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ABSTRACT 
 
 Adsorption experiments were carried out using rice straw as an agricultural residue to adsorb some heavy 
metals like Cd, Cu, Fe, Mn, Ni, Pb and Zn from aqueous solution. Rice straw was treated with two different 
methods acid treatment and alkali treatment in order to increase their metal-binding capacity. The adsorption 
process is affected by various parameters such as contact time (30-120min), pH of the solution (2–10), and 
adsorbent amount (0.25-1 g). The equilibrium time was taken as 90 min for all elements except for Cu at 120 
min. The optimum pH required for maximum adsorption was found to be 2 for Pb and 7 for other elements. 
Finally adsorbent amount was found 1g. All concentrations of heavy metals were determined by Atomic 
Absorption Spectrometer (AAS). Results indicated that rice straw treated with lime (CaO) appeared to be the 
most practical for use on adsorption of heavy metal ions from waste water. The modified rice straws could 
adsorb metal ions faster than unmodified.  
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Introduction 
 
 Agricultural wastes are generated in high amounts in Egypt; these products are not used economically. 
Some of the advantages of using agricultural residues for wastewater treatment include simple technique, little 
processing requirement, good adsorption capacity, selective adsorption of heavy metal ions, low cost, free 
availability, and easy regeneration. (Osman H. E. et al., 2010). It can be used as adsorbent in waste water to 
remove toxic heavy metals which causes environmental issues. The presence of heavy metals in the water 
environment is a major concern due to their toxic effects since they cause severe health problems to animals and 
human beings. According to the World Health Organization (WHO), the metals of most immediate concern are 
aluminum, chromium, manganese, iron, cobalt, nickel, copper, zinc, cadmium, mercury and lead (El-Sayed G. 
O. et al., 2010). Removal of heavy metals from waste water is usually achieved by physical and chemical 
processes which include precipitation, coagulation reduction membrane procession change (Gode and Pehlivan, 
2006) and adsorption (Krishnani et al., 2008; Abdel-Ghani et al., 2009; Shah et al., 2009). All the chemical 
methods have proved to be much expensive and less efficient than the adsorption process. Adsorption has 
advantages over the other methods because of simple design with a sludge free environment and can involve 
low investment in term of both initial cost and land required (Mousavi H. Z. et al., 2011). Most methods to 
remove metal ions from solution are expensive (Rocha G. G. et al., 2009 ) so the use of cheap agricultural 
wastes such as rice straw (Farooq U. et al., 2010), sawdust (Bulut Y. and Tez Z., 2007), carrot residues 
(Nasernejad B. et al., 2005 ), tobacco dust (Qi B. C. and Aldrich C., 2008), orange residue (Khormaei M. et al., 
2007), apple residue (Lee S. H. et al.,1998), coconut shell powder (Pino G. H. et al., 2006 ) and powdered 
leaves of castor tree (Al Rmalli S. W. et al., 2008) as adsorbents have been highlighted for metal removal from 
wastewater. Rice straw is considered as an agriculture waste material, at harvesting time, it is burnt to release 
nutrients for the next growing season and to get rid of the huge quantity of it. The burning process of rice straw 
leads to emission of choking smoke which causes the ‘black cloud’ phenomenon and affects on visibility, 
human health and global climate by emitting particulate matters and other gaseous pollutants. The rice straw 
contains cellulose (32-47%), hemicellulose (19-27%) and lignin (5-24%) (Saha B. C., 2003). Rice straw has 
several characteristics that make it a potential adsorbent with binding sites capable to remove metals from 
aqueous solutions (El-Sayed G .O. et al., 2010).  
  The aim of this study is to find out the effectiveness of rice straw to be used as adsorbent for the removal of 
Cd, Cu, Fe, Mn, Ni, Pb and Zn ions from aqueous solution. In this work, the adsorption behavior was studied by 
a set of experiments at various conditions, including pH, contact time and various adsorbent amounts. 
 
Materials and methods 
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Analytical technique: 
 
  The concentrations of the determined elements were performed using (Thermo Elemental Solaar) Flame 
Atomic Absorption Spectrophotometer (FAAS). Elements were determined using an air– acetylene flame. 
 
Preparations of stock solution: 
 
  Standard solutions were prepared from (Merk) stock solution containing 1000µg/ml, for each studied 
elements. This stock solution was diluted with bi-distilled water to give different concentrations ranging from 
0.05 to10 µg/ml for different elements.  
 
