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 Pleurotus spent mushroom compost has been identified as a potential biosorbent for 

Fe(III) ions removal. It is easily available in bulk quantities and a good source as raw 

material for biosorbent. Several analytical techniques have been conducted to 
investigate the changes in physical and chemical properties of Pleurotus spent 

mushroom compost, before and after Fe(III) ions biosorption. These include Brunauer 

Emmett-Teller (BET) surface area analysis, Scanning Electron Microscopy 
(SEM)/Energy Dispersive X-ray Spectroscopy (EDX) analysis and Fourier 

Transformed Infrared Spectroscopy (FTIR) analysis. The study only focused on the 

removal of Fe(III) ions by Pleurotus spent mushroom compost. The SEM analysis 
showed that the biosorbent have a rough and a porous surface morphology that 

increases the total surface area for the biosorption of Fe(III) ions. The EDX analysis 

showed the presence of Fe(III) ions onto the surface of Pleurotus spent mushroom 
compost after biosorption process. The changes in the FTIR spectra show that the 

carboxyl, hydroxyl and amide functional groups play an important role in Fe(III) ions 

biosorption. Based on the physical and chemical characterization, it indicated that the 
Pleurotus spent mushroom compost could be used as a biosorbent for Fe(III) ions 

removal. 
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INTRODUCTION 

 

Biosorption has been highlighted as a low-cost alternative technology for heavy metals removal. 

Biosorption is defined as the removal of substances from a solution by biological material [1]. A large number 

of biological materials have been identified as potential biosorbent for heavy metals removal. However, for 

practical and process scale-up, several factors should be considered in selecting biosorbent, such as easily 

available in large quantities and economical [2,3,4]. Abundant natural waste materials from industrial and 

agricultural activities, presents a potential as a source of inexpensive biosorbent [5, 6]. The use of agricultural 

waste materials is gaining importance because this waste is unused and in many cases cause a serious disposal 

problem [7]. Several studies focused on the application of agricultural waste as biosorbents such as tea waste 

[7,8], corn chaff [9], rubber tree sawdust [10], chitosan-tripolyphosphate beads [11], peanut shell [12], green 

tomato husk [13] and rice husk [14,15].  

The Pleurotus spent mushroom compost, which is an agricultural byproduct generated by oyster mushroom 

cultivation is a promising biosorbent for heavy metals removal. The spent mushroom compost contains of 

Pleurotus mycelium, rubber tree sawdust, rice bran, recycled spent mushroom compost and limestone [16,17]. It 

is easily obtained in large quantities. On average, about 24 tons per month of spent mushroom compost are 

discarded by mushroom farms [16]. Furthermore, the lignocellulosic composition of  rubber tree sawdust which 

is contained cellulose (45 – 50%) and lignin (23 – 30%), both with a capacity for binding metal cation due to 
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hydroxyl, carboxylic and phenolic groups present in their structure [18]. Mostly, the unused spent mushroom 

compost is openly burned in the field or disposed in the municipal solid waste landfill. Therefore, biosorption 

using Pleurotus spent mushroom compost as biosorbent seem to be a sustainable technology for the removal of 

heavy metal ions from industrial effluents. Consequently, this method not only can remove the heavy metal ions, 

but also will solve the problem of waste disposal. 

The aims of the study are to investigate and assess the suitability of Pleurotus spent mushroom compost as 

biosorbent for Fe(III) ions removal based on the changes in physical and chemical properties. This includes 

investigation on the raw biosorbent of Pleurotus spent mushroom compost and the biosorbent saturated with 

Fe(III) ions. 

 

MATERIALS AND METHODS 

 

Preparation of Biosorbent: 

The sample of Pleurotus spent mushroom compost was collected from C & C Mushroom Cultivation Farm 

Sdn. Bhd., Johor, Malaysia. The sample was autoclaved (Hirayama HVE-50) at 121°C, under pressure of 18 psi 

for 15 minutes and then dried in an oven at 60ºC for 48 hours. The dried sample was ground and sieved to the 

particle size of less than 710 μm. After that, it was washed three times using ultrapure water to remove 

contaminants and impurities. Finally, the sample was dried in an oven at 60°C and kept in the drying cabinet. 

