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ABSTRACT

Heavy metal ions are often present in industrial wastewater, and sometimes there is the need to
reduce their concentrations to some certain minimum. Biosorption is one of the methods by which
this reduction can be achieved. The purpose of this study is to explore the biosorption technique
as an alternative to conventional methods such as reverse osmosis, electro dialysis, ultra
filtration, ion-exchange and chemical precipitation in the removal of heavy metal ions from
industrial wastewater. Biosorption of the heavy metals namely cadmium, zinc and silicate were
conducted using Pseudomonas Aeruginosa. Samples of wastewater from an industrial source
were collected in a 2L container and poured into six containers. Measured quantities of the
biomass were then introduced into the samples. The concentrations of heavy metals in the
samples were determined with an atomic absorption spectrometer. The results yielded a
significant reduction in the heavy metal ion concentrations in the samples, with even the highest
initial concentration greatly reduced. Biosorption technique can be a very good alternative to
conventional methods in terms of availability of materials, cost-effectiveness and absence of

precipitates and slurry.
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INTRODUCTION

The occurrence of heavy metals in industrial
wastewater is known to cause serious damage to
aquatic life, beside the fact that these metals Kkill
microorganisms during biological treatment of
wastewater with a resultant delay in the course of
water purification (Wierzba, 2010). Metals are
extensively used in several industries, including
mining, metallurgical, electronic, electroplating and
metal finishing. The presence of metal ions in final
industrial effluents is extremely undesirable, as they
are toxic to both lower and higher organisms. Heavy
metals are defined as metals with a specific weight
usually more than 5.Og/cm3, which is five times
higher than the specific weight of water. The toxicity
of heavy metals occurs even in low concentrations of
about 1.0-10mg/l while some strong toxic metals ions
such as Mercury (Hg), Chromium (Cr), Lead (Pb),
Zinc (Zn), Copper (Cu), Nickel (Ni), Cadmium (Cd),
Arsenic (As), Cobalt (Co), Tin (Sn), etc., are very
toxic even in lower concentration of 0.001-0.1 mgl/l

(Kapoor et al., 1999; Wang and Chen., 2009). A
remarkable increase in the use of heavy metals by
industries over the past few decades has inevitably
resulted in an increased flux of metallic substances in
the aquatic environment. It has been well established
by various researchers that modern industry is to a
large degree, responsible for contamination of the
environment (Olukanni and Ugwu, 2013; Rosa et al.,
2009).

Heavy metal pollution occurs directly by effluent
outfalls from industries such as refineries, fertilizer

and pesticide, metallurgy, iron and steel,
leatherworking, photography, electric appliance
manufacturing, metal surface treating, and

wastewater treatment plants. It also indirectly occurs
through the contaminants that enter the water supply
from soil/ground water systems and from the
atmosphere through rain water (Wang and Chen,
2006; Vijayaraghavan and Yun, 2008; Wang and
Chen, 2009; Olukanni and Ugwu, 2013). Lakes,
rivers and oceans are being overwhelmed with many



toxic contaminants. Jefferies and Firestone (1984),
Olukanni and Adeoye (2012), Olukanni and Ugwu
(2013) expressed that metals may accumulate to
toxic levels causing ecological damage under certain
environmental conditions.

Metals discharged into water bodies are not
biodegraded but undergoes chemical or microbial
transformations, creating large impact on the
environment and public health (Volesky, 1993). Of
the important metals, Hg, Pb, Cd, As and Cr (VI) are
regarded as toxic while Lead, Platinum, Argon,
Aurum etc, are referred to as precious metals.
Uranium and Titanium are known as radionuclide
(Wang and Chen, 2009). However, their extensive
usage and increasing levels in the environment are of
serious concern (Brown and Absanullah, 1971; More,
1990; Volesky, 1990). Various techniques have been
employed for the treatment of heavy metal-bearing
industrial  effluents,  which usually  include
precipitation, adsorption, ion exchange, membrane
and electrochemical technologies (Wierzba, 2010).
However, these techniques are expensive, not
environmentally friendly and usually dependent on
the concentration of the waste which is ineffective in
much diluted solutions (Volesky, 2001; Volesky and
Naja, 2007). The search for efficient, eco-friendly and
cost effective remedies for wastewater treatment has
been initiated (Olukanni and Ducoste, 2011; Olukanni
and Kokumo, 2013). Of the different biological
methods, biosorption has been identified and
demonstrated to possess good potential to replace
conventional methods such as reverse osmosis,
electro dialysis, ultra filtration, ion-exchange and
chemical precipitation for the removal of heavy
metals (Volesky and Holan, 1995; Malik, 2004).