 Rice Straw: 
 
  Four samples of rice straw were collected from different areas of village Almotmdia-mehalla El koubra, 
Gharbia and Sharqiya Governorate region of Egypt. Following the harvest, rice straw was chopped to 3-5 cm 
lengths. The samples were washed carefully first with tap water and then bi- distilled water to remove 
particulate material from their surface. After that, they were dried in an oven at 60 oC for 48hr.  
 
Methods of modification of rice straw: 
 
  In order to increase the adsorption capacities of adsorbent, it was treated by two methods: 
 
 Acid treatment: 
 
  A sample of rice straw was treated with (0.2, 0.3, and 0.5 M) nitric acid for 4 hrs under stirring. The 
modified cellulose was washed several times with bi- distilled water to remove excess acid from adsorbent, and 
then dried for 2 hrs at 100 o C in an oven. 
 
 Alkali treatment: 
 
  Various methods of alkali treatment have been carried out to improve utilization of rice straw. This 
methods include (5gm urea (Promkot C. and Wanapat M., 2003), 3gm urea plus 4gm CaO (Sirohi and 
Rai,1995), 4 gm CaO (Saadullah M.,1981; Pradhan et al., 1997) and 43 gm NaOH(Jayasuriya M. C. N.,1980)). 
Each of them was mixed with 100 gm rice straw and 100 L bi-distilled water then covering for 10 days at room 
temperature. After that the rice straw was dried at 60°C in an oven to reach a constant weight, ground and sieved 
through a sieve having boreholes 100 µm. 
 
Batch Adsorption Studies: 
 
  The influence of rice straw modification on metal ions removal was investigated under the following 
experimental conditions; the initial pH of the metal solution was adjusted to values in the pH range of (2 to 10) 
by the addition of 0.1N HC1 or 0.1N NaOH prior to experiment. Certain volume of aqueous solution with initial 
concentration was equilibrated with varying adsorbent weight (0.2 to1 g) and contact time (30 to 120 min). 
Adsorption were performed for initial heavy metal concentrations of 4 ppm for, Cu, Fe, Mn and Ni and 6ppm 
for Pb and Cd. Experiments were carried out in 100 ml beakers to study the effect of parameters (adsorbent 
weight, pH values and contact time). The beakers were shaken for a prescribed length of time by magnetic 
stirrer at room temperature. After filtration through the filter paper, Cd, Cu, Fe, Mn, Ni, Pb and Zn ions 
remaining in aqueous solution, determined by AAS. The amount of metal ion adsorbed was calculated as: 
  
 % Adsorption = (Ci – Cf)  X 100 
                                 Ci 
 
 Where Ci and Cf are the initial and final concentrations of the metal ions in the solution (ppm) 
 
Results and Discussion 
 
Effect of adsorbent weight: 
 
  The adsorbent weight is an important parameter in adsorption studies because it determines the capacity of 
adsorbent for a given initial concentration of metal ion solution. The effect of variation of adsorbent amount on 
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the removal of metal ions by rice straw was varied from (0.25 to 1 g) and equilibrated for 1 hour at an initial 
metal ion concentration. It is apparent that the metal ion concentration in solution decreases with increasing 
adsorbent amount for a given initial metal concentration (Asrari et al., 2010) as shown in Fig. 1.(a,b). The 
optimum adsorbent weight was taken as 1g.  
 

 
(a)         (b) 

 
Fig. 1: Effect of weight on the adsorption of some metal ions by rice straw. 
 
Effect of contact time: 
 
  Equilibrium time is a crucial parameter for an optimal removal of metal ions in the waste water. The 
increased uptake of both metal ions with contact time can be due to the decreased mass transfer coefficient of 
the diffusion controlled reaction between the adsorbent and the metal ions (El-Sayed G. O. et al., 2010 and 
Buasri A. et al., 2007). The experiments were carried out to find the equilibrium time for the removal of metal 
ions from aqueous solution at initial concentration. The optimum adsorbent weight for the sample was taken as 
1g. The contact time varied from 30 to 120 min. It was observed from the Fig.2.(a,b) as the contact time 
increased, the adsorbent metal ions increased. The optimum time was taken as 90 min for (Cd, Fe, Mn, Ni, Pb 
and Zn) (El-Sayed G .O. et al., 2010) and 120 min for Cu (Buasri A. et al., 2012).  
 

 
                                                              (a)                                                          (b) 
 
Fig. 2: Effect of contact time on the adsorption of some metal ions by rice straw. 
 
