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ABSTRACT : The presence of Cr(VI) in the chemical waste have the potential to pose significant risks to
human health and environments. However, the conventional heavy metal removal have limitations where there
are need to introduce alternative treatments. Recently, there have been considerable interests in biosorption of
heavy metal using fungus. In the present study, the effectiveness of Cr(VI) removal from chemical waste was
evaluated by utilizing living white root fungus (mushroom) viz., Pleurotus ostreatus. Pleurotus ostreatus was
best growth at pH 9 and 25°C. The effects of pH, temperature and contact time were evaluated during the
treatment. The best operating treatment process was found at pH 5.0 with agitation speed of 150 rpm and
temperature of 25°C. Throughout the research, the percentage of removal was found increased with the
increasing of contact time between P.ostreatus and liquid laboratory chemical waste. The percentage removal
of Cr(VI) at pH 5 is the highest with 20.71% followed by pH 7, 18.89% and pH 9, 18.42%. FTIR analysis
proved the involvement of carboxylic (-COOH) and amide (-NH;) groups on the cell wall of P.ostreatus were
known involved in the adsorption process. This validates that Pleurotus ostreatus is a potential biosorbent for
laboratory chemical waste treatment.
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l. INTRODUCTION

The rising interest in research activities has lead to the increasing disposal of chemical waste in the
environment. In Malaysia, the Department of Environment (DOE) had notified that that the generation of
schedule waste was steeply increased from 1.1 million tonnes to 1.7 million tonnes from 2006 to 2009 [1]. This
figure can be expected to be increase with the growing of research activities. Obviously, chemical waste
contains heavy metals and classified as hazardous waste which cannot be eliminated by physical and chemical
treatment but only stabilized [2]. The difficulty in the treatment of chemical waste was because of their complex
compositions as compared to industrial wastewater [3]. The difficulty was contributed by wide variation of
chemicals involve, the difference in chemical waste generation and operations which always changing
depending on research objectives [4].

The stricter regulation on maximum acceptable concentrations of toxic heavy metals in wastewater
discharged into water and drinking waters set up by government had lead researchers to search for suitable
treatment methods. Previously, removal of heavy metal from liquid laboratory chemical waste usually achieved
through physical chemical process or incineration before discharging into natural body water system [2, 5]. It
was including of chemical precipitation [4], electrochemical treatment, reverse osmosis, ion exchange and
adsorption on adsorbents [6]. Unfortunately, the available treatments have drawbacks such as generating toxic
sludge product from treatment which require another special treatment with great difficulty [7]. Other than that,
the removal was ineffectiveness when involving low metals ion concentrations in the range 1-100 mg/L [8] as
well as high cost adsorbent.

Therefore, the present study had came out with a novel technologies in developing an alternative
treatment process by biological treatment to treat chemical waste in a more environmentally friendly,
economical and effective way [9]. Biological treatment utilized natural materials of biological origin such as
microbial including bacteria, algae or fungi. Fungi are significantly in reducing the concentration of heavy
metals from ppm to ppb level and had emerged as potential treatment methods [8]. Recently, microbial potential
have been utilized extensively in wastewater treatment mainly in the removal of metal contaminated effluent
[10] and few biomaterials had been recognized as highly potential in chemical waste treatment including
coconut coir [11]. P.ostreatus is one of the potential biomass for heavy metal removal from synthetics solutions
as well as wastewater effluent from electroplating industry [12, 13]. However, P.ostreatus is not yet being
applied in the removal of heavy metal from liquid laboratory chemical waste. Therefore, the aims of this study
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were to evaluate the potential of P.ostreatus in the removal of heavy metal from liquid laboratory chemical
waste treatment and to study the influences of pH, temperature and contact time on the heavy metals removal.

