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Abstract— This study investigated the
adsorption of Ni(ll) ions on powdered fishbone as
a low-cost adsorbent from aqueous solution. The
powdered material was characterized using
Fourier Transform Infrared (FT-IR)
spectrophotometer) and Scanning Electron
Microscope. The determination of Nickel ions was
performed on Perkin Elmer model Atomic
Absorption Spectrometry (AAS). The effects of
hydrogen ion concentration (pH), initial metal
concentration and contact time of the adsorption
were studied. The adsorption experiments were
carried Kkeeping the adsorbent weight (29)
constant. The powdered fish bone recorded 98 %
of Ni(ll)adsorption under conditions of pH 7,
adsorbent and initial metal concentration 20ppm
at a contact time of 30 minutes.
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I. INTRODUCTION

An indispensable part of industrial, agricultural and
technological advancement of any nation is metal and their
compounds. The number of their applications for
commercial uses continues to grow with development in
modern science and technology [1, 2].

Mercury, cadmium, Chromium, Nickel among others are
examples of heavy metals that accumulate in living
organisms depending on its exposure rate and dosage [3].
Nickel comes just after iron, oxygen, silicon and,
magnesium making it the fifth most common element on
the Earth [4]. Nickel is a toxic metal found in the
environment as a result of various forms of activities [5].
Effluent water from electroplating, electronics and metal
cleaning industries usually contain high concentration of
nickel ions and the cause diverse types of diseases [6] such
as liver, kidney, spleen cancer, brain and tissue damage
among others [7].

According to the guidelines given by the World Health
Organization, the maximum permissible concentration of
nickel in the electroplating process wastewater and drinking
water should be less than 4.1 and 0.1 mg/I, respectively [8].
Nickel is toxic even at low concentrations [9] and is an
important source of contamination in industrial societies
[10].
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Generally, several methods have been used for the removal
of Ni(ll) from wastewaters, they include chemical
precipitation, chemical reduction, flocculation, filtration,
evaporation, solvent extraction, biosorption, activated
carbon adsorption, ion-exchange, reverse 0SMOSis,
electrodialysis, membrane separation processes, etc.[11].
Among these methods, adsorption which has proved to be
very efficient and eco-friendly has been used by most of the
researchers within the last few decades [12].

The method is considered attractive, low-cost, simple in
design and ease of operation [13], while the other methods
are non-economical with disadvantages such as incomplete
metal removal, high energy requirement, high reagent cost,
and generation of toxic sludge [14].

Many investigations on the adsorptive removal of heavy
metals from solution using natural adsorbent derived from
agricultural wastes such as Potato peels [15], waste eggshell
[16] have been reported.

A common type of waste generated from fish is its bone. As
bio-waste fishbones are treated as a source of organic
matter for the by-production [17]. Fishbone is an enriched
natural source of hydroxyapatite(HAP) which has been
reported to possess the ability to stabilize heavy metals[18]
In recent decades, fish waste is used as a supplier of raw
material for biodiesel [19]. Several compounds have been
successfully isolated from fish waste including fish
proteinhydrolase (fPH) for cryoprotectant [20], collagen
[21] and enzymes [22].

The present study is therefore carried out to investigate the
effectiveness of fishbone, for the removal of nickel ions
from aqueous media.

II. MATERIALS AND METHODS
A. Chemicals

All the chemicals used in this study were of analytical
grade and were used with no further purification. The
metallic solution of Ni**was obtained from a stock standard
(1000 mg/L) of Ni(ll) by Sigma Aldrich. Working solutions
of the desired Ni?* (10, 20 and 30) mg/L were prepared
from the 1000 mg/L stock into a 100ml of distilled water
and then 2 g of the adsorbent was added to it with contact
time (30, 60, 90 and 120 minutes) and pH (2, 4, 7 and 9).

B. Preparation of Fishbones Sorbent

The catfish was collected from the Ebute River along Oja
Odan road, Yewa south Local Government, Ogun State,
Nigeria. The method as described by Kizilkaya et al [23]
was adopted. The catfish was washed and dissected in a
dissecting tray to remove the bones. The collected bones
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were washed several times with hot distilled water to
remove residue and soluble impurities. Then, it was dried in
an oven at 105°C for 48 hours and ground into a fine
powder using mortar and pestle.

C. Biosorption studies

The adsorption capacity of the fishbones was carried
according to the method described by Olayinka et al [24].
At room temperature, 2.0g to 25mL of metal solutions in
the aqueous solution and concentration range of 10-30
mg/L was carried out on a mechanical shaker. The initial
pH of the aqueous was adjusted to the desired pH by adding
0.IM HCI or NaOH. The flasks were shaken for a
predetermined period at room temperature. After the
agitation periods, the nickel loaded adsorbents were
centrifuged at 1200rpm for 5mins and the supernatant was
analyzed for Ni(ll) by Atomic  Absorption
Spectrophotometer analysis (Analyst 200 AA, Perkin
Elmer, USA). Analysis of the blank experiments without
adsorbent for each concentration was also analyzed.
Triplicate analysis was performed for each solution.