Effect of pH on metal ion removal: 
 
  The pH of the solution is one of the important factors governing the adsorption of metal ions. Fig. 3.(a,b) 
shows the effect of pH on the adsorption of Cd, Cu, Fe, Mn, Ni, Pb and Zn ions, the pH varied from 2.0 to10.0. 
It was observed from this Fig. that the adsorption percent of Cd, Cu, Mn and Ni and Zn increased from 94.6, 78, 
47.7, 57 and 95% to95.2, 83.9, 98.5 , 90.5 and 97.3.% over pH range from 2.0 to 7.0 (Asrari et al., 2010 ; El-
Sayed G.O. et al., 2011), then it decreased by increasing the pH. This behavior is expected, as the acidity of the 
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medium can affect the metal uptake on adsorbent because hydrogen ions could compete with metallic ions for 
active sites on the adsorbent surface (Bhattacharya A.K. et al., 2006). For Pb the highest adsorption percentage 
was observed at pH 2.0 which decreased when the pH was increased (Elaigwu S.E. et al., 2009).  
 

 
                                                    (a) (b) 
 
Fig. 3: Effect of pH on the adsorption of some metal ions by rice straw. 
 
Comparison between the different treatments of rice straw: 
 
  The rice straw was treated by acid and alkali agents to increase the adsorption percentage of heavy metals 
from aqueous solution. By using Zn as an example, it was observed from Table 1.(a,b) that the adsorption 
percentages of alkali treatment were significantly higher than the acid treatment. From Table 1.(b) the highest 
adsorption percentage for Zn was observed at 4 gm CaO. Rice straw treated with 4 gm CaO only appears to be 
the most practical for use on adsorption of heavy metal ions from aqueous solution. 
 
Table 1 (a): The effect of acid treatment in rice straw. 

 
Treatments 

Initial Concentration 
Of Zn(ppm) 

Final Concentration of Zn (ppm)  
% Adsorption 

0.2M HNO3 4 2.3 ± 0.115 42.5 
0.3M HNO3 4 2.35 ± 0.117 41.25 
0.5M HNO3 4 2.3 ± 0.115 42.5 

 
Table 1 (b): The effect of alkali treatments on rice straw. 

 
Treatments 

Initial Concentration 
Of Zn (ppm) 

Final Concentration of Zn (ppm)  
% Adsorption 

urea 4 1.65 ± 0.082 58.75 
urea+4%CaO 4 0.35 ± 0.017 91.25 

CaO 4 0.25 ± 0.012 93.75 
NaOH 4 0.55 ± 0.027 86.25 

 

 
(a)                                                                     (b) 

 
Fig. 4: The adsorption rate of heavy metal ions by raw and treated straw. 
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Comparison of metal ions adsorbed by raw and modified rice straw: 
 
  The influence of raw (El-Sayed G. O. et al., 2010; Asrari et al., 2010 and Kohar I. et al., 2007) and 
modified rice straw (Buasri A. et al., 2012; Osman H. E. et al., 2010 and Gong R. et al., 2011) on metal ions 
uptake were investigated under the optimum factors. From Fig.4.(a,b) the adsorption percentages of treated 
adsorbents were significantly higher than the untreated materials. For example, the adsorption percentage of Cd, 
Cu, Fe, Mn, Ni, Pb and Zn in raw material reached 63.3, 15, 47.5, 0 , 5, 90.2 & 47.5 %, respectively, whereas in 
treated material they reached 94 ,77.9, 78.5 , 50.5, 61.25, 92.8 & 89.5 %, respectively. 
 
Conclusion: 
 
  Rice straw is an environmentally friendly potential adsorbent for heavy metals. This work examined the 
efficiency of this adsorbent in removal of some metal ions from aqueous solution. The present investigation 
shows that the rice straw is an effective and inexpensive adsorbent for the removal of (Cd, Cu, Fe, Mn, Ni, Pb, 
Zn) from waste water. The physicochemical characteristics of waste waters from varying sources can be much 
more complex compared to the aqueous metal solution used in this study. Because of this, the effects of other 
components of waste waters on commercial metal adsorption process should be determined. However, this work 
can be considered as a preliminary study to conclude that rice straw is suitable and efficient material for the 
adsorption of (Cd, Cu, Fe, Mn, Ni, Pb, and Zn) from aqueous solution. The rice straw by previous studies was 
used as adsorbent without any treatment but this study shows that the modified rice straw was suitable adsorbent 
of metallic ions from waste water as compared with the unmodified adsorbent. This study suggests that rice 
straw treated with lime (CaO) only appear to be the most practical for use on adsorption heavy metal ions from 
waste water, as it gives higher adsorption than other treatments. The results indicated that the optimum factors 
such as contact time was 90 min for all elements except Cu at 120 min, adsorbent weight 1 g and pH factor for 
all elements 7 except Pb at 2. 
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