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1. INTRODUCTION
Copper, is among the heavy toxic metal that can be found in the surrounding environment due to
industrial processes such as production of electricity appliances, battery manufacturing, production of brass
and metallurgical processes [1]. Copper can naturally be exposed through volcanic eruption; fires arising
from forest, in the process of vegetation been decayed as well as dust blown by the wind. Likewise,
anthropogenic ally, power plants, incinerators and iron foundries can all be a source of copper emission [2].
The existence of copper in industrial waste water is normally in the structure of bivalent Cu(II) as a
hydrolysis product or as CuCO3 in the form of organic complexes and its concentration may reach up to 0.10.12g.l-1, which according to the world health organisation water quality standard has to be reduced to
0.0010-0.0015g.l-1 to render it non-toxic in the industrial waste water [3]. When Cu(II) is been ingested too
much into the body more than the limit of > 0.002 g.l-1 it result in the increase in the liver thereby leading to
anaemia, kidney and gastrointestinal problems [4]. Industrial waste water that contains heavy metals beyond
the threshold concentration must undergo treatment before been discharge into the environment. Many
treatment processes exist for the treatment of heavy metal found in waste water and the kind of treatment to
be applied depends on the concentration of the heavy metals in the effluent. The table below shows
concentration of heavy metal in metal finishing wastewater that is not treated [5].
Heavy metal
Cyanide
Zinc
Copper
Nickel
Chromium

Table1 Concentration of heavy metal in metal finishing wastewater that is not treated.
Concentration (mg/l)
1-5
3-5
3-5
5-10
5-10