1l MATERIALS AND METHODS

2.1 Sample and microorganism preparation

Sample of chemical waste was taken from undegraduate student activities in laboratory and was kept in
refrigerant at 4°C prior to characterize and treat (APHA, 2005). Microorganism P.ostreatus was purchased from
C&C Mushroom Cultivated Farm located in southern state of Johor, Malaysia and periodically grows.
P.ostreatus was cultivate in a Petri dish containing Potato Dextrose Agar (PDA)(Merck) at pH 7 until
sporulation for 7 days. Then, the inoculums were prepared by transfering three mycelium agar plugs (8 mm
diameter) taken from the edge of white colony PDA into 250 mL Erlenmeyer flask containing 100 mL of malt
extract (ME) solution. ME was prepared by adding 20g of ME powder into 1000 mL of distilled water at pH 5.
Then, P.ostreatus was incubated at 28°C for 15 days and agitated in orbital shaker at 150 rpm. During the
course of growing, the activties were done under laminar flow cabinet to prevent external microbial influence.
The growth medium and glassware used in the cultivation were sterelized at 121°C and 124kPa for 2 hours in
autoclave. Disinfection of the counter space and laboratory surfaces was achieved by wipping with a solution of
70% ethanol to ensure quality of the cultures. Apparatus were exposed under UV light for 15 minutes before
every use. After incubation period, P.ostreatus’s mycelium was harvested and separated from culture broth by
filtration before washed several time with distilled water until it was free from culture broth. The used
P.ostreatus was sterilized for 30 minutes at 121°C and 124kPa as a post-treatment before sending to respective
authorities for disposal.

2.2 Growing study on P.ostreatus

In order to study the effect of pH and temperature on the growth of P.ostreatus, the pH of ME broth
was adjusted to pH 5, 7 and 9 using 1M HCI and 1M NaOH. The effect of temperature on P.ostreatus growth
was evaluated between 25, 35 and 45°C. In the growth study of P.ostreatus, the observation was done by three
phases which are first, fifth and tenth days. The growth study curve was measured by weight of mycelium
P.ostreatus versus growing day. The growing day was conducted until the growth phase decline.

2.3 Chemical waste characterization

The involvement of functional groups in heavy metal uptake was evaluated by fourier transform
infrared spectroscopy (FTIR). Chemical oxygen demand (COD) was measured according to standard method
using Hach spectrophotometer DR/2800 in mg/L. Heavy metal concentration in chemical waste was determined
using Atomic absorption spectrometer (AAS) (PerkinElmer Analyst 700, USA) with deuterium background
corrector. All measurements were carried out in an air/acetylene flame. A 10 cm long slot-burner head, a lamp
and an air-acetylene flame were used. Waste sample from Chemistry Laboratory at Faculty of Chemical
Engineering was characterized and compared with standard B guideline set up by Department of Environment
(DOE) Malaysia (Table 1). The liquid laboratory chemical sample was from the undergraduate student’s
laboratory experiment known as ‘Determination of Chromium’.

Table 1: Characteristics liquid laboratory chemical waste

Test Parameter Unit Sample 1 Standard B*
Temperature °C 28 40
pH 3.03 9
BODs at 20°C mg/L 20.22 50
COoD mg/L 15, 000 100
Hexavalent Chromium, Cr(VI) mg/L 2.9 1.00

*Environmental Quality Act, 1974 Environmental Quality Regulations (Sewage and Industrial effluents), 1979

2.4 Batch biosorption study

Heavy metals uptake was performed in 250 mL Erlenmeyer flask containing 100 mL desired
concentration of liquid laboratory chemical waste at 25°C and 150 rpm in the incubator shaker. The effect of pH
was studies by varying pH 5, 7 and 9 by adding 1M HCI and 1M NaOH which was adjusted at the beginning of
experiment and not controlled afterwards. 0.2 g wet weight with average size 4-5 mm of living P.ostreatus
pallete was added into 100 mL synthetic metal ions solution and shaking at 150 rpm. About 5 mL of sample
were collected at definite time intervals (2, 4, 6, 24, 48 and 72 hours) while others parameters (agitation speed:
150 rpm, temperature: 25°C, pH 5 ) were kept constants. Experiments were repeated with temperatures 25 and
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35°C and pH 5, 7 and 9. Each experiment was followed by centrifugation and filtration through Whatman filter
paper No.1. The residual filtrates were placed in incubator at 20°C before being analyze by using AAS (Model,
Varian AA 1275 series). For each of experiment blank, 100 mL of chemical waste without P.ostreatus was
shaken simultaneously to determine any adsorption of metal onto the wall of flasks and a control of water with
0.2 g mycelium P.ostreatus was shaken to determine any leaching of metals from mushrooms.

2.6 Analysis of biosorption efficiency
The amount Cr(VI) ions adsorbed by each gram of biosorbent (g) in mg/g and the efficiency of
biosorption (E) in % were calculated using following Equations 1 and 2

g="L xv &)
E= (“;—,Cf) x 100

I
)

Where ¢i is the initial concentration (mg/L); ¢ is the final concentration (mg/L); m is wet weight of the

biosorbent in the aqueous solution (g) and V is volume of aqueous soultion (mL). Experiments were carried out
in triplicates and control experiments were also conducted.

