. The removal efficiency was found to be 
highly dependent on hydrogen ion concentration of 
solution. The high adsorption was observed at pH 2 
and 5. At higher pH value than 6, metal precipitation 
was observed. At pH 2, due to excess amount of H+ 
ions within the medium, the active site on the PPR is 
positively charged. This causes a strong attraction 
between this sites and negatively charged HCrO4

- 
ions [6,10].  
 OH2+ +  HCrO4                     OH2+ (HCrO4

-)   (12) 
 At low pH values active sites are positively 
charged. Therefore, negative metals adsorption in-
creases significantly. When pH value increases, sur-
face of the adsorbent becomes the neutral and a de-
crease in the adsorption is observed. When adsorb-
ent surface is negatively charged, adsorption de-
creases significantly. The behaviour is specific for 
the chromium ions and it is different for divalent 
metals [4] also affirmed that chromium ion releases 
hydroxide ions to the solution instead of proton. 
 The behaviour of the adsorbent dosage may 
be explained by high adsorption surface area and 

Co Ce Cr adsorbed on the 
biomass (q) (mg/g) 

Biosorption 
efficiency (%) 

50 0.07 49.93 99.86 

100 0.10 99.90 99.90 

150 0.34 149.66 99.77 

200 0.13 199.87 99.93 

400 0.11 399.89 99.97 

600 0.17 599.83 99.97 

Table 1: Effect of initial Cr(VI) ion concentration 
 

Figure 6:  Linear plot of Langmuir isotherm of Cr (VI) ad-
sorption on PPR (adsorbent dosage:0.4g; contact time: 2h; 
pH 5; T: 250C 



hence active site with increasing dose of adsorbent. 
This is in line with the study conducted by [4,7,16]. 
Since amount of initial chromium is constant, they 
can occupy only a certain amount of active sites. 
Therefore, further increase in the number of active 
sites does not affect the amount of adsorbed ions. In 
other words, for each ion concentration there is a 
corresponding adsorbent dose at which adsorption 
equilibrium was established. 
 
5. Conclusion and Recommendation 
 
This study clearly suggest that the use of PPR as ad-
sorbent is much economical, effectual and more vi-
able. It can be efficiently used to remove chromium 
ions from aqueous solution. The different opera-
tional parameters observed during the process of in-
vestigations revealed that the contact time, initial 
concentrations, sorbent mass, solution pH, shaking 
period govern the overall process of sorption. The 
chromium uptake performance of PPR was strongly 
affected by pH. The biosorption efficiencies were 
decreased with increasing adsorbent dosage. The 
amount of Cr(VI) adsorbed on the biomass increased 
with initial concentration of the metal ions, but the 
adsorption pattern of the metal on PPR did not de-
scribe the adsorption using Langmuir isotherm. The 
interaction between Cr(VI) ions and functional 
groups on the cell wall surface of the biosorbent cell 
were confirmed by FTIR analysis and the spectra 
showed that hydroxyl group and carbonyl groups are 
involved in Cr binding to the PPR. 
 It is however recommended that plant resi-
dues that have good adsorption properties as the 
plantain peel be used to treat wastewater from indus-
tries like galvanizing, electroplating, tanning indus-
tries etc. as this will not only save the cost of pollut-
ant removal, but also reduce the overall production 
cost of different products that come from these com-
panies. 
 
5.1 Assessment of the Competing Technologies 
The current costs and market share of the established 
conventional processes for metal removal/recovery 
from dilute solutions or wastewaters have to be sum-
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marised and assessed. Similarly for new unconven-
tional and even new biosorbent-based processes 
which are approaching the stage of application in the 
field. For cases when metal removal from contami-
nated industrial effluents is considered, the follow-
ing process alternatives can be considered for a more 
detail evaluation and feasibility assessment: 
 i. Precipitation by addition of appropriate 
chemicals, followed by conventional solid-liquid 
removal that could be by sedimentation, flotation, 
filtration, in extreme cases even by more expensive 
centrifugation. The metals are not that easy to re-
cover from the resulting sledges’ that often eventu-
ally represent a serious disposal problem. 
 ii. Reverse osmosis is a membrane-based 
process that is very effective for the removal of ionic 
species from solution. However, the membranes are 
relatively expensive both to produce and to operate. 
The use of elevated pressures makes this technique 
costly and sensitive to operating conditions. 
 iii. Ion Exchange is a process very similar to 
biosorption whereby the later is known to actually 
function predominantly on the basis of ion ex-
change. Ion exchange, however, uses mainly hydro-
carbon-derived polymeric resins. The hydrocarbon 
basis of synthetic ion exchange material makes them 
dependant on the price of crude oil. 
 iv. Bio-reduction of metals and their miner-
alization (turning them into natural deposits) is an 
attractive low-rate but cost-effective option as the 
knowledge and control of microbial activities in-
volved lately significantly advanced. Large volumes 
of metal-contaminated water can be economically 
purified.    
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