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Abstract - The environmental contamination by heavy metals has been a subject of concern by the authorities and an 
important reason for the development of several studies in this field of research. The lead removal from aqueous solutions by 
adsorption in natural materials has shown promising results. Among the lignocellulosic materials tested in this study, walnut 
shell, chestnut shell, wood and burnt wood, it was possible to consider that a pH range of 4.9 to 6.5 showed the best removal 
indices for all the materials tested. The best removal rate ca. 64%, was found for chestnut shell, with a pH of 4.9. There was 
a trend to lower levels of Cr(VI) removal by increasing the solution pH in all materials. The kinetics of the adsorption 

process fitted a pseudo-second-order reaction with (R2= 0.987- 0.997) for all the samples but the walnutnut shell presents a 
kinetics of the adsorption process fitted a pseudo-first-order reaction with R2= 0.996 which indicated heterogeneity of the 
adsorbent surface and multilayer adsorption of Cr(VI). For all the samples, adsorption fitted well both the Langmuir and the 
Freundlich models but Langmuir presented higher R2= 0.994-0.998. The qmax values estimated by the Langmuir plotting 
were in the range 0.39-1.63 mg/g and the n values from Freundlich isotherms were between 1.56 and 16.05. 

 

Keywords - Hexavalent Chromium, Adsorption, Kinetics, Lignocellulosic Materials, pH, Walnut Shell, Chestnut Shell, 

Wood and Burnt Wood. 

 

I. INTRODUCTION 

 

The situation in Portugal in relation to heavy metals 

has gone a bit unnoticed with regard to the 

consequences of their accumulation in final 
destinations. The warning came in the report of the 

European Environment Agency, published on July 

10, which places two of the Portuguese WWTPs, 

among the 59 companies presented, in the top 3 of the 

most polluting at European level, regarding the 

emission of heavy metals in water environment [1]. 

The rapid industrialization process has led to a large 

increase in chromium use over the last decades, 

resulting in an inevitable increase in the flow of toxic 

substances into the aquatic environment. Humans are 

exposed to chromium in various forms, and it can be 
ingested in many ways, such as by inhalation (Cr 

(VI)), ingestion (food or water), or by direct skin 

contact. When Cr is ingested beyond permitted 

concentrations, it can cause serious health 

consequences. In addition, appropriate treatment 

should be promoted for wastewater containing 

chromium prior to disposal in the environment. 

Chromium (Cr (VI)), that is most common in 

metallurgic industry, is also used in the production of 

pigments, bricks and coatings for ovens, in the leather 

tanning, wood treatment and metallic finishes. 

Therefore, when the chromium is not treated 
correctly, whether in soil, water, wastewater or in the 

air, this element are fatally dangerous, once it could 

be absorbed by animals, vegetables, and become a 

reason for intoxication all over the food chain.  

Whereas, the Cr trivalent exists naturally in the 

nature, the Cr hexavalent is an effect of anthropic 

pollution as atmospheric particle deposition of 

metallurgical industry [2]. 

In the soil Cr (VI) can be stabilized by reducing the 

Cr (III). It is also a natural component of plant tissue 
and concentrations of this metal can vary 

considerably according to plant species, plant tissue 

type and soil type. Although, it is known that Cr (III) 

is essential in human nutrition, there is also some 

evidence that there are detectable concentrations of 

Cr in the plants, but the capture of Cr by plants is 

quite low. The most important route of human 

exposure to Chromium, is feeding through the food 

that is consumed daily, and the consumption of 

cereals and seeds contributes greatly to the 

consumption of this metal. Excessive Cr in the body 
weakens glucose tolerance, increases insulin, 

cholesterol and triglyceride levels in the blood [2]. Cr 

(III) is not considered a carcinogen in humans, while 

Cr (VI) is classified as carcinogenic by The World 

Health Organization and the EPA. The maximum 

allowed Cr (VI) values for potable water is 0.05 

mg/L, and for the discharge of Cr (VI) containing 

wastewater into inland surface waters is 0.1 mg/L and 

for [3]. 