 

Preparation of Fe(III) Solution: 

The aqueous solution of  Fe(III) was prepared using analytical grade Iron(III) nitrate nonahydrate (Fe 

(NO3)3. 9H2O). A stock solution (1000 mg/L) of Fe(III) was prepared by dissolving the appropriate amount of 

Fe (NO3)3. 9H2O in ultrapure water. It was further diluted to obtain required concentrations. 

 

Biosorption Study: 

The batch biosorption experiment was conducted by adding 0.4 g of Pleurotus spent mushroom compost 

into an Erlenmeyer flask containing 50 ml of Fe (III) ions solution. Then, the flask was placed in an incubator 

shaker and operating at 125 rpm and temperature of 25 ± 1ºC. The operating parameters of initial pH 4, 60 

minutes contact time and 50 mg/L initial Fe(III) concentration were selected in this study. The sample was 

filtered through Advantec 5C filter paper with a pore size < 5 μm. Then, the biosorbent sample saturated with 

Fe(III) ions was analyzed for SEM/EDX and FTIR analysis. 

 

Brunauer Emmett Teller (BET) Analysis: 

The specific surface area and total pore volume of raw Pleurotus spent mushroom compost were measured 

by a surface area analyzer, TriStar 3000 (Micromeritics, USA) using a BET method (Brunauer Emmett-Teller 

nitrogen adsorption technique). About 0.2569 g of biosorbent was degassed at 473 K temperature for 90 minutes 

to remove any contaminants that may be present on the surface and the nitrogen gas adsorption/desorption was 

performed at 77 K. 

 

Scanning Electron Microscopy (SEM)/Energy Dispersive X-ray Spectroscopy (EDX) Analysis: 

The surface morphology and elemental composition of Pleurotus spent mushroom compost (before and 

after Fe(III) ions biosorption) were analyzed using a Scanning Electron Microscopy combined with Energy 

Dispersive X-ray (Hitachi S-3400N/Horiba EX-250) at an accelerating voltage of 10 kV. The SEM images were 

set at a magnification of 3000x. The sample was prepared by dispersing dry powder of Pleurotus spent 

mushroom compost on double sided conductive adhesive tape. The elemental composition of the biosorbent 

surface was analyzed using EMAX software. 

 

Fourier Transform Infrared (FTIR) Spectroscopy Analysis: 

The possible functional group presence in the Pleurotus spent mushroom compost samples (before and after 

Fe(III) ions biosorption) were investigated by Fourier Transform Infrared Spectroscopy (FTIR) (Perkin Elmer, 

Model Spectrum RX). Once the ATR crystal area was cleaned with acetone and an infrared background was 

collected, the sample was placed on the Universal diamond ATR top-plate. A pressure arm was applied to the 

sample and pushing it onto the diamond surface. The sample was scanned in the wavelength range of 650 - 4000 

cm
-1

 at a resolution of 4 cm
-1

. All the results were analyzed using spectrum v5.3.1 FTIR software. 

 

RESULTS AND DISCUSSIONS 

 

The physical characterization of Pleurotus spent mushroom compost such as specific surface area, total 

pore volume and surface morphology were conducted by BET method and SEM analysis, respectively. 

Conversely, the chemical characterization of Pleurotus spent mushroom compost such as elemental composition 



3                                                                          Suhaimi, A.T., et al, 2014 

Advances in Environmental Biology, 8(15) Special 2014, Pages: 1-6 

 
and functional group were determined using EDX and FTIR analysis, respectively. The specific surface area of 

biosorbent obtained by BET method was 1.2229 m²/g and the total pore volume (P/Po = 0.9730) was 1.14 x 10
-4

 

cm³/g. Analysis of surface morphology and elemental composition on Pleurotus spent mushroom compost 

before and after biosorption were conducted using SEM/EDX analysis. Figure 1 shows the SEM micrographs of 

the Pleurotus spent mushroom compost sample, before and after Fe(III) ions biosorption. Figure 2 shows the 

EDX spectra of Pleurotus spent mushroom compost sample, before and after Fe(III) ions biosorption. The 

presence of functional groups can be obtained from IR studies. FTIR spectra for the Pleurotus spent mushroom 

compost, before and after Fe(III) ions biosorption are shown in Figure 3.  

