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Abstract 

 
Various kinds of agro and wood based fibres can be used to filter both trace and heavy metals from 
contaminated solutions. The efficacy of thioglycolic acid treated oil-palm fibre was investigated in this 

study. The result showed maximum absorptions (at pH = 6) of 83.6, 75.6 and 50.8% for Fe
++

, Zn
++

 and 

Mg
++

 respectively in the Southern Point (SP) samples. Similarly, 79.1, 78.3 and 77.5% for Fe
++

, Zn
++

 and 

Mg
++

 were obtained for Northern Point (NP) samples. The removal efficiency of the metals was pH as 
well as ionic size dependent. The uptake capacities showed that iron had a higher capacity than zinc 
while magnesium had the least. This study therefore suggests that thioglycolic acid modified oil-palm 
fibre is highly efficient in sorption of metals from solutions and should be used as such at a slightly 
acidic pH. 
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INTRODUCTION 

 
The tremendous increase in the use of heavy metals over 
the past few decades has inevitably resulted in an in-
crease flux of metallic substances into the aquatic envi-
ronment. The metals are of special concern because of 
their persistence. Industrial wastes constitute the 
majorsource of the various kinds of metals pollution in 
natural waters (Horsfall et al., 2003).  

In recent years, several studies have been carried out 
on the removal of toxic metals from the aqueous effluents 
using agricultural by-products. The use of agricultural by-
products in bioremediation of metal ions is an aspect of 
biotechnology. This is recognized as an emerging tech-
nique for the depollution of metals polluted streams and 
rivers (Volesky and Holan, 1995) . The bio-sorption offers 
an alternative to the remediation of industrial effluents as 
well as recovery of metals contained in other media (Igwe 
et al., 2005).  

As a result of the expensive nature of the removal / 
recovery methods of precipitation and ion exchange, 

which require the use of chemicals and synthetic resins.  
Many agricultural by-products that are available at little or 
no cost have provided a window of opportunities. These 
 
 
 

 
 
 
 

 
agro-based materials have been reported to be capable 
of adsorbing and removing large amount of metal ions 
from aqueous solutions (Okieimen et al., 1988).  

Several researchers have shown that agricultural waste 
materials can bind substantial amount of metal ions. 
These materials include polymerized corn cob (Odozi et 
al., 1985), modified groundnut husk (Okieimen, 1988), 
modified peanut shells (Marshall et al., 2001) and cas-
sava waste biomass (Horsfall et al., 2003) . In this study, 
the efficacy of thioglycolic acid modified oil-palm fibre was 
investigated. 

 
EXPERIMENTAL PROCEDURE 
 
The metal laden water samples were obtained from polluted rivers 
in Eket Southern and Nsit Atai Northern part of Akwa Ibom State 
labelled SP and NP respectively. The oil-palm fibre was also ob-

tained from the same location. It was deoiled by stirring in hot 
deionized water and detergent for 24 h. It was then rinsed in hot de-
ionized water and dried in air for 48 h. The dried oil-palm fibre was 
ground using electric blender. The fibre was then screened through 
a set of sieves (250, 150 and 106 µm) . The fibre that passed thro-
ugh the 106 m was used for adsorption studies. 
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Table 1. Showing percentage of metals adsorbed by 

thioglycolicacid modified oil-palm fibre. 
 

Sample Initial Fe
++

 Mg
++

 Zn
++

 Final 
 pH (%) (%) (%) pH 

NP 2 12.4 33.6 40.0 1.7 

NP 6 79.1 77.5 78.3 5.2 

NP 8 69.2 50.5 61.1 7.3 

SP 2 15.0 12.4 20.6 1.9 

SP 6 83.6 50.8 75.6 5.3 

SP 8 37.4 41.3 46.0 7.5 
 
*NP (Samples from Nsit Atai Northern part) SP (Samples from Eket 

Southern part) 
 
 

 
After this treatment, 500g of the sieved fibre was treated with 1.0 

M thioglycolic acid (HSCH2 COOH) for 30 min and left to stand for 

24 h at 28
o
C. The treated fibre was then filtered using a Whatman 

No. 41 filter paper. The resulting residue was rinsed with deionized 
water and allowed to dry. Then 1g of the dried thioglycolic acid trea-
ted fibre was measured into 50 ml of the metals polluted samples at 
different pH of 2, 6 and 8 respectively, shaken and kept for an hour, 
after which it was filtered and the filtrate analyzed for residual met-
als using Atomic Absorption Spectrophotometer (AAS unicam 
model). 
 