The Chromium trivalent is finding in the soil in a 

form insoluble of Cr oxide and despite being a 

relatively stable compound, if the optimal conditions 
occur, an oxidation for the Cr hexavalent form 

happen. The Cr oxidation rate in the soil may be 

affected by the pH rate, the availability of manganese 

oxides, the presence of organic compounds with low 

molecular weight, and the water activity in the soil. A 
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reduction in the Cr rate in the soil is more effective in 

anaerobic conditions, where a soil and water interface 
is present. This interface improves the reduction of Cr 

due the carbon dioxide increased, which tends to 

lower soil pH. Since oxygen is an electron receptor, 

this element inhibits the reduction of Cr (VI). 

Similarly, soil microbial activity can indirectly 

influence the reduction of Cr (VI) by decreasing 

oxygen concentration and increasing carbon dioxide 

concentration [2]. 

Several technologies for chromium removal such as 

precipitation, adsorption, chemical oxidation-

reduction, ion exchange, electrodeposition, reverse 

osmosis, solvent extraction, ultrafiltration and others 
have been tested and used to remove Cr (VI) from 

effluents [4-8]. Both methods have some advantages 

and limitations. Numerous plant residues and residues 

from agriculture have been studied because of their 

chromium adsorption potential. Examples of 

materials studied are coconut shell, teak shell (tree) 

and powder (wood), rice straw, bran and shell, 

hyacinth roots, and neem leaves and shell [9] and 

chestnut shells [10]. In addition, modified spruce bark 

[11], mangosteen peel [12], sesame stems [13], 

Portulacaoleracea [14], Acacia albida shell and leaves 
of Eucleaschimperi [15], chitosan and carbon 

nanotubes [16], and chestnut shell [17] are commonly 

used as chromium adsorbents. Several studies with 

low cost adsorbent materials have been done, mostly 

with lignocellulosic materials as agro-industrial waste 

[18, 19], industrial wastes [20 – 23] and barks or 

wood powder [24-29]. Furthermore, studies with 

sawdust, treated or untreated, applied in the 

adsorption of chromium were performed by [30]. The 

basic components of lignocellulosic material include 

cellulose, hemicelluloses, lignin, extractives, lipids, 

proteins, simple sugars, water hydrocarbons and 
starch containing several functional groups that 

facilitate complexation which helps the sequestering 

of heavy metals [31,32]. 

Several equilibrium and kinetic studies have been 

developed for the chromium adsorption on 

lignocellulosic materials. The two main studied 

equilibrium isotherms that can simulate well the 

adsorption process are Freundlich and Langmuir 

isotherms which suggest that chromium adsorption on 

lignocellulosic materials is a monolayer adsorption. 

Freundlich equation in the linearized logarithmic 
form gives the plot of log qe (amount of solute 

adsorbed at equilibrium) versus log Ce (equilibrium 

concentration) with a slope 1/n and an intercept of log 

KF. In accordance to [33, 34] a satisfactory 

adsorption tends to have n between 1 and 10, while 

higher values implies stronger interaction between 

biosorbent and heavy metal and an n equal to 1 means 

linear adsorption. The most studied models are 

pseudo-first and -second-order rate models, possible 

due to their simplicity. 

The objective of this study was to verify the Cr (VI) 

removal efficiency in aqueous solution, from the 

biosorption under optimal pH conditions for both 

materials tested. 
 

II. DETAILS EXPERIMENTAL  

 

2.1. Materials 

Walnut shell, chesnut Shell, wood and burnt wood 

were milled in a Retsch SMI mill and sieved in a 

Retsch AS200 for 20 minutes at a speed of 50 rpm. 

Four fractions > 40 mesh (> 0.420 mm), 40-60 mesh 

(0.420 - 0.250 mm), 60 – 80 mesh (0.250 - 0.177 

mm) and < 80 mesh(< 0.177 mm) were obtained and 

dried at 105ºC for at least 24 hours afterwards. The 

fraction used in this study was the powder (< 80 
mesh). 