Biosorption refers to the accumulation of metal ions
from solution by microbial or plant material. The
process utilizes inexpensive dead biomass for
selective sequestering of toxic heavy metals and is
particularly useful for the removal of contaminants

from industrial effluents. Some studies have
demonstrated microorganism’s ability to remove
heavy metals from wastewater with better

performance and lower cost (Roane et al., 2005;
Violante et al., 2008; Gadd, 2009, 2010). Many types
of yeast, fungi, algae, bacteria and some aquatic
plants have been reported to have the capacity to
concentrate metals from dilute agueous solutions and
to accumulate them inside the cell structure. (Kapoor
and Viraghavan, 1995; Volesky and Holan, 1995;
Modak and Natarajan, 1996). The early reports from
literature described how abundant biological
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materials could be used to remove at very low cost,
even small amounts of toxic heavy metals from
industrial effluents (Liu et al., 2004; Moon et al.,
2006). The principal advantages of biological
technologies for the removal of these pollutants are
that; they can be out in-situ at the contaminated site,
usually environmentally benign (no secondary
pollution) and they are not so expensive (Kapoor et
al., 1999; Shankar et al., 2007).

Microbial biomass was used as an adsorbing agent
for the removal and recovery of uranium present in
industrial effluents and mine wastewater (Nakajima
and Sukaguchi, 1986). Biosorption by fungi as an
alternative treatment option for wastewater containing
heavy metal has been reviewed by Kapoor and
Viraghavan (1995) and Modak and Natarajan (1996).
Many microbial species such as bacteria, fungi, yeast
and algae are known to be capable of adsorbing
heavy metals on their surface and/or accumulating
within their structure (Campbell and Martin, 1990;
Luef, 1991; Mitani and Misic, 1991; Vinita and
Radhanath, 1992). Therefore, the aim of this study
was to further investigate the toxicity of these metals
(cadmium, zinc and silicate) from solution and to
evaluate the applicability of pseudomonas
aeruginosa for removal of these heavy metals from
industrial wastewater.

MATERIALS AND METHOD

The following materials were used for the laboratory
analysis: a) Atomic spectrophotometer; b) 2 liter can;
¢) 21 Cans of 150 ml; d) Measuring cylinder; e) Two
bottles of pseudomonas aeruginosa; f) Magnetic
stirrer; g) pH meter.

Procedure for analysis of the sample: 0.5 ml of the
pseudomonas aeruginosa biomass was added into
the sample of various quantities, and 40 ml of the
mixture was collected twice from the containers at 20
minutes intervals and metal determinations were
carried out. A pH electrode connected to pH meter
was used to monitor the pH of the solution. Mixing
was achieved with the use of magnetic stirrer. The
research work involved the wuse of atomic
spectrophotometer to determine the metals present.
The following heavy metals were tested: cadmium,
silicon, zinc, lead, iron and copper. The presence of
these metals was confirmed by the Atomic
Absorption Spectrophotometer (AAS).

Calculations:

Equation 1 represents the percentage biosorption of
heavy metal for the experiment % Biosorption =



(l_ ijlOO (1) where: = initial metal concentration
I

F = final metal concentration
RESULTS AND DISCUSSION
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river. The results obtained in this work demonstrate
the potential removal of heavy metals in wastewater
before disposal. Tables 3.1 and 3.2 show the initial
concentration of metals in

initial

and prepared

samples while Table 3.3 shows the results of
The need to remove heavy metals in industrial biosorption.
wastewater is important before disposal to a nearby
Table 3.1 Initial concentration of metals of sample 1
Sample | Mg/l Mg/l Mg/l Mg/l Mg/l Mg/l Mg/l Mg/l Mg/l Mg/l
No. cd* Pb** Fe'" Ni cu® Mg** Na* Al** Zn** Si
1 4.33 Nil 0.01 Nil 0.01 Nil Nil Nil 4.89 3.00

Table 2 shows the increase in the temperature, biomass concentration, and the time interval at intervals
of 10°C, 0.5 Mg/ml, and 20 mins, respectively.

Table 3.2 Prepared samples

Vol. Initial metal concentration Temp Biomass Time pH
°c Conc.