 

RESULTS AND DISCUSSIONS 
 

From the result presented, the percentage of Fe
++

, Mg
++

 

and Zn
++

 removed first increased from pH = 2 to pH = 6 
and then declined at pH = 8. The highest removal rate of 

83.6% was recorded for Fe
++

 at pH = 6 in SP sample. 

This was followed by 79.1% for Fe
++

 at the same pH for 
the NP sample. The least efficiency of removal was re-
corded at pH = 2 while at pH = 8, there was a drop in the 
percentage of adsorption for all metals (Table 1).  

The removal of metals from aqueous solutions by ad-
sorption is related to the pH of the solution, since pH 
affects the surface charge of the adsorbents degree of 
ionization. The influence of pH on the adsorption of the 
metal ions was highest at pH = 6 for all the metals 
(Figures 1 and 2). In all cases, there were reductions in 
the initial pH after sorption. This is generally believed to 
be due to exchange of hydrogen atoms in the substrate 
by metals ions (Okieimen et al., 1988). It is thought that 

the presence of a relatively high concentration of H
+
 in 

the medium would influence this exchange from the sub-

strate since decreasing solution pH increases H
+
 con-

centration in the solution, which will coordinate with OH
-

groups to form OH2
+
 and thereby reduce the number of 

negative sites on the adsorbent and therefore cause the 
repulsion of metal ions (Ofomaja et al., 2005) . On the 

other hand, increasing pH reduces the amount of H
+
 in 

solution and promotes ionization of 
–
OH groups. It can be 

seen (Figures 1 and 2) that the removal of Fe
++

, Mg
++

 
allophane, smectite and similar clays, the characteristic 
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Figure 1. A plot of initial pH VS % removal in NP 
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Figure 2. Plot of initial pH VS % removal in SP. 
 

 

variable charge on the lattice with varying pH causes an 
increase of cation retention with increasing pH. The high-

est rate of removal for SP and NP was recorded for Fe
++

 
at pH = 6 which incidentally had the heaviest load. Similar 
observation was noted by Ofomaja et al. (2005).  

More so, the uptake capacities of thioglycolic acid treat-

ed oil-palm fibre showed that Fe
++

 had a higher capacity 

than Zn
++

 while Mg
++

 had the least. This differential sorp-
tion of different ions may be attributed to the differences 
in their ionic sizes. The smaller the ionic size, the greater 
its affinity to reactive sites (Horsfall Jnr. et al., 2003). The 

percentage adsorption of Zn
++

> Fe
++

> Mg
++

 could be 

linked to their ionic radii of 0.69 < 0.74 < 0.78 A for Zn
++

, 

Fe
++

 and Mg
++

 respectively. This trend was also 

observed for Cu
++

 and Zn
++

 with other biological 
adsorbents (Brauk-mann, 1990). A decrease from 
maximum adsorp-tion was noticed at pH = 8 due to 
hydrolysis resulting from increase in pH. According to 

Huhcey (1983), metals and Zn
++

 increased from pH = 2 
to pH = 6 and then declined at pH = 8. Arpa et al. (2000) 
pointed out that in all have the ability to be hydrolyzed 
because of higher charge size. 



 
 
 

 

A number of studies have been carried out on metal re-
moval by biosorption, all of which showed considerable 
reduction, for instance 60 – 80% removal using agricul-
tural by-product (Abia et al., 2002), greater efficiency of 
about 74 – 100% lead and 77.2% Cadmium removal was 
recorded using tea waste (Mahvi et al., 2005). Similar re-
sult of 71.3% removal was recorded for zinc (Adeyiga et 
al., 2005). It is imperative to note that lignocellulsic ma-
terials when used, apart from their sorption activities are 
biodegradable since most lignocellulsic materials espe-
cially agricultural fibres will degrade in contact with mois-
ture. 

 

Conclusion 
 
Pollution of the aquatic environment with toxic valuable 
metals is widespread. Consideration of the modes of pu-
rifying these contaminations must be given to strategies 
that are designed to high thorough put methods while 
keeping cost at minimum. Biosorption readily provides an 
efficient alternative to traditional physiochemical means 
for removing toxic metals. We have investigated the ef-
fectiveness of thioglycolic acid modified oil-palm fibre in 

the removal of Fe
++

, Zn
++

 and Mg
++

 from polluted rivers 

in Akwa Ibom State, Niger Delta, Nigeria. The result ob-
tained was pH dependent and is quite promising in terms 
of numerical strength of the percentage removal for the 
above priority metal investigated 
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