 

2.2. pH optimization 

Due to this, a range of different pH’s (3.0 to 7.5) was 

tested in order to obtain the ideal pH of removal for 

the four materials under analysis. A solution of 0.1 

mol of NaOH (Sodium Hydroxide) and HCl 

(Hydrochloric Acid) was used for pH adjustment. 

To carry out the studies, a stock solution (K2Cr2O7 

with distilled water) with a concentration of 200 

mg/L of lead was prepared. The analyzes were 
performed for each type of solid material tested, in 

number of three replicates containing 25 mL of 

aqueous solution, with the different pH’s level, and 

100 milligrams of solid adsorbent material, which 

remained constant agitation for 12 hours in a 

horizontal shaker at room temperature. After the 

agitation period, the samples were filtered with paper 

filter by gravity. The method of Spectrophotometry of 

Atomic Absorption by Flame was used to evaluate 

the levels of lead adsorption by the different materials 

in the range of pH tested. 

 

2.3. Adsorption tests 

In order to plot Langmuir and Freundlich isotherms, 

adsorption tests were made with varying chromium 

concentrations from 5 mg/L to 200 mg/L at pH 6.5 

during 12 h. The Langmuir and Freundlich 

parameters were determined by the linearized forms 

of the isotherms. 

For determining the adsorption kinetics, adsorption 

tests were made with 25 mg/L solutions at pH 6.5 

with time varying from 10 to 1440 min (24 h). As 

before, samples were filtered and chromium 
concentration in the solution was determined by 

atomic absorption spectroscopy. 

 

2.4. Adsorption studies 

Several equilibrium studies of heavy metals 

adsorption on lignocellulosic materials have been 

made and different equilibrium isotherms have been 

tested [34]. The most studied isotherms are however 

the Langmuir and Freundlich isotherms. Langmuir 

isotherms can be written has: 
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qe = qmax ∗
KLCe

1+KLCe
 (1) 

whereqe expressed in mg/g represents the quantity 

adsorbed (Chromium) in each g of adsorbent material 

(wood), qmax expressed in the same units corresponds 

to the saturation capacity of the adsorbent material, 

Ce inmg/L is the equilibrium concentration of the 

adsorbate and KL the Langmuir constant. Linearizing 

this equation we obtain the equation 2. 
1

qe
=

1

qmax
+  

1

KLqmax
 ∗

1

Ce
 (2) 

It is possible to obtain a good estimation of the 

saturation capacity (qmax) from the intercept of 

Langmuir plotting of 1/qe vs 1/Ce. 

Freundlich isotherm has been used to describe the 
adsorption of organic and inorganic compounds on 

several adsorbents including biosorbent as stated by 

[34]. The usual form of the Freundlich isotherm is: 

qe = KF ∗ Ce
1
n  (3) 

If we apply a logarithmic function in this equation we 

obtain the linearized form: 

log qe = log KF +
1

n
log Ce (4) 

By plotting log qe vs log Ce we can determine the n 

parameter by the slope of the linear regression. 

 

III. RESULTS AND DISCUSSION 

 

3.1. pH optimization 

Fig. 1reveals the adsorption variation with pH for 

walnut shell, chestnut shell, wood and burnt wood. 

 

 
Fig. 1: Adsorption of chromium as a function of pH for walnut 

shell, chestnut shell, wood and burnt wood. 

 

For walnut shell pH 6.5 presented the best results 

with adsorption around 52%. In this material with the 

variation of pH from 3 to 7.5 the absorption had 

variation from ca. 18-52%. In relation to chestnut the 

best pH is clearly pH 4.9 attaining an adsorption of 

64%, this was the material with the best absorption in 

all the pH test. Finally, the wood and burnt wood 
samples revealed a similar behavior, the best result 

was obtained at pH 6.5 (ca. 42%) and 5.6 (ca. 34%), 

respectively. 

 

3.2. Adsorption Isotherms 

The walnut shell, chestnut shell, wood and burnt 

woodcorrelation coefficients for Langmuir and 

Freundlich isotherms, the KL and KF constants and 

the estimated qmax and nis present inTable 1.Fig 
2.presents the equilibrium adsorption isotherms of 

these samples at a certain initial pH evaluated by 

plottingthe adsorbed Cr(VI) ion (qe) against the 

equilibriumconcentration of chromium ions (Ce) in 

solution. 