1. RESULTS AND DISCUSSION

3.1 Identification of carboxylic and amide group in P.ostreatus

During the studies, the Fourier transform infrared spectroscopy (FTIR) analysis was carried out to
identify the involvement of functional groups on P.ostreatus cell wall during the removal of Cr(VI) from liquid
laboratory chemical waste. Usually, the cell wall of fungal compromise of carboxyl(COOH), phosphate(PO,),
amide(NH,), thiol(SH) and hydroxide(OH) which are important functional groups during heavy metal ions
binding [14]. Figs. 1 and 2 show the FTIR analysis which pointed out the broad adsorption band wavelength of
NH (3292.7 to 3337.7) cm™ and COOH (1636.6 to 1630.6) cm™. Based on the FTIR result obtained, it can be
concluded that the NH and COOH groups were involved during Cr(VI) removal. According to Javaid et al.
(2011), the involvement of —-NH group was contributed from chitin and chitosan as the major donor at the
P.ostreatus cell wall [12].
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Figure 1: FTIR analysis of Cr(VI) adsorption by P.ostreatus before liquid laboratory chemical waste treatment
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Figure 2: FTIR analysis of Cr(\V1) adsorption by P.ostreatus after liquid laboratory chemical waste treatment.

3.2 Growth study of P.ostreatus

The pH and temperature plays major roles in the growth of living P.ostreatus. A visual examination of
the growth culture of P.ostreatus on the PDA was shown in Figs. 3. On the first day, P.ostreatus was cultivated
on PDA at 28°C Fig. 3(a) and after fifth days, white hype P.ostreatus was quarterly covered on the PDA Petri
dish and is ready to be transferred into 250 mL Erlenmeyer flask for inoculation as shown in the
Fig. 3(c).

Figures 3: The cultivation of P.ostreatus on PDA agar slant. (a) day-1, (b) day-5, (c) day-10

After 10 days, three mycelium agar plugs from PDA containing P.ostreatus culture were transferred into
Erlenmeyer flask containing ME medium and was growth for 13 days in the incubator shaker at 150rpm and
25°C (Fig. 4 (a)). P.ostreatus was grown in the form of spherical pellets of dull white color (Fig. 4(b)).
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Figure 4: The inoculation of P.ostreatus (a) ME broth on rotator shaker (b) P.ostreatus in ME

The growth study of P.ostreatus was measured by weight of mycelium growth and it is shown from Fig. 5 that
P.ostreatus exhibits a typical S-shaped curve. The growth curve of P.ostreatus is similar to Wu et al. (2003) on
Pleurotus tuber-regium [15]. Typically, the growing of fungi is rapidly in the beginning and followed with an
exponential growth phase and plateau or known as stationary phase. However, after that the growing was
declined. The P.ostreatus mycelium experienced lagged phase growth for period four days where the rate of
growth or cell division was slower. However, the growth increased rapidly until seven days during exponential
growth phase until fixed nutrient was enough for growth. During that time, no noticeable change in P.osteatus
mycelium concentration in the flask or the growing was stationary. Finally, the growth was declined due to the
limited nutrient when the oxygen becomes depleted or metabolic by-products accumulate to toxic level which
inhibited the P.ostreatus growing.
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Figure 5: The growth phase study on P.ostreatus

Cell age of biosorbent will influence on metal biosorption when involving living microorganism [16].
It was believed that the cell at lag phase or early stage growth phase has a higher biosorptive capacity for metal
ion compare to the stationary phase [17]. The inoculation of P.ostreatus at different temperature and pH were
found to produce different palletize size of P.ostreatus. The growing of P.ostreatus as effect of pH between 5, 7
and 9 were shown in Fig. 6 at constant temperature but different pH. The inoculated P.ostreatus resulted in
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different mean size diameter of 3.8 mm, 4.2 mm and 5.2 mm for pH 5, 7 and 9, respectively. It can be observed
that the P.ostreatus growth size was smaller at lower pH compared to higher pH. The largest palletize
P.ostreatus size was found at pH 9 which indicated that the P.ostreatus highly growth in basic condition. Figs.
6(a, b, c) show the diameter size of inoculated fungi at different pH and constant temperature of 25°C.