The treatment methods generally used for heavy metal found in the wastewater comprise: chemical
precipitation, adsorption, ion exchange, chemical oxidation [6], and recently biosorption. The aim of this
review is to highlight the major factors that affect biosorption of copper from aqueous solution.
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2. BIOSORPTION
The ability of materials (biological) to adsorb heavy metals found in waste water through physical or
chemical pathways is termed biosorption [7]. Simply it can be referred as the concentration or binding of
heavy metals from wastewater stream by either dead, inactive or plant based biomass. Biosorption have
several applications in different industries especially the heavy metals processing ones, which include metal
plating, metal processing, mining, battery manufacturing and metal finishing operations. Biosorption is a
new alternative to other methods of heavy metal ions removal from wastewater especially industrial
wastewater, due to their numerous disadvantages like high cost, partial metal removal and generation of
sludge. Low cost, minimisation of sludge production, metal recovery, ability to regenerate the biosorbent and
non-requirement of additional chemicals is what makes biosorption to have more advantages over other
conventional methods [8]. Biosorbents for metal removal comes under different types of categories such as
fungi, bacteria, industrial wastes, algae and agricultural waste [9]. Hence, biosorption is a good applicant for
the removal of toxic metals from large volume and lower concentration of aqueous solutions. Copper metal
removal by biosorption has so far been investigated throughout the last decades using different biosorbents
[10].
2.1 Adsorption Mechanism
For adsorption to occur there must be forces that attract the absorbate to the solid surface in a solution.
This mechanism or forces which attract the absorbate to the solution of the solid interface can either be
physical or chemical [11]. We can also say it is by donor-acceptor complexion mechanism where atoms of
the surface functional group donate electrons to the adsorbate molecules. The position of these functional
groups determines the type of adsorbate/adsorbent bond and therefore, decides whether the process is
chemical or physical [12].
2.1.1. Physical Adsorption
Physical adsorption (physiosorption) is a reversible method in which there is the attraction of molecules
by mechanical forces when the molecules come in contact with the adsorbent. The reversible process
depends basically on the force of attraction between the adsorbate and adsorbent. This type of adsorption is
multilayer which means that each molecule layer forms on the top of previous with the number layers being
proportional to the contaminate concentration [13].
2.1.2. Chemical adsorption
In comparison to physical adsorption, chemical adsorption is an irreversible process which is caused as a
result of the reaction taking place between molecules of the adsorbed substance and the adsorbate. It involves
the formation of covalent or ionic bonds, consumes high energy and it can occur over wide range of
temperature. “Due to its irreversibility, monolayer is expected to form chemisorptions while multilayer is
encountered in physiosorption” [11].
2.2 Factors Affecting Biosorption Cu(II) ions
2.2.1. Effect of pH
One of the most important parameter that affects biosorption process is pH. “At low pH, concentration of
protons is high and the ion exchange sites become solidly protonated”[14]. Solution chemistry of the metals,
metallic ions competition and functional groups activity are all influenced by pH[ 15]. Studies have shown
that the pH solution has an important effect on the biosorption of metal and as the pH solution increases,
there is an increase in cation biosorption [16]. Biosorption of Cu(II) ions on biomass is mainly due to ionic
attraction and at lower pH values the ionic metals are in competition with the H+ in the solution [17].
Studies on the effect of pH on the biosorption of copper have been carried out by the use of different
types of biomass. For example, the biosorption of copper using wheat-shell was pH dependent, where it is
seen that biosorption efficiencies increases from 33% at pH 2 to 95% at pH 5 [18].
Another study by [16] on the biosorption of copper using Spirogyra species reveals that an increase in
pH from 2.5 to 5, the biosorption capacity increases at all the selected Cu(II) ions concentrations. Further
studies by [19] using red alga (Palmaria palmata) and beer draff found that at a low pH value of 1.0 almost
no adsorption happened, but when pH is raised between 5.0 - 6.0, there was an optimum adsorption on both
the materials.
2.2.2. Effect of Temperature
Temperatures have a substantial influence on biosorption. Temperature influence has more effect in a