 

 
Table 1. Parameters for Langmuir and Freundlich isotherms of 

walnut shell, chestnut shell, wood and burnt wood. 

 

 
Fig. 2: Adsorption isotherms of chromium for walnut shell (a), 

chestnut shell (b), wood (c) and burnt wood (d). 

 

For all the samples, adsorption fitted relatively well 

the Freundlich model with correlation coefficients 

from 0.924 to 0.998. The best results however were 
attained with the Langmuir isotherm with correlation 

coefficients between 0.994 and 0.998. Itcan be 

concluded that the Freundlich adsorption 

isothermwas more appropriate for explaining 

equilibrium thanLangmuir adsorption isotherm.The 

qmax values estimated by the Langmuir isotherm were 

in the range 0.39–1.63 mg/g. Similar results for qmax 

were presented byArgunet al.[35]using modified oak 

sawdustqmax estimated by Langmuir plotting of 1.70 

mg/g. Much lower qmax was reported by Aliabadiet 

al.[36] for sawdust (unknown species) with a qmaxof 
only 0.20 mg/g and Yu et al.[37] with maple sawdust 

with a qmax of 0.19 mg/g. The Freundlich equation 

showed the best results, although it is unable to 

predict the adsorption equilibrium data at extreme 

concentrationsand is not reduced to linear adsorption 

expression at very low concentration [38]. A good 

adsorption is generally mentioned as occurring with n 
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values ranging from 1 to 10 indicating stronger 

interaction between biosorbent and heavy metal.The 
n values obtained in this work ranged between 1.56 

and 16.05, somewhat higher than the ones reported by 

several other using maple sawdust (n = 1.25) [37], 

untreated sawdust (n = 1.30) [36], meranti sawdust (n 

= 1.04) [39] or tamarind (Tamarindusindica) fruit 

shell (n=0.80) [40]. 

 

3.3. Adsorption kinetics 

The first and pseudo-second-order kinetic models 

were applied to the experimental data, and a good 

agreement between the experimental and calculated 

data was found when using the pseudo-first-order 
andpseudo-second-order models (Fig. 2).  

 

 
Fig. 2: Kinetic model for Cr(VI) adsorptionusing Pseudo-first-

order reaction(a) and Pseudo-second-order reaction. 

 

Pseudo-first-order kinetic model and pseudo-

secondorder kinetic model for Cr(VI) adsorption onto 

walnut shell, chestnut shell, wood and burnt wood is 

in Table 2. 
 

 
Table 2.Pseudo 1st and 2nd order kinetics parameters for 

adsorption of walnut shell, chestnut shell, wood and burnt 

wood. 

The kinetics of the adsorption process of heavy 

metals by lignocellulosic materials has been tested 
using different equations[34]. The most commonare 

pseudo-first and pseudo-second order reactions. Table 

2 presentsthe R2for the pseudo-first order and the 

pseudo-second order reaction models for the 

adsorption at pH 6.5. The correlationcoefficient (R2) 

ranged between 0.823 and 0.996for pseudo 1st order 

reactions and between 0.985 and 0.997 for pseudo 

2nd order reactions, indicating that these materials 

adsorption process fits better thepseudo-second order 

reaction model. 

Similar results were presented using sawdust from 

several sources (species werenot mentioned) [26], in 
formaldehydetreated Shorearobusta[24] and withacid-

modified oak (Quercuscoccifera) sawdust treatedwith 

HCl [35]. Differently Meena et al. (2008) reported 

that thechromium adsorption by treated sawdust 

(Acacia arabica) follows a first-order rate. 

The kinetic constants ranged between 1.00×10-4 

and2.70×10-3 min−1 and between 2.23×10-3and 

6.58×10-2 g/(mg×min) for 1st order (k1) and second 

order (k2) kinetics, respectively.The k2for the 

adsorption on meranti sawdust was found to be in this 

range 0.097 g/(mg×min)[39] similar to the one found 
for acid-modified oak (Quercuscoccifera) 

sawdusttreated with HCl 0.115 g/(mg×min)[35] were 

higher to the values obtained in these work. However 

the k2for sawdust 0.003 g/(mg×min) is similar to the 

value obtained for burnt wood. 

