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The ability of dyed cassava mesocarp to remove Cu (II) and Zn (II) ions from single ion solutions (10 
mg/l) has been studied. The experiments were carried out using dyed cassava mesocarp (1.0 g). The 
amount (mg/g) of Cu (II) adsorbed by dyed cassava mesocarp of different particle sizes 0.40 mm (DCMI) 
and 0.63 mm (DCMII) at the contract time of 30 min was 389 and 248.5 respectively. The amount (mg/g) 
of zinc (II) adsorbed by DCMI and DCMII was 45.5 and 28.5 respectively. Furthermore, the residual 
amount of the metal ions solution decreased as the time of agitation increased. This results show that 
the dye-treated cassava mesocarp (1.0 g) has the ability to remove metal ion from aqueous solution. 
The modification of the adsorbent as a result of dyeing with reactive dye was helpful in the removal of 
metal ion from aqueous solution. 
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INTRODUCTION  
 
The investigation on the use of agricultural by-products 
for the removal of heavy metals from aqueous solutions 
has been on the increase. Some of the reasons for the 
use of these waste materials are that; they are available 
at little or no cost, naturally occurring, stable and require 
minimum care or maintenance. Metal ions produced and 
released during industrial activities may pose a serious 
threat to the environment. These metal ions when pre-
sent in sufficient quantity can be harmful to aquatic life 
and human health. Toxic metals are often discharged by 
a number of industrial processes and this can lead in turn 
to the contamination of fresh water and marine environ-
ment (Balkose and Baltacioglu, 1992). 

Several studies have been carried on the use of modi-
fied agricultural products for adsorption of heavy metal 
from aqueous solution such as; modified chitosan ( Sau-
cedo et al., 1993); walnut waste (Randall et al., 1974); 
peanut skin (Randall et al., 1975, 1975a); cotton (Kumar 
and Dara, 1982);  coffee grounds (Macchi et al., 1986);  
apple waste (Maranon and Sastre, 1991); wool fibre  
(Balkose  and  Baltacioglu, 1992); green  algae  and rice 
hull (Rey et al., 1993);  cotton  seed  hulls  (Marshall  and 
Champagne,   1995);   linseed  flax  straw  (Taylor  et  al., 
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1994); cotton stalk and apricot seed (Kahraman et al., 
2008); barks of trees and other cellulosic materials. Re-
cently, more effort has been put to develop new adsor-
bents and improve existing ones like: cassava waste 
(Horsfall et al., 2003); Chitosan (Karthikeyan et al., 2004); 
modified coconut pollen grains (Agiri et al., 2007). 

In Nigeria, the annual production of cassava tuber is on 
the increase as it constitutes one of the major staple 
foods and presently being cultivated for the production of 
biofuels. Consequently, large quantities of cassava 
wastes are produced and may constitute environmental 
nuisance as a result of lack of proper disposal of the 
wastes. And until the present work cassava wastes have 
not been put into important use. Conversion of these low 
value cassava wastes into adsorbent that can remove 
toxic and valuable metals from industrial wastewater 
would increase their market value and ultimately benefit 
the million of cassava starch, garri and foo-foo producers. 

The objective of the present study is to produce dyed 
cassava mesocarp (adsorbents) from dyeing cassava 
mesocarp with reactive dyes, examine the adsorption of 
heavy metal on dyed cassava mesocarp and determine 
the suitability of cassava mesocarp treated with reactive 
dyes as adsorbents for heavy metals such as copper and 
zinc, elucidate the mechanisms of heavy metal adsorp-
tion on the dyed cassava mesocarp. 
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Figure 1  Plot of Contact Time against adsorption of Cu (II) and Zn(II) 
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Figure 1. Plot of contact time against adsorption of Cu (II) and Zn (II) ions form 10 mg/l 
aqueous solution on dyed cassava mesocarp. 