 

 
Fig. 1: SEM micrograph of Pleurotus spent mushroom compost (a) Before biosorption, 1500x magnification 

(small picture; 3000x magnification), and (b) After Fe(III) ions biosorption, 1500x magnification 

 

  
                                        (a)                                                                                         (b) 

 

Fig. 2: EDX spectra of Pleurotus spent mushroom compost (a) Before biosorption and (b) After Fe(III) ions 

biosorption 

 

 

Element Weight% Atomic% 

        
C K 60.26 67.99 

O K 36.48 30.90 

Ca K 3.26 1.10 

   

Totals 100.00  

 

Element Weight% Atomic% 

        
C K 28.17 44.72 

O K 36.08 42.99 

Ca K 0.66 0.31 

Fe L 35.09 11.98 

 

Totals 

 

100.00 
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Fig. 3: FTIR spectra for Pleurotus spent mushroom compost biosorbent (a) Before biosorption and (b) After Fe 

(III) ions biosorption 

 

The biosorbent, Pleurotus spent mushroom compost have a rough and porous structure as shown in Figure 

1 (a). It also observed that the surface of biosorbent is full with cavities. Due to the porosity and cavities 

characteristics, it favors the increase of internal surface area, where Fe(III) ions can enter and subsequently 

adsorbed on the surface of biosorbent. In addition, it also could reduce the diffusion resistance and facilitate the 

particles mass transfer due to their large internal surface [17, 19]. Hence, suggesting the biosorbent has a high 

surface area and it can be confirmed through the BET analysis. The specific surface area of biosorbent obtained 

by BET analysis was 1.2229 m²/g and the value is considered higher compared than other biosorbents (0.68 - 

1.05 m
2
/g) [13, 18, 20]. Nevertheless, after Fe(III) ions biosorption, there are significant changes to the surface 

morphology of biosorbent. Some of porous surface cannot be observed and it created a smooth layer on the 

biosorbent surface. Investigation of elemental composition on Pleurotus spent mushroom compost using EDX 

analysis shows the elements such as carbon, oxygen and calcium were appearing on the graph before and after 

Fe(III) ions biosorption (Figure 2). However, the percentage of weight and atomic of C, O and Ca tend to 

decrease after Fe(III) ions biosorption as shown in Figure 2 (b). Similar observation also has been reported by 

Tay [17]. The EDX analysis also detected a peak of Fe appears after metal binding and hence, confirmed the 

presence of Fe(III) ions on the biosorbent surface.   

Before biosorption, several bands were identified from the FTIR spectra of Pleurotus spent mushroom 

compost. The band at around 3279 cm
-1

 represents stretching of O–H bonds of hydroxyl groups [10, 20, 21, 22]. 

The peak at 2903 cm
-1

 is indicative of Alkyl C-H stretching and O-H carboxylic acid [10, 19, 21]. The peak at 

1629 cm
−1

 corresponds to N-H bending and C=O stretching in amides [10, 13, 23]. The peak at 1319 cm
−1 

can 

be attributed to C-O stretching of COOH or C–N amides [17, 20, 24]. The peak at 1236 cm
−1

 represents 

stretching of C–O groups from carboxylic acids, C–N stretching and N–H bends [20]. However, some changes 

of the FTIR spectra were observed after Fe(III) ions biosorption. The band at 3279 cm
-1

 shifts to 3280 cm
−1

. 

Also the peaks at 2903 cm
-1

, 1629 cm
-1

 and 1236 cm
-1

 shifts to 2905 cm
-1

, 1638 cm
-1

 and 1234 cm
-1

, 

respectively. Thus, the FTIR analysis suggested that carboxyl, hydroxyl and amides functional groups may 

provide the binding sites for Fe(III) ions by Pleurotus spent mushroom compost. The shift of the bands indicates 

that carboxyl, hydroxyl and amide groups may react with Fe(III) ions during the biosorption process [20]. 

Literatures shows that hydroxide ions (OH
-
) favors to react with Fe(III) ions via complexation and precipitation 

reaction and formed Fe(OH)3 [25, 26]. Similar functional groups also reported by others researcher for heavy 

metals biosorption [10, 17]. 

 

Conclusions: 

The suitability of Pleurotus spent mushroom compost for Fe(III) ions removal has been investigated and 

several changes in the physical and chemical properties of biosorbent after biosorption processes were observed. 