 

IV. CONCLUSION 

 

The best pH for the adsorption of chromium on: 

 walnut shell pH 6.5 with adsorption around 52%, 

 chestnut shell pH 4.9with adsorption around 
64%, 

 woodpH 6.5 with adsorption around 42%, 

 burnt wood pH 5.6  with adsorption around 34%. 

The adsorption kinetics fitted well a Pseudo-second-

order reaction and the equilibrium studies revealed 

that the adsorption process fitted better the Langmuir 

equation.This can be a good utilization for these 

waste materials. 

 

ACKNOWLEDGMENTS  
 

We would like to thankthe InstitutoPolitécnico de 
Viseu and CI&DETS for the financialsupport. 

 

REFERENCE 
 
[1] ―Alerta sobre os metais pesados em 

Portugal‖,QuercusAmbiente. 

https://quercusambiente.pt/alerta-sobre-os-metais-pesados-

em-portugal/ (accessed 25.07.19) 

[2] ―CCME. Canadian Environmental Qualities Guidelines, 

Canadian Council of Ministers of the environment‖, 

Manitoba Statuary Publications, Winnipeg, Canada, 1999. 

[3] EPA (Environmental Protection Agency),―Environmental 

Pollution Control Alters‖, EPA/625/5 –90/025, EPA/625/4 – 

89/023, Cincinnati, 1990. 

https://quercusambiente.pt/alerta-sobre-os-metais-pesados-em-portugal/
https://quercusambiente.pt/alerta-sobre-os-metais-pesados-em-portugal/


International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 8, Issue-2, Feb.-2020, http://iraj.in 

Evaluation of Chromium (VI) Adsorption by Lignocellulosic Materials 

 
28 

[4] R. Guell, E. Antico, V. Salvado,C. Fonta’s, ―Efficient hollow 

fiber supported liquid membrane system for the removal and 

pre concentration of Cr(VI) at trace levels‖, Separation and 

Purification Technology, vol. 62, pp. 389–393, 2008. 

[5] F. Gode, E. Pehlivan,―Removal of Cr(VI) from aqueous 

solution by two lewatit anion exchange resins‖, Journal of 

Hazardous Materials B, vol. 119, pp. 175–182, 2005. 

[6] T. Saordohan, E.Kir, A. Gulec, Y. Cengeloglu, ―Removal of 

Cr (III) and Cr(VI) through the plasma modified and 

unmodified ion-exchange membranes‖, Separation and 

Purification Technology, vol. 74, pp. 14–20, 2010. 

[7] L. Yanhui, X. Bing, Z. Quansheng, L. Fuqiang, Z. Pan, D. 

Qiuju, W. Dechang, D. Lil, W.Zonghua, X. Yanzhi, 

―Removal of copper ions from aqueous solution by calcium 

alginate immobilized kaolin‖, Journal of Environmental 

Sciences, vol. 23, pp. 404–411, 2011. 

[8] S. Edebali, E. Pehlivan, ―Evaluation of Cr(III) by 

ionexchange resins from aqueous solution: equilibrium, 

thermodynamics and kinetics‖, Desalination and Water 

Treatment, vol. 52, pp. 7143–7153, 2014. 

[9] B. Singha, T. K. Naiya, A. K. Bhattacharya, S. K. Das, 

―Cr(VI) ions removal from aqueous solutions using natural 

adsorbents - FTIR studies‖, Journal of Environmental 

Protection, vol. 2, pp. 729–735, 2011. 

[10] Z. Y. Ya, J. H. Qi, L. H. Wang,―Equilibrium, kinetic and 

thermodynamic studies on the biosorption of Cu(II) onto 

chestnut shell‖, Journal of Hazardous Materials, vol. 174, pp. 

137–143, 2010. 

[11] S. Liang, X. Guo, S. Lautner, B. Saake, ―Removal of 

hexavalent chromium by different modified spruce bark 

adsorbents‖, Journal of Wood Chemistry and Technology, 

vol. 34, pp. 273–290, 2014. 