 
 
 
MATERIALS AND METHODS 
 
Cassava mesocarp utilized for this study was obtained from cas-
sava mill factory in Effurun, Nigeria. The epicarps of the peels were 
carefully removed and the mesocarp thoroughly washed with water 
and then reduced to chips. The chips were air dried for five days 
and stored in a polyethylene bag. The dried cassava mesocarp 
chips were reduced to powder using a manual grinding mill. The 
resultant product (powder) was sieved to obtain 0.40 and 0.63 mm 
particle sizes, stored in plastic containers and labeled as undyed 
cassava mesocarp (UDCM). About 20 g each of these were dyed 
with a reactive dye (2,7-napthalene disulphonic acid-5-[(4,6-dichloro 
1, 3, 5-triazine-2-yl)amino]-4-hydroxyl-(1,3-disulpho-7-napthalenyl) 
azo-tetra sodium salt), according to the method given by Suemitsu 
et al. (1986) and adopted by Agiri et al. (2007) and labeled  dyed 
cassava mesocarp (DCMI and DCMII.) respectively. All the 
chemicals including copper nitrate, zinc sulphate, sodium chloride, 
hydrochloric acid and sodium carbonate employed for the analysis 
were AnalaR high purity grade and used without further purification. 
The experiments were performed using distilled ionized water. From 
the stock solution containing 1000 mg/l of copper ions and 1000 
mg/l of zinc ions, volumes of the adsorbate containing 20 mg/l of 
copper and zinc ions were prepared. All batch experiments were 
performed at a temperature of 30°C on a gyratory shaker at 200 
rev/min. The adsorption studies were conducted by placing one 
gram of dyed cassava mesocarp in 250 ml stopper Erlenmeyer 
flasks. This was followed by the addition of 50 ml pre-determined 
metal ion stock solution containing 10 ppm copper and zinc solu-
tions. The flask was then shaken for a given time interval in vibra-
tory shaker. At the end of the shaking period the solution was 
filtered through a glass wool at preset time intervals (5 min) and the 
residual metal ion concentrations were measured using the Buck 
scientific atomic absorption/emission spectrophotometer 200 A. 

The amount of metal ion adsorbed  on  the  adsorbent  was  com- 
computed using the following equation: 
 

             qe =  (Ci  -  Ct)v                                                                           
m                                                                           (1) 

 
Where qe = the amount of adsorbate adsorbed on adsorbent after 
adsorption at time, t per unit  mass  of  adsorbent  (mg  adsorbate/g 

adsorbent) 
Ci = initial concentration of adsorbate in solution, mg/l 
Ct = concentration of adsorbate in solution after adsorption time t, 
(mg/l) 
v = volume of liquid in the reaction vessel, l. 
m = mass of adsorbent, g. 
 
 
RESULT AND DISCUSSION 
 
Effect of particle size on metal ion adsorption on 
dyed cassava mesocarp 
 
The adsorption rate of metal ions on the dyed cassava 
mesocarp (0.40 and 0.63 mm) is as illustrated in Figure 1 
and the values are given in Table 1. It is evident from the 
table that the concentration of metal ion adsorbed 
increased with a decrease in the particle size of the DCM 
explaining the increased adsorption rate with small di-
mensions which is attributable to the availability of more 
specific surface area on the adsorbent. 

According to Weber and Morris (1963) the breaking of 
larger particles tends to open tiny cracks and channels on 
the particle surface of the material resulting in more 
accessibility to better diffusion, owing to the smaller parti-
cle size. 

Therefore, the different particle sizes have different re-
moval abilities as 0.40 mm, particle size showed highest 
removal ability for metal ion than 0.63 mm. 
 
 

Time dependency experiment 
 

Figure 1 shows a plot of contact time against metal ions 
adsorbed by the different type of the dyed cassava meso-
carp. This plot represents the adsorption efficiency of the 
metals on various adsorbents. As can be seen, the 
adsorption curves exhibit initially a linear  portion followed  
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Table 1. Effect of contract time on metal adsorption on dyed cassava mesocarp. 
 

UDCM Dyed Cassava Mesocarp 
Cu(II)mg/g Zn(II)mg/g Cu(II)mg/g Zn( II)mg/g 

Time 
(min) 

0.40mm 0.63 mm DCM I DCM II DCM I DCM II 
0 
5 

10 
15 
20 
25 
30 

0 
63 

67.5 
70 
70 
70 
70 

0 
12 
12 
12 
12 
12 
12 

0 
372.5 
379 
385 
389 
389 
389 

0 
224 

238.5 
243 

246.5 
248.5 
248.5 

0 
34 

36.5 
39 

41.5 
45.5 
45.5 

0 
21 

23.5 
24.5 
27.5 
28.5 
28.5 

 
UDCM = Undyed cassava mesocarp, DCM = Dyed Cassava Mesocarp, initial con-
centration of copper solution = 10 mg/l. 