The SEM image shows a rough porous surface morphology of raw biosorbent. However, after Fe(III) ions 

biosorption, a smooth surface was appeared. While, the EDX spectra revealed the presence of Fe(III) ions after 

 (b) After Fe(III) ion biosorption  

(a) Before biosorption  
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biosorption, which indicated the biosorption of Fe(III) ions onto the biosorbent surface. The FTIR spectra 

analysis suggested that the carboxyl, hydroxyl and amide functional groups were present on the surface of 

Pleurotus spent mushroom compost and may involve in the biosorption process. In conclusion, the physical and 

chemical characterization studies showed that the Pleurotus spent mushroom compost can be used as a potential 

biosorbent for Fe(III) ions removal. 

 

ACKNOWLEDGMENTS 

 

We are grateful for the university resources provided by Universiti Teknologi MARA, Malaysia. Special 

acknowledge to the Ministry of Education (MOE), Malaysia for granting us financial support under the Long 

Term Research Grant (LRGS) (203/PKT/6720004). The authors also would like to acknowledge En. Mohd 

Faizal Ab Jalil from the Department of Environment (DOE) for kind information support. 

 

REFERENCES 

 

[1] Gadd, G.M., 2009. Biosorption: critical review of scientific rationale, environmental importance and 

significance for pollution treatment. Journal of Chemical Technology & Biotechnology, 84(1): 13-28. 

doi:10.1002/jctb.1999. 

[2] Volesky, B., 2007. Biosorption and me. Water research, 41(18): 4017–29. doi:10.1016 / j.watres.2007. 

05.062. 

[3] Vieira, R.H., and B. Volesky, 2000. Biosorption: a solution to pollution? International microbiology : the 

official journal of the Spanish Society for Microbiology, 3(1): 17-24.  

[4] Volesky, B. and Z.R. Holan, 1995. Biosorption of heavy metals. Biotechnology progress, 11(3): 235–50. 

doi:10.1021/bp00033a001. 

[5] Tay, C.-C., H.-H. Liew, G. Redzwan, S.-K. Yong, S. Surif and S. Abdul-Talib, 2011. Pleurotus ostreatus 

spent mushroom compost as green biosorbent for nickel (II) biosorption. Water science and technology : a 

journal of the International Association on Water Pollution Research, 64(12): 2425-2432. 

doi:10.2166/wst.2011.805. 

[6] Boujelben, N., J. Bouzid and Z. Elouear, 2009. Adsorption of nickel and copper onto natural iron oxide-

coated sand from aqueous solutions : Study in single and binary systems. Journal of hazardous materials, 

163: 376-382. doi:10.1016/j.jhazmat.2008.06.128. 

[7] Amarasinghe, B M.W.P.K. and R.A. Williams, 2007. Tea waste as a low cost adsorbent for the removal of 

Cu and Pb from wastewater. Chemical Engineering Journal, 132: 299-309. doi:10.1016/j.cej.2007.01.016. 

[8] Malkoc, E., and Y. Nuhoglu, 2006. Removal of Ni ( II ) ions from aqueous solutions using waste of tea 

factory : Adsorption on a fixed-bed column. Journal of hazardous materials, B135: 328-336. 

doi:10.1016/j.jhazmat.2005.11.070. 

[9] Han, R., J. Zhang, W. Zou, H. Xiao, J. Shi and H. Liu, 2006. Biosorption of copper ( II ) and lead ( II ) from 

aqueous solution by chaff in a fixed-bed column. Journal of hazardous materials, 133: 262-268. 

doi:10.1016/j.jhazmat.2005.10.019. 

[10] Zakaria, Z.A., M. Suratman, N. Mohammed and W.A. Ahmad, 2009. Chromium (VI) removal from 

aqueous solution by untreated rubber wood sawdust. DES, 244(1-3): 109-121. 

doi:10.1016/j.desal.2008.05.018. 

[11] Wan Ngah, W.S. and S. Fatinathan, 2010. Adsorption characterization of Pb(II) and Cu(II) ions onto 

chitosan-tripolyphosphate beads: Kinetic, equilibrium and thermodynamic studies. Journal of 

Environmental Management, 91: 958-969. 

[12] Witek-Krowiak, A., R.G. Szafran and S. Modelski, 2011. Biosorption of heavy metals from aqueous 

solutions onto peanut shell as a low-cost biosorbent. Desalination, 265(1-3): 126-134. 

doi:10.1016/j.desal.2010.07.042 

[13] García-mendieta, A., M.T. Olguín and M. Solache-ríos, 2012. Biosorption properties of green tomato husk 

(Physalis philadelphica Lam) for iron , manganese and iron – manganese from aqueous systems. 