situation where by metal uptake increases within a temperature range of about 20-300 C, but decreases with
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an increase of temperature above a critical value. An increase of temperature might increase the metal ions
kinetic energy which makes it easier for the metal ions to be attached to the biosorbent surface [20].
Different research have shown that the binding of metal ions to the surface of the biosorbent at a low
temperature is more rapidly, easily and reversible because of low requirement of energy [21].
Studies by [22], on biosorption of Cu(II) ions using teak leaves at different temperatures show that
biosorption decreases with an increase in temperature between 20oC to 40o C, and also the capacity of the
sorption (q) decreases thereby making biosorption affinity to decrease at high temperature. Another study by
[17] shows that biosorption capacities decreased as the temperature increases from 20 to 50 °C. 20oC and
was found to be the optimum between the studied temperature ranges.
Batch biosorption experiments carried out by [23] at a temperature range of 30oC and 50oC shows the
variation of first and second order rate constants with temperature. Both rates increased as the temperature
increases from 30oC - 50oC due to high frequency of contact between the Cu(II) ions and adsorbent particles.
2.2.3. Effect of Biosorbent Concentration
Biosorbent concentration is one of the factors affecting biosorption. Studies have shown in several
researches that as biosorbent dosage increases, the metal uptake decreases. This is as a result of an increase
in the surface area of the adsorbent which in turn increases the number of sites available for binding [24]. In
a study of Cu(II) removal using teak leaves, the biosorption efficiency was found to increase when the
biosorbent concentration was increased [22].
Because of the decrease in surface area per unit of adsorbent [25] found that the equilibrium
concentration of copper increases when adsorbent concentration increases. Due to the increased of pretreated powder waste biosorbent concentration, the first order rate and second order rate constants also
increased, this is due to the increased of binding sites of the biosorbent available [23].
2.2.4. Effect of Metal Concentration
Metal concentration is another factor that affects biosorption process. Studies have verified that at higher
concentration of metal ions the amount of adsorbed ions is greater than the amount at lower concentration
since there are more binding sites for interaction [26]. There is a greater driving force at higher concentration
between the solid and liquid interface thus enabling mass transfer.
The biosorption of Cu(II) ions by wheat shell was studied at several different initial copper
concentrations ranging from 10 to 250 mg/l.
Biosorption efficiencies decreased with the increasing of initial metal concentrations. The initial metal
concentration provides a driving force that overcomes mass transfer resistance of metal ion between the
adsorbent and the biosorbent solution [27].
The biosorption percentage decrease may be due to lack of enough surface area to absorb the available
metal in the solution [28]. Studies by [17] indicated that initial Cu(II) ion concentration is an important
parameter for biosorption of Cu(II) ions by dried activated sludge biomass.
2.2.5. Effect of Particle Size
Particle size of adsorbent is another vital factor that needs consideration in biosorption research. The
surface of contact with the biosorbent and metal ions in solution plays a significant role for biosorption
processes. [17] studied the effect of particle size for the removal of Cu(II) ions using dried activated
sludge. <0.063; 0.63–1.25; 1.25–2.50 mm range of particle size were used and the results shows that
biosorption capacity of Cu(II) ions at equilibrium increase with decrease of particle sizes.
The pseudo-first order and second order kinetic models were determined by [23] for various sizes of
particle pre-treated with powdered waste sludge, the rate constants for both models increased with decreasing
particle size due to larger total surface area of particles at small particle sizes.
2.2.6. Effect of Contact Time
Studies have shown that biosorption efficiency of Cu (II) ions increases by increasing contact time. In
copper adsorption using cone biomass, adsorption occurs in two steps and equilibrium was reached after 60
minutes. Further increase in time do not show any increase in biosorption [25].
Rate of biosorption is normally faster and the removal of the biosorbate normally takes place at the
initial contact time. In Cu(II) ions biosorption using Spirogyra species, biosorption increases with increase of
contact time from 0- 120 minutes [16].