 
 
 

Table 2. Residual concentrations of Cu (II) and Zn (II) ions adsorbed on Dyed 
cassava mesocarp. 
 

UDCM Dyed Cassava Mesocarp 
Cu(II)mg/g Zn(II)mg/g Cu(II)mg/g Zn( II)mg/g 

Time 
(min) 

0.40mm 0.63 mm DCM I DCM II DCM I DCM II 
0 
5 

10 
15 
20 
25 
30 

0 
437 

432.5 
430 
430 
430 
430 

0 
488 
488 
488 
488 
488 
488 

0 
127.5 
121 
115 
111 
111 
111 

0 
276 

261.5 
257 

253.5 
251.5 
251.5 

0 
466 

463.5 
461 

458.5 
454.5 
454.5 

0 
479 

476.5 
475.5 
472.5 
471.5 
471.5 

 
 
 
by plateau region at longer times. This shows that the 
adsorption of metal ions on the DCM I and DCM II was 
fast for the first 5-10 min depending on the types of metal 
ions adsorbed on a given dyed cassava mesocarp and 
equilibrium was attained in different times at which peak 
adsorption  reached its maximum value. 

By comparing the results of the experiments presented 
in Figure 1 show that the adsorption efficiency is depen-
dent on the type of metal. These values represent the 
amount of Cu (II) and Zn (II) adsorbed on the adsorbents 
as a function of increasing time. The overall adsorption 
behaviours of Cu (II) on the adsorbent were similar with 
differences in the amounts adsorbed. The amounts of Cu 
(II) ions (mg/g) adsorbed on UDCP, DCMI and DCMII 
(1.0g) in 5 min were: 63, 375.5 and 224 respectively. This 
increased to the following amounts (mg/g), 70, 389 and 
248.5 in 30 min. It can be shown that the adsorption rate 
of Cu (II) on DCM I and DCM II  was fast and in five min, 
375.5 mg/g of Cu (II) was adsorbed compared to 63 mg/g 
adsorbed on UDCP from aqueous copper (II) solution of 
initial concentration, 10 mg/l. The amount of Zn (II) ions 
(mg/g) adsorbed in 5 min on UDCM, DCMI and DCMII 
(1.0g) were: 12, 34 and 21 respectively. This increased to 
the following amount 12, 45.5 and 28.5 in 30 min. 

The experimental results show that the removal rate of 
Cu (II) and Zn (II) ions from the solution by the dyed cas-
sava mesocarp occurs quickly, seemly reaching equili-
brium within the first 5 min. This can be explained in 
terms of dying with reactive dyes which help in modifying 
the adsorbent by the introduction of sulphonic acid 
groups. Therefore, adsorption by the dyed cassava 
mesocarp depended on its properties such as the hydro-
philicity of the sulphonic acid groups, high cross linking of 
the adsorbents structure afforded by dyeing and eases of 
displacement of the counter hydrogen ion. Therefore, 
removal of metal ions by dyed cassava mesocarp could 
be due to two different sorption processes, a fast ion ex-
change followed by chemisorptions as suggested by 
(Low et al., 1993) in their earlier work on dye-treated oil-
palm fibres. 

In general, the dyed cassava mesocarp adsorbed more 
Cu (II) and Zn (II) than the undyed cassava mesocarp. 
Therefore, the series of batch experiments showed that 
dyed cassava mesocarp has the ability to bind metal ions 
and remove them from solution remaining after adsorp-
tion. 

Table 2 and Figure 2 shows the amount of the residual 
concentration of  the  metal  ion  solution  remaining  after  
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Figure 2. Plot of residual concentrations of Cu (II) and Zn (II) ions adsorbed 
on dyed cassava mesocarp. 

 
 

Table 3. Copper (II) ion initial concentration after adsorption. 
  