[12] K. Huang, Y. Xiu, H. Zhu, ―Removal of hexavalent 

chromium from aqueous solution by crosslinked mangosteen 

peel biosorbent‖, International Journal of Environmental 

Science and Technology, vol. 12, pp. 2485–2492, 2014. 

[13] V. Selen, D. Özer, A. Özer, ―A study on the removal of 

Cr(VI) ions by sesame (Sesamumindicum) stems dehydrated 

with sulfuric acid‖, Arabian Journal for Science and 

Engineering, vol. 39, pp. 5895–5904, 2014. 

[14] A. Mishra, A. Dubey, S. Shinghal, ―Biosorption of 

chromium(VI) from aqueous solutions using waste plant 

biomass‖, International Journal of Environmental Science 

and Technology, vol. 12, pp. 1415–1426, 2014. 

[15] G. Gebrehawaria, A. Hussen, V. M. Rao, ―Removal of 

hexavalent chromium from aqueous solutions using barks of 

Acacia albida and leaves of Eucleaschimperi‖, International 

Journal of Environmental Science and Technology, vol. 12, 

pp. 1569–1580, 2014. 

[16] C. Jung, J.Heo, J. Han, J. N. Her, S. J. Lee, S. J. Oh, J. Ryu, 

Y. Yoon, ―Hexavalent chromium removal by various 

adsorbents: powdered activated carbon, chitosan, and 

single/multi-walled carbon nanotubes‖, Separation and 

PurificationTechnology, vol. 106, pp. 63–71, 2013. 

[17] Vazquez, G., Calvo, M., Sonia, F. M., Freire, S., Gonzalez-

Alvarez, J., &Antorrena, G. (2009). Chestnut shell as heavy 

metal adsorbent: optimization study of lead, copper and zinc 

cations removal. Journal of Hazardous Materials, 172, 1402–

1414. 

[18] H. Aydın, Y. Bulut, Ç Yerlikaya,―Removal of copper (II) 

from aqueous solution by adsorption onto low-cost 

adsorbents‖, J Environ Manage, vol. 87, pp. 37–45, 2008. 

[19] J. Wang, P. Cooper, ―Effect of oil type, temperature and time 

on moisture properties of hot oil-treated wood‖, 

HolzRohWerkst, vol.63, n.6, pp.417–422, 2005. 

[20] S. Cay, A. Uyanık, A. Özaşık,―Single and binary component 

adsorption of copper (II) and cadmium (II) from aqueous 

solutions using tea-industry waste‖, Sep PurifTechnol,vol. 38, 

pp.273–280, 2004. 

[21] E. Malkoc, Y. Nuhoglu,―Fixed bed studies for the sorption of 

chromium (VI) onto tea factory waste‖,ChemEngSci,vol. 61, 

pp. 4363–4372, 2006. 

[22] R. Nadeem, M. A. Hanif, F. Shaheen, S. Perveen, M. N. 

Zafar, T. Iqbal,―Physical and chemical modification of 

distillery sludge for Pb (II) biosorption‖, J. Hazard 

Mater.,vol. 150, pp. 335–342, 2008. 

[23] K. Parvathi, R. Nagendran, R. Nareshkumar,―Lead 

biosorption onto waste beer yeast by-product: a means to 

decontaminate effluent generated from battery manufacturing 

industry‖, Electron. J.Biotechnol., vol. 10, pp. 92–105, 2007. 

[24] S. S. Baral, S. N. Das, P. Rath,―Hexavalent chromium 

removal from aqueous solution by adsorption on treated 

sawdust‖, Biochem. Eng. J., vol. 31, pp. 216–222, 2006. 

[25] R. Djeribi, O. Hamdaoui,―Sorption of copper (II) from 

aqueous solutions by cedar sawdust and crushed brick‖, 

Desalination, vol. 225, pp. 95–112, 2008. 