3. CONCLUSION
Pollution of the environment by toxic heavy metals discharge from industrial wastewater is a widespread
phenomenon. Considering the methods for removal of these metals must be given strategies to high removal
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efficiency and at the same time keeping to the minimum. Biosorption readily provides an efficient option to
other physiochemical process of removing toxic metals. But never the less, factors such as the contact time,
particle size, pH, metal concentration as well as biosorbent concentration have a great effect on biosorption.
This study clearly indicates the effect of these factors on Cu(II) ions removal from industrial effluents.

4. References
[1] Klimmek, S. Stan, H. J., Wilke, A., Bunke, G. and Buchholz, R. 2001. Comparative analysis of the
biosorption of cadmium, lead, nickel and zinc by algae. Environ. Sci. Technol, 35, 4283-4288
[2] Vilar, V. J. P., Botelho, C.M.S. and Boaventura, A. A. R. 2008. Copper removal by algae Gelidium, agar
extraction algal waste and granulated algal waste: Kinetics and equilibrium. Bioresour. Technol. 99: 750762
[3] Ekmekyapar, F., Ascan. A., Bayhan, Y. K and Cakici, A. 2006. Biosorption of Cu(II) by nonliving
lichen biomass of Cladonia rangiformis hoffm, J. Hazard Mater.137 (1): 293-298.
[4] Yazici, H., Kilic, M. and Solak, M. 2008. Biosorption of copper (II) by Marrubium globosum subsp.
Globosum leaves powder: Effect of chemical pre-treatment. Journal of Hazard Mater, 151: 669 – 675.
[5] Metcalf and Eddy. (1979). Wastewater Engineering, Treatment, Disposal and Reuse. McGraw-Hill, New
York.
[6] Montgomery, J. M. 1985. Water Treatment Principles and Design. John Wiley and Sons, Inc, USA. 116130.
[7] Fourest, E. and Roux, J. C. 1992. Heavy metal biosorption by fungal mycelial by-products: mechanisms
and influence of pH. Appl Microbiol Biotechnol, 3: 399–403.
[8] Kratochvil, D. and Volesky, B. 1998. Advances in the biosorption of heavy metals. Trendsin
Biotechnology, 16: 291-300.
[9] Vijayaraghavan, K., Yun, Y. S. 2008. Bacterial biosorbents and biosorption. Biotechnology Advances
26: 266–291
[10] Veglio, F., Beolchini, F. 1997. Removal of metals by biosorption: a review. Hydrometallurgy, 44: 301–
16.
[11] Mckay, G. 1996. Use of adsorbents for the removal of pollutants from wastewaters. CRC Press, USA.
[12] Bansal, R.C. and Goyal M. 1995. Activated carbon adsorption, Taylor and Frncis Group.
[13] Chiron N, Guilet R, Deydier E. 2003. Adsorption of Cu(II) and Pb(II) ontograted silica: isotherms and
kineticmodels. Water Res, 37: 3079-3086.
[14] Volesky, B. 2007. Biosorption and me. Water Research. 41: 4017-4029.
[15] Galun, M., Siegel, M., Cannon, M. Siegel, B and Galun, E. 1987.Ultrastructural localization of uranium
biosorption in Penicillium digitatum by stems X-ray microanalysis. Environmental pollution, 43(3): 209218
[16] Gupta, V. K., Rastogi, A., Saini, V. K. and Jain, N. 2006. Biosorption of Copper (II) from aqueous
solutions by Spirogyra species. Journal of Colloid and Interface Science, 296: 59-63.
[17] Gulnaz, O., Saygideger, S., and Kusvuran, E. 2005. Study of Cu(II) biosorption by dried activated
sludge: effect of physico-chemical environment and kinetics study.Journal of Hazardous Materials, 120,
1(3): 193-200.
[18] Basci, N., Erdem, K. and Beyhan, K. 2003.Biosorption of copper (II) from aqueous solutions by wheat
shell. Desalination 164: 135-140
[19] Yang, L., Brigitte H. and Harald H. 2011. Biosorption of Cu(II) Ions from Aqueous Solution by Red
Alga (Palmaria Palmata) and Beer Draff. Materials Sciences and Applications, 2: 70-80
[20] Goyal N., Jain, S. C., Bernajee U. C. 2003. Comparative studies on microbial adsorption of heavy
metals. Advances in environmental research, 7: 311-319
[21] Sag, Y. and Kutsal, T. 2000. Determination of the Biosorption Activation Energies of Heavy Metal Ions
on Zoogloea ramigera and Rhizopus arrhizus. Process Biochemistry, 35: 801-807.
[22] Rathnakumar, S., Sheeja, R. Y. and Murugesan, T. 2009. Removal of Copper (II) from Aqueous
Solutions Using Teak (Tectona grandis L.f) Leaves: World Academy of Science, Engineering and
Technology 56
[23] Pamukoglu, M. Y. and Kargi, F. 2007.Effects of operating parameters on kinetics of copper(II) ion
biosorption onto pre-treated powdered waste sludge (PWS). Enzyme and microbial technology, 42(1):
76-82
[24] Esposito, A., Pagnanelli, F., Lodi, A., Solisio, C. and Veglio, F. 2001. Biosorption of heavy metals by
Sphaerotilus natans: an equilibrium study at different pH and biomass concentration. Hydrometallurgy,
60: 129-141.

P a g e | 315

M. S. Sulaiman

[25] Nuhoglu, Y. Oguz, E. 2003. Removal of copper (II) from aqueous solutions by biosorption on the cone
biomass of Thuja orientalis.Process Biochemistry, 38: 1627-1631
[26] Mukhopadhyay, M., S.B. Noronha and G.K. Suraishkumar. 2008. Kinetic modelling for the biosorption
of copper by pre-treatedAspergillus niger biomass. Bio resource Technology. 98: 1781 1787.
[27] Nemr, A.E. 2009. Potential of pomegranate husk carbon for Cr(VI) removal from wastewater: Kinetic
and isotherm studies. Journal of Hazardous Materials, 161: 132-141.
[28] King, P., Rakesh, N., Beena, S., Prsanna Y. and Prasad V.S.R.K. 2008. Biosorption of zinc onto
Syzygium cumini L: Equilibrium and kinetic studies. Chemical Engineering Journal, 144: 181-187.