Figure 6: Diameter size of P.ostreatus inoculated at constant temperature 25°C and different pH a) pH5 b)
pH7 ¢) pH9

The study on the effect of pH 5, 7 and 9 at constant temperature of 35°C on the inoculation of P.ostreatus was
shown in Fig. 7. The inoculation of P.ostreatus produced different mean size diameter of 3.4, 3.6 and 4.0 mm
for pH 5, 7 and 9. The effect of pH towards the inoculation at 35°C shows the same behavioral pattern with the
inoculation at 25°C where the largest growth was found at pH 9.

Figure 7: Diameter size of P.ostreatus inoculated at constant temperature 35°C and different pH a) pH 5 b) pH 7
c)pH9

To study the effect of temperature on the inoculation of P.ostreatus, the growth temperature was set up at higher
temperature than 35°C which is at 45°C. It can be seen in Figure 8 that there is no existence of P.ostreatus
growth was found at 45°C and at varying pH 5, 7 and 9, respectively.
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Figure 8: Inoculation of P.ostreatus at constant temperature 45°C and different pH a) pH 5 b) pH 7 ¢) pH 9

Therefore, batch biosorption studies were not conducted at a temperature higher than 45°C. This can be
concluded that the suitable inoculation condition for P.ostreatus was at 25°C and pH 9. The best growth
temperature for P.ostreatus was similar with Nwokoye et al. (2006) who observed the best growing temperature
for P.ostreatus was found at 28°C and pH 9 [18].

3.3 Effect of pH in the treatment of liquid laboratory chemical waste

It was found that as the pH increased from 5 to 9 as the biosorption capacity decreased. The highest
removal was observed when initial pH of liquid laboratory chemical waste was at 5 with 13.36% removal
compared to pH 7 (9.46%) and pH 9 (8.90%) at an early 2 hours contact time (Fig. 9). The maximum removal of
Cr(VI) was observed at pH 5 which approached 17.02% comparing to pH 7 (15.10%) and pH 9 (12.59%). The
fact of pH 5 is the best biosorption of metal ions approved by the study of Huang et al. (1988) who found that
metal ions removal was increased with pH greater than 4. At pH 5, the removal of Cr(VI) is faster because the
proton competition between Cr(VI) and H;O" are lower thus increase the potential of Cr(\V1) bind to P.ostreatus
active sites. At this time the affinity of the P.ostreatus surface for Cr(VI) also increase. It was proved from the
studied of Romera et al. (2007)[19]. It was observed at pH 9, the percentage removal of Cr(VI) is the lowest
which maximum uptake at 48 and 72 hours contact time was only 12.59% from 8.90% (Fig. 9). Less biosorption
of Cr(VI) was observed at higher pH of 7 and 9 because of the high competition between metal ions and
hydrogen ions for biosorption available sites [20]. During this pH, the lower removal was caused by the metal
hydrolysis process where formation of hydroxylated complexes of Cr(VI1) [21, 22]. During this time, the
competition between H;O" is lower thus adsorption increase as ionic competition for active sites increased [20].
Nemr et al. (2011) stated that at pH higher than 3 the biosorbent posses more functional group carrying a net
negative charge, which tends to repulse the anions from aqueous solution [9]. It can be seen that pH is one of the
important parameter need to be considered in the biosorption process of heavy metal in liquid laboratory
chemical waste. The selection of pH must be suitable, wherein it is not toxic to P.ostreatus. Based on the result
obtained, the optimum pH in biosorption process was found to be 5.
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Figure 9: Efficiency removal of Cr(V1) from liquid laboratory chemical waste at different pH 5,7 and 9 by
P.ostreatus at 25°C and 150 rpm

3.4 Effect of contact time between P.ostreatus and liquid laboratory chemical waste

It was observed that the rapid uptake of Cr(VI) from liquid laboratory chemical waste at temperature
25°C and pH 5 during the first 2 hours with 190 mg/g biosorption capacity (13.36% removal efficiency) (Fig.
10). Almost similar percentage removal reduction (13.36 % and 13.46%) was observed from 2 hours to 4 hours
because of slower diffusion of metal ions into the interior of the P.ostreatus cell wall [23]. However, the
increasing biosorption capacity and efficiency was observed at contact time 6 hours to 48 hours. It was because
the available sites of biosorption increase as Cr(VI) had adsorb into intracellular of P.ostreatus [24].
Insignificant uptake of Cr(VI) concentration was observed at 48 hours and remained nearly constant until 72
hours where it suggested that the equilibrium condition was achieved. After this period, the amount of Cr(VI)
adsorbed did not significantly change with time.
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Figure 10: Biosorption capacity (mg/g) Cr(VI) concentration removal by P.ostreatus at temperatue at 25°C and