Adsorption in 20 min 
DCM I (0.40mm) DCM II  (0.40mm) 

Cu (II) Ion initial  
Concentration (mg/l) 

Ct(mg/l) X(mg/l) % Ct(mg/l) X(mg/l) % 
5 2.08 2.92 58.4 1.95 3.05 61 

10 2.82 7.18 71.8 2.42 7.58 75.8 
20 7.29 12.71 63.6 5.69 14.31 71.6 
30 14.83 15.17 50.6 13.52 16.28 54.9 

 
 
adsorption. Certain amount of copper and zinc ions were 
left in the solution after contact with UDCM for 30 min. A 
significant amount of copper ion was removed hence the 
lower residual concentration recorded for copper ion after 
contact with DCM I and DCM II as compared to the zinc 
ion. Cations with smaller ionic radii Cu (II) 0.071nm, Zn 
(II) 0.074 nm have greater chance to be adsorbed on 
cation exchanger (Huheey, 1978; Okiemen et al., 1990). 
This trend in smaller ionic size was observed for Cu (II) 
with high percentage adsorption than Zn (II) on other 
biological adsorbents as earlier reported (Abia et al., 
2003; Horsfall et al., 2003). Therefore, the smaller the 
ionic size the greater its affinity to reactive sites, namely 
hydroxyl and sulphonic acid groups in the dyed cassava 
mesocarp. The results show that the adsorption of ca-
tions with larger ionic radii would be less likely compared 
with smaller ionic radii. 

Another important factor used in describing the uptake 
capacity of metal ion on adsorbent is the hydrolysis constant 
pkh. Metals with smaller hydrolysis constant pkh have 
increasing tendency to hydrolyze because of larger charge 
size   function   (Z2/r)  and  electronic  structure  (Huheey,  

 1983). Charge size values of these metal ions are: Cu 
(II) = 14.1C2 m-1x1028 and Zn (II) = 13.7 C2 m-1x1028. The 
pkh values of these metals are: Cu (II) = 7.53 and Zn (II) = 
9.60. Therefore, the extent of hydrolysis of these metals 
indicates that Cu (II) hydrolyzes to a greater extent than 
Zn (II) indicating a higher binding for Cu (II) than Zn (II). 

Therefore, the greater affinity for these metals by dyed 
cassava mesocarp is attributed to the presence of 
sulphonic acid groups in the dyed treated adsorbents in 
addition to the carboxylic, phenolic and hydroxyl group in 
the natural cellulosic materials. This pattern of sorption 
was also noted in the sorption experiments using dyed 
treated palm oil fibre and moss, Calyperes deleeserta 
(Low et al., 1993). 
 
 
Effects of metal ion initial concentration on Cu (II) 
adsorption on dyed cassava mesocarp 
 
Table 3 shows the metal ions concentration (Ci), the me-
tal ions concentration after contact (contact time 30 min) 
with   the   dyed   cassava   mesocarp  samples  (Ct),  the
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Figure 3. Effect of initial concentration of ion in aqueous solution 
on Cu (II) adsorption on DCMI and II (0.40 mm particle size). 
 
 
 
amount metal ions adsorbed (x), calculated from the 
difference between the two concentration data. There-
fore, the removal efficiency (RE) % Adsorption of the 
adsorbent is defined as RE (%) = [(Ci – Ct) / Ci] x 100, 
where Ci and Ct are the initial and concentration of metal 
ions (mg/l) after contact time t. A plot of initial metal ion 
concentration against the % adsorption is shown in 
Figure 3. The result indicates that as concentration of 
metal ion in aqueous solution increases the amount of ion 
adsorbed decreases. The result also show that highest 
amount of metal ions was adsorbed from metal ion initial 
concentration of 12 mg/l. 
 
 
Conclusion 
 
In the present study it is observed that an optimum con-
tact period of about eight minutes is required for the 
maximum removal of zinc (II) by dyed cassava mesocarp. 
The adsorption mechanism also depends upon the parti-
cle size of the adsorbent, contact time, initial concen-
tration of the metal ion. And so, the adsorption of metal 
ion increases with decrease in particle size. The results 
obtained in this paper for the mechanisms involved in 
heavy metal removal can be considered as a funda-
mental step for the representation of the experimental 
behavior and for development of process design. 
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