Desalination, 284: 167-174. doi:10.1016/j.desal.2011.08.052. 

[14] Krishnani, K.K., X. Meng, C. Christodoulatos and V.M. Boddu, 2008. Biosorption mechanism of nine 

different heavy metals onto biomatrix from rice husk. Journal of hazardous materials, 153: 1222-1234. 

doi:10.1016/j.jhazmat.2007.09.113. 

[15] Chuah, T.G., A. Jumasiah, I. Azni, S. Katayon and S.Y. Thomas Choong, 2005. Rice husk as a potentially 

low-cost biosorbent for heavy metal and dye removal: an overview. Desalination, 175(3): 305-316. 

doi:10.1016/j.desal.2004.10.014. 

[16] Singh, A.D., A. Noorlidah and S. Vikineswary, 2003. Optimization of extraction of bulk enzymes from 

spent mushroom compost. Journal of Chemical Technology and Biotechnology, 78: 743-752. 



6                                                                          Suhaimi, A.T., et al, 2014 

Advances in Environmental Biology, 8(15) Special 2014, Pages: 1-6 

 
[17] Tay, C.-C., 2012. Convergent Studies on Pleurotus ostreatus Spent Mushroom Substrate Compost as a 

Sustainable Heavy Metal Biosorbent. Universiti Malaya. 

[18] Sciban, M., B. Radetic, Z. Kevresan and M. Klasnja, 2007. Adsorption of heavy metals from electroplating 

wastewater by wood sawdust. Bioresource Technology, 98: 402-409. 

[19] Mezaguer, M., 2012. Characterization and properties of Pleurotus mutilus fungal biomass as adsorbent of 

the removal of uranium (VI) from uranium leachate. J Radioanal Nucl Chem, (Vi). doi:10.1007/s10967-

012-1911-y. 

[20] Blázquez, G., M.A. Martín-Lara, E. Dionisio-Ruiz, G. Tenorio and M. Calero, 2012. Copper biosorption by 

pine cone shell and thermal decomposition study of the exhausted biosorbent. Journal of Industrial and 

Engineering Chemistry. doi:10.1016/j.jiec.2012.03.018. 

[21] Ghani, W.A.W.A.K., A. Mohd, G. da Silva, R.T. Bachmann, Y.H. Taufiq-Yap, U. Rashid and A.H. Al-

Muhtaseb, 2013. Biochar production from waste rubber-wood-sawdust and its potential use in C 

sequestration: Chemical and physical characterization. Industrial Crops and Products, 44: 18–24. 

doi:10.1016/j.indcrop.2012.10.017. 

[22] Saha, P. Das, S. Chakraborty and S. Chowdhury, 2012. Batch and continuous (fixed-bed column) 

biosorption of crystal violet by Artocarpus heterophyllus (jackfruit) leaf powder. Colloids and surfaces. B, 

Biointerfaces, 92: 262-70. doi:10.1016/j.colsurfb.2011.11.057. 

[23] Naja, G., C. Mustin, J. Berthelin and B. Volesky, 2005. Lead biosorption study with Rhizopus arrhizus 

using a metal-based titration technique. Journal of colloid and interface science, 292(2): 537-43. 

doi:10.1016/j.jcis.2005.05.098. 

[24] Febriana, N., S.O. Lesmana, F.E. Soetaredjo, J. Sunarso and S. Ismadji, 2010. Neem leaf utilization for 

copper ions removal from aqueous solution. Journal of the Taiwan Institute of Chemical Engineers, 41: 

111-114. doi:10.1016/j.jtice.2009.04.003. 

[25] Moghadam, M.R., N. Nasirizadeh, Z. Dashti and E. Babanezhad, 2013. Removal of Fe ( II ) from aqueous 

solution using pomegranate peel carbon : equilibrium and kinetic studies. International Journal of Industrial 

Chemistry, 4(1): 1-6. doi:10.1186/2228-5547-4-19. 

[26] Rene, P.S., M.G. Philip and M.I. Dieter, 2003. Environmental Organic Chemistry. John Wiley & Sons, Inc., 

Hoboken, New Jersey. 