The percentage of metal adsorption by the adsorbents was
calculated using equation 1:

Q. (o) = = ®

Where C,= initial concentration in mg/L
C.= final concentration in mg/L

D. Scanning electron microscopy (SEM)

The surface morphologies of fishbones were studied using
SEM (JEOL JSM- 7600F). Samples were coated with a
platinum coating of electrically conducting material,
deposited on the sample either by low-vacuum sputter
coating or by high-vacuum evaporation.

E. FT-IR spectroscopy

The Fourier transform infrared (FT-IR) spectra of the
fishbones were obtained using a PerkinElmer (Waltham,
MA, USA) Spectrum.

I1l.  RESULTS AND DISCUSSION

A. Characterization of fishbones

The surface morphology of the fishbones before adsorption
is presented in Fig. 1. The observation of its surface
revealed that there are pore spaces within its biomass. This
confirmed that fish bone has several numbers of
heterogeneous porous layers which may provide a good
possibility of Ni** to be adsorbed on its surface. Similar
observations were reported by the previous researchers for
the adsorption and removal of zinc (II) from aqueous
solution using powdered fish bones [25]
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Figl: SEM image of fishbone

Fig. 2 and 3 show the Fourier Transform Infrared (FTIR)
results of the fishbone before and after adsorption
respectively. These were carried out to understand better
the functional groups available on the surface of the studied
adsorbent as this is important in understanding the
adsorption process.

From the FTIR spectrum, it was observed that for the metal
fishbone after adsorption, some peaks were altered in terms
of wavenumber which could indicate that these functional
groups were involved in metal binding. The adsorption
band around 3430.17cm?in the raw fishbone which
corresponds to OH stretching [26] frequency shifted to
3436.33cm™ after nickel adsorption. The shift in this band
could be attributed to the presence of water adsorbed in the
samples [27]. The band at 1751.57 cm™ which corresponds
to carbonyl stretching mode [28] observed in the raw
adsorbent shifted to 1694.21 cm™and is attributed to the
presence of carbonyl groups. Some functional groups, such
as hydroxyl and carbonyl groups on the surface, could be
responsible for the removal of nickel ions by fish bone
adsorbent[28]. The band at 2966.00 cm™  which was
observed before adsorption corresponds to C-H bonding
which shifted to 2929.50 cm™ after adsorption of nickel
ions [25,29]. This is attributed to stretching and bending
modes of alkane and alkene groups after nickel exposure.
The intensities of C-H and C=C bands at 1417 and 870 cm™
in (Fig.2), were reduced which could indicate adsorption of
Ni metal ions on the adsorbent [29] after nickel adsorption
in (Fig.3).
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Fig.2: FTIR spectra of fish bone before adsorption
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Fig. 3: FTIR of the fishbone after the adsorption process.

B. Effect of contact time

The effect of contact time on the adsorption efficiency of
Ni using powdered fishbones at pH 2, 7 and 9 with metal
ion concentration of 20ppm is shown in figure 4. It was
observed that the maximum adsorption for Ni metal was
achieved within 30 minutes at pH 7 with its adsorption
efficiency being 98.08 %.Adewoye, et al, [29], suggested
that the adsorption process was rapid at 30 minutes due to
the availability of active adsorption sites. It was observed
that at pH 9, there is a decrease in the adsorption efficiency
as the contact time increases. This could be attributed to the
slow rate at which the diffusion occurs between the
particles of the metal ion and the adsorbent and electrostatic
hindrances [30].
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Fig. 4: Effect of contact time of the adsorption of Ni(ll) ions.

C. Effect of pH

The adsorption capacity of the adsorbents as a function of
hydrogen ion concentration (pH) at a contact time of 30, 60
and 90 minutes was determined. The pH value of the
solution range from pH 2 to 9 was used and the results for
the adsorption of Ni are shown in Figure 5.

The effect of pH is a controlling factor for any kind of
metal adsorption process from aqueous solution [31]. This
result showed that the optimal pH for adsorption was found
to be 7.0, which indicates that the maximum percentage of
removal occurred in a neutral medium.

At low pH values the decreased adsorption of the metal
may be as a result of competition for binding sites between
the cations and anions. Nevertheless, at high pH values, the
positively charged nickel ions are expected to be attracted
by the negatively charged nickel ions [32].

The optimum pH values obtained in this study were similar
to the values reported by Adewole et al for the adsorption

of Ni(ll) ions from contaminated water using sorghum
bicolor [29].
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Fig. 5: Effect of pH on the adsorption of Ni(ll) ions

D. Effect of initial concentration

The results for the effects of concentration on the
adsorption of Ni are shown in figure 6. The results show
that the removal efficiency increased from 87-94 % at pH 2,
78-95 % at pH7 and reduced to 91-89 % at pH 9.

This indicates that at higher concentrations, more molecules
of the nickel ions competed for available binding sites of
the adsorbent than at lower concentrations. Similar trends
were reported in the literature [32, 28].
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Fig.6: Effect of initial concentration on the adsorption of Ni(ll) ions

IV. CONCLUSION

This work indicates the potential of using Fishbone as an
effective adsorbent for the removal of Ni(ll) ions from
aqueous solutions. Two grams of powdered fishbone is
found enough to remove 98.08 % of Ni(ll). The best
adsorption conditions was at pH 7.0, initial metal
concentration of 20ppm and 30 minutes reaction time.
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