[26] S. Gupta, B. V. Babu,―Removal of toxic metal Cr (VI) from 

aqueous solutions using sawdust as adsorbent: equilibrium, 

kinetics and regeneration studies‖, Chem. Eng. J.,vol. 150, 

pp. 352–365, 2009. 

[27] M. Rafatullah, O. Sulaiman, R. Hashim, A. 

Ahmad,―Adsorption of copper (II), chromium (III), nickel (II) 

and lead (II) ions from aqueous solutions by meranti 

sawdust‖, J. Hazard Mater.,vol. 170, pp. 969–977, 2009. 

[28] D. Sud, G. Mahajan, M. P. Kaur,―Agricultural waste material 

as potential adsorbent for sequestering heavy metal ions from 

aqueous solutions—a review‖,BioresourTechnol,vol. 99, pp. 

6017–6027, 2008. 

[29] L. J. Yu, S. S. Shukla, K. L. Dorris, A. Shukla, J. L. 

Margrave,―Adsorption of chromium from aqueous solutions 

by maple sawdust‖, J. Hazard Mater.,vol. 100, pp. 53–63, 

2003. 

[30] P. Miretzky, A. F. Cirelli,―Cr (VI) and Cr (III) removal from 

aqueous solution by raw and modified lignocellulosic 

materials: a review‖, J. Hazard Mater.,vol. 180, pp. 1–19, 

2010. 

[31] S. E. Bailey, T. J. Olin, R. M. Bricka, D. D. Adrian,―A 

review of potentially low-cost sorbents for heavy metals‖, 

Water Res.,vol. 33, pp. 2469–2479, 1999. 

[32] A. Hashem, R. A. Akasha, A. Ghith, D. A. 

Hussein,―Adsorbent based on agricultural wastes for heavy 

metal and dye removal: A review‖, Energy Edu SciTechnol, 

vol. 19, pp. 69–86, 2007. 

[33] A. Delle Site,―Factors affecting sorption of organic 

compounds in natural sorbent/water systems and sorption 

coefficients for selected pollutants. A review‖, J. Phys. 

Chem.,vol. 30, n. 1, pp. 187–439, 2001. 

[34] J. Febrianto, A. N. Kosasih, J. Sunarso, N. Indraswati, S. 

Ismadji,―Equilibrium and kinetic studies in adsorption of 

heavy metals using biosorbent: a summary of recent studies‖, 

J. Hazard Mater., vol. 162, pp. 616–645, 2009. 

[35] M. E. Argun, S. Dursun, C. Ozdemir, M. Karatas,―Heavy 

metal adsorption by modified oak sawdust: thermodynamics 

and kinetics‖, J. Hazard Mater.,vol. 141, pp. 77–85, 2007. 

[36] M. Aliabadi, K. Morshedzadeh, H. Soheyli,―Removal of 

hexavalent chromium from aqueous solution by 

lignocellulosic solid wastes‖, Int. J. Environ. Sci. 

Technol.,vol. 3, pp. 321–325, 2006. 

[37] L. J. Yu, S. S. Shukla, K. L. Dorris, A. Shukla, J. L. 

Margrave,―Adsorption of chromium from aqueous solutions 

by maple sawdust‖, J. Hazard Mater., vol. 100, pp. 53–63, 

2003. 

[38] J. Febrianto, A. N. Kosasih, J. Sunarso, N. Indraswati, S. 

Ismadji,―Equilibrium and kinetic studies in adsorption of 

heavy metals using biosorbent: a summary of recent studies‖, 

J. Hazard Mater., vol. 162, pp. 616–645, 2009. 

[39] M. Rafatullah, O. Sulaiman, R. Hashim, A. 

Ahmad,―Adsorption of copper (II), chromium (III), nickel (II) 

and lead (II) ions from aqueous solutions by meranti 

sawdust‖, J. Hazard Mater.,vol. 170, pp. 969–977, 2009. 

[40] S. R. Popuri, A. Jammala, N. S. Reddy, K. 

Abburi,―Biosorption of hexavalent chromium using tamarind 

(Tamarindusindica) fruit shell-a comparative study‖, 

Electron. J.Biotechnol,vol. 10, pp. 358–367, 2007.

 
 