agitation speed at 150 rpm

3.5 Effect of temperature on biosorption by P.ostreatus
It was observed that the biosorption of metal ions decreased with increasing temperature from 25 to 35
°C (Figs. 11, 12, 13). The similar trend on biosorption decreased with increasing temperature which also
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observed by Huiping et al. (2007). It was because of exothermic nature of biosorption process [17]. The pH 5
was observed the highest biosorption capacity at temperature 25°C (189.95 mg/g) as compared to 35°C (104.26
mg/qg) at early 2 hours contact (Fig. 11). It was found that during 2 hours contact time, at pH 7 the biosorption
difference was 33.6 mg/g (Fig. 12) and pH 9 was 124.09 mg/g (Fig. 13). The highly difference biosorption
capacity was observed at pH 9 where at 25°C the Cr(VI) biosorption capacity at 129.08 mg/g and only 4.98
mg/g observed at 35°C at early 2 hours (Fig. 13). The decrease in biosorption capacity is due to damage of
active binding sites at higher temperature [25]. The pH 9 and temperature 35°C showed lowest biosorption
capacity of Cr(VI) (Fig. 13). High pH showed lowest biosorption but too high temperature decreased metal
sorption due to distortion of some sites of the cell surface for Cr(VI) biosorption [26]. Based on the result,
biosorption of Cr(VI) is exothermic process. As a whole, Cr(V1) were effectively adsorbed by P.ostreatus in the
temperature range of 25 to 35°C and maximum absorption was observed at 25°C at all pH (Figs. 11,12,13).
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Figure 11: Graph bar of final concentration of Cr(V1) versus contact time at temperature 25 and 35°C; agitation
speed 150 rpm; pH 5
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Figure 12: Graph bar of final concentration of Cr(V1) versus contact time at temperature 25 and 35°C; agitation
speed 150 rpm; pH 7

250

mpH 9 25°C
200 - pH 9 35°C

150 -
100 -
50 -
0 - : . . : :
2 4 48 72

Time (hours)

Figure 13: Graph bar of final concentration of Cr(VI) versus contact time at temperature 25 and 35°C; agitation
speed 150 rpm; pH 9
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V. CONCLUSION

On the basis of data presented above, P.ostreatus employed in this study is a potential fungus to be
applied for removal of toxic heavy metals from liquid laboratory chemical waste. It was observed that there are
involvement of two important functional groups, COOH and NH on P.ostreatus in Cr(VI) adsorption. As pH
increased from 5 to 9, the biosorption efficiency decreased. The highest biosorption efficiency was observed at
pH 5 with 17.02% and the lowest was at pH 9 with 12.60% and only 15.11% for pH 7. The best pH condition
for the treatment was at 5 and temperature 25°C. These treatment condition were significantly proven towards
treatment of liquid laboratory chemical waste particularly Cr(\VI). Therefore, the research is significant in
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helping to reduce heavy metals content in liquid laboratory chemical waste. However, research is also need to be
exploring the possibilities P.ostreatus of recovery and regeneration of precious metal ions. If it can happen, it
can protect the environment and hence, contribute to the valuable treatment. Lastly, the research work should be
extended to longer biosorption day for liquid laboratory chemical waste to remove heavy metals at the lowest
concentration.

V. Acknowledgements
The authors are grateful to Research Management Institute (RMI), UiTM Shah Alam for the financial
support to carry out this project through Research Intensive Faculty Excellent Fund and Faculty of Chemical
Engineering for research collaboration.

REFERENCES

[1] P. Agamuthu and D. Victor, Policy trends of extended producer responsibility in Malaysia, Waste Management and Research,
29,2011, 945-953.

[2] J. C. Lou and C. K. Chang, Completely treating heavy metal laboratory waste liquid by an improved ferrite process, Separation
and Purification Technology, 57, 2007, 513-518.

[3] K. C. Bhainsa and S. F. D’Souza, Removal of copper ions by the filamentous fungus, Rhizopus oryzae from aqueous solution,
Bioresource Technology, 99, 2008, 3829-3835.

[4] C. T. Benatti, C. R. G. Tavares, and E. Lenzi, Sulfate removal from waste chemicals by precipitation, Journal of Environmental
Management, 90, 2009, 504-511.

[5] Anon, Kualiti Alam Sdn. Bhd. Website at (on-line http://www.uem.com.my. (15 September 2010). 2009.