Sample 100m| cd™ S zn*’ Total Mg/ml Mins

unit (mall) (mgll) (mgll) (mall)

Sample A A 5 5 5 15 10 0.5 20 1.2

Sample B B 10 10 10 30 20 1 40 1.6

Sample C C 15 15 15 45 30 15 60 3.2

Sample D D 20 20 20 60 40 2 80 5

Sample E E 25 25 25 75 50 25 100 6.1

Sample F F 30 30 30 90 60 3 120 6.8
Table 3.3 Biosorption results

Volume Final metal concentration % Biosorption of Cd, Si, Zn
Sample unit 100ml cd™ S zn*" Total cd Si Zn
(mg/l) (mg/l) (mg/l) (mg/l)

Sample A A 2.16 3.77 1.98 7.91 57 25 60
Sample B B 3.74 6.89 2.99 13.62 63 31 70
Sample C C 4.08 8.99 2.99 16.06 73 40 98
Sample D D 1.53 6 0.31 2.71 92 56 80
Sample E E 13.17 15.04 11.19 39.4 47 70 55
Sample F F 19.07 21.17 17 57.24 36 49 43
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Graph of Biosorption against temperature
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Fig.1 Effect of Temperature on Biosorption of Heavy metals

The sorption percentage increased with temperature
for the heavy metals and experienced a significant
reduction after the optimum temperature was
reached. The maximum biosorption capacity of the
biosorbent for zinc was achieved at a temperature of

30°C. Further increase in temperature gave no effect
on sorption percentage. Therefore, the optimum
temperature needed for the effective biosorption of
the heavy metals in this experiment for the three
metals ranges from 30°C to 50°C

Graph of Biosorption against Biomass Concentration
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Fig.2 Effect of Biomass concentration on Biosorption of Heavy metals



The influence of biomass concentration on the
percentage sorption of the heavy metals is shown in
Figure 2. The maximum biosorption capacity of the
biosorbent for Cadmium was achieved between
biomass concentrations of 0.5 to 2 mg/ml. Further
increase in biomass concentration beyond 2mg/ml
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gave no effect on sorption percentage. For Silicon,
the optimum bisorption capacity was obtained
between the biomass concentrations of 0.5 to
2.5mg/ml. Also for zinc, the biomass concentration
was achieved between biomass
concentrations of 0.5 to 1.5mg/ml.

Graph of Biosorption against pH
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Fig.3 Effect of pH on percentage biosorption of Heavy metals

The effect of pH on the percentage biosorption of
heavy metals is depicted in Figure 3. For Cadmium,
the sorption increased from 57% at pH 1.2 to 92% at
pH 5.0 and later decreased at pH 6.1. For silicon,
sorption increased from 25% at pH 1.2 to 70% at pH
6.1 and later decreased with an increase in pH. This
implies that an optimum percentage of biosorption

was achieved at pH 6.1. Also for Zinc, the sorption
increased from 60% at pH 1.2 to 98% at pH 3.2 and
significantly decreased with increase of pH. At pH 6.1
and 6.8, it was around 55% and 43%. Figure shows
that the maximum percent of
biosorption was achieved at pH of 3.2, 5.0 and 6.1 for
zinc, cadmium and silicon, respectively.

Graph of Biosorption against Time
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Fig.4 Effect of Time on Biosorption of Heavy metals



An increase in percentage of biosorption was
observed as time increased and later decreased after
a longer time as shown in Fig.4. Therefore, at 60
minutes, 80 minutes and 100 minutes for zinc,
cadmium and silicon respectively, optimum rate of
biosorption was achieved.

CONCLUSION AND RECOMMENDATION
Conclusion: Many aquatic environment face metal
concentration that exceed water criteria design to
protect the environment, animals and humans. Every
essential element is toxic if taken in excess and there
is a safe window for essential dose between
deficiency and toxicity. Biosorption of heavy metals
namely cadmium, Zinc and silicon were conducted
using Pseudomonas aeruginosa. The results
obtained in this experimental work showed that an
increase in pH, Time, Biomass concentration and
temperature to a certain level, caused a significant
increase in sorption percentage. The cadmium
percentage biosorption under optimum condition
resulted to 98% at pH 3.2. Also, percentage
biosorption of silicon under optimum condition
resulted to 70% of sorption at pH 6.1. This implies
that Pseudomonas aeruginosa is a very effective
biosorbent for removal of Cadmium, Silicon and Zinc
in industrial wastewater as evidenced by its
biosorptive capacity.

RECOMMENDATION

Based on the results of this work, it is suffice to
express that it could be more economical and reliable
to use biosorption method to remove heavy metals in
wastewater than any other conventional method such
as reverse osmosis, electro dialysis, ultra filtration,
ion-exchange and chemical precipitation. In addition,
this research method is more preferable to
conventional method because: (1) It minimizes
chemical and biological sludge and (2) There is
possibility of metal and biosorbents recovery.
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