[6] F. Fu and Q. Wang, Removal of heavy metal ions from wastewaters: A review, Journal of Environmental Management, 92,
2011, 407-418.
[7] Y. S. Fung and K. L. Dao, Elemental analysis of chemical wastes by oxygen bomb combustion-ion chromatography, Analytica

Chimica Acta, 334, 1996, 51-56.

[8] J. Wang and C. Chen, Biosorbents for heavy metals removal and their future, Biotechnology Advances, 27, 2009, 195-226.

[9] A. El Nemr, A. El-Sikaily, A. Khaled, and O. Abdelwahab, Removal of toxic chromium from aqueous solution, wastewater and
saline water by marine red alga Pterocladia capillacea and its activated carbon, Arabian Journal of Chemistry.

[10] L. Coulibaly, Gourene, G., Agathos, N. S., Utilization of fungi for biotreatment of raw wastewaters, African Journal of
Biotechnology, 1993.

[11] M. H. Gonzaleza, Araujo,G.C.L., Pelizaro,C. B.,Menezes, E.A., Lemos, S.G., Gilberto Batista de Sousa, Nogueira,A. R. A. ,
Coconut coir as biosorbent for Cr (V1) removal from laboratory wastewater, 2008.

[12]  A. Javaid, R. Bajwa, U. Shafique, and J. Anwar, Removal of heavy metals by adsorption on Pleurotus ostreatus, Biomass and
Bioenergy, 35, 2011, 1675-1682.

[13]  A.Javaid and R. Bajwa, Biosorption of Cr(I11) ions from tannery wastewater by Pleurotus ostreatus, Mycopath, 5, 2007, 71-79.

[14] G. Bayramoglu and M. Y. Arica, Removal of heavy mercury(ll), cadmium(ll) and zinc(Il) metal ions by live and heat
inactivated Lentinus edodes pellets, Chemical Engineering Journal, 143, 2008, 133-140.

[15]  J.-Z. Wu, Cheung, P. C. K., Wong, K-H, Huang, N-L., Studies on submerged fermentation of Pleurotus tuber-regium (Fr.)
Singer-Part 1; Physical and chemical factors affecting the rate of mycelial growth and bioconversion efficiency, Food Chemistry,
81, 2003, 389-393.

[16] N. Goyala, Jaina,S.C., Banerjee, U.C. , Comparative studies on the microbial adsorption of heavy metals, Advances in
Environmental Research, 7, 2003, 11-319.

[17]  A. Kapoor and T. Viraraghavan, Heavy metal biosorption sites in Aspergillus niger, Bioresource Technology, 61, 1997, 221-227.

[18] Nwokoye A. I., Kuforiji 0.0., and O. P.l., Stusies on Mycelial Growth Requirements of Pleurotus Ostreatus (Fr.) Singer,
International Journal of Basic & Applied Sciences, 10, 2006.

[19] E. Romera, Gonzalez, F., Ballester, A., Blazquez, M. L., Mufioz, J. A., Comparative study of biosorption of heavy metals using
different types of algae, Bioresource Technology, 98, 2007, 3344-3353.

[20] F. Beolchini, F. Pagnanelli, L. Toro, and F. Veglio, Biosorption of copper by Sphaerotilus natans immobilised in polysulfone
matrix: equilibrium and kinetic analysis, Hydrometallurgy, 70, 2003,101-112.

[21]  R.Vimalaand N. Das, Biosorption of cadmium (I1) and lead (I1) from aqueous solutions using mushrooms: A comparative study,
Journal of Hazardous Materials, 168, 2009, 376-382.

[22] S. Schiewer and S. B. Patil, Modeling the effect of pH on biosorption of heavy metals by citrus peels, Journal of Hazardous
Materials, 157, 2008, 8-17.

[23]  H. Aydin, Y. Bulut, and C. Yerlikaya, Removal of copper (II) from aqueous solution by adsorption onto low-cost adsorbents,
Journal of Environmental Management, 87, 2008, 37-45.

[24]  F.Veglio'and F. Beolchini, Removal of metals by biosorption: a review, Hydrometallurgy, 44, 1997, 301 -316.

[25]  A. Ozer and D. Ozer, Comparative study of the biosorption of Pb(I1), Ni(ll) and Cr(VI) ions onto S. cerevisiae: determination of
biosorption heats, Journal of Hazardous Materials, 100, 2003, 219-229.

[26] J. Wang and C. Chen, Biosorption of heavy metals by Saccharomyces cerevisiae: A review, Biotechnology Advances, 24, 2006,
427-451.

WwWw.irjes.com 39 | Page



