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ABSTRACT 
 
 The aim of the present study is to detect the performance of rice straw on some heavy metals (Fe(III) and 
Mn(II) ions) removal from groundwater of the Quaternary aquifer in El-Minya governorate. The effect of 
various parameters including pH, initial concentrations, contact time, different straw particles sizes, adsorbent 
dosage (rice straw weight) and temperature on the removal process was studied. Furthermore, sorption 
isotherms are conducted on rice straw for the removal of Fe(III) and Mn(II) ions. Data obtained revealed that 
rice straw is an effective adsorbent for those two metals. The removal of metal ions from the bulk increases with 
the increase in pH (2-5). The adsorption capacity of the material increases as the initial metal concentration 
increases. Also, the adsorption capacity increases as the contact time increases and the adsorption equilibrium 
was established after 30min. The increase in straw particle size led to a decrease in Fe(III) and Mn(II) ions 
removal, while the increase in adsorbent dosage (rice straw weight) led to an increase in Fe(III) and Mn(II) ions 
removal. Also, the adsorption capacity of the rice straw material increases as the temperature increases. The 
optimum conditions for Fe(III) and Mn(II) ions removal were found to be pH 5, initial concentration 20mg/L, 
equilibrium contact time 30min., weight 0.1mg and particle size 0.063mm. Adsorption of Fe(III) and Mn(II) 
ions followed pseudo-second order kinetics. The effective diffusion coefficient is that of the order 10-3m2/s for 
each ion. The equilibrium adsorption was better described by Freuindlich adsorption isotherm model, the 
adsorption order was found Fe(III) > Mn(II). The adsorption capacity (qmax) of rice straw for Fe(III) and Mn(II) 
ions in terms of monolayer adsorption were 10.36mgFe/g and 9.18mgMn/g, respectively. Some mechanisms 
were maintained for the reaction occurred at low and high pH ranges, respectively. Application study was also 
carried out for three successive consecutive times to find the suitability of the process in groundwater treatment 
and to reach the safe limits of the concentrations of iron and manganese ions in groundwater for drinking 
purpose. The three successive consecutive removal processes improved the efficiency of removal up to 99% and 
93% for Fe(III) and Mn(II) ions, respectively. 
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Introduction 
 
 El-Minya governorate is located in the Nile Basin middle of Egypt. It lies between latitudes 270 30/ and 280 
45/ North and, between longitudes 300 30/ and 310 00/ East. It is geographically bounded by Beni-Suef 
governorate in the North, Assiut governorate in the South, the Eastern Desert from the East and the Western 
Desert from the West (Fig.1).  
 Recently, the present surface water supplies in El-Minya governorate are generally insufficient to meet the 
expected increases in water demands for drinking; cooking and municipal purposes, especially in the newly 
reclaimed areas. Therefore, serious strategies for water development have established to fully utilize the 
groundwater resources at economic costs.  
 Where, the farmers in the newly reclaimed areas as in El-Minya governorate (case study) have not any 
surface water source, so they must be tended to use the groundwater. This groundwater is often contaminated by 
heavy metals as iron and manganese, and therefore, treatment is required prior to disposal in order to avoid 
water contamination effect on health hazards.  
 Noteworthy, iron and manganese concentrations more than the maximum permissible limits for drinking 
water (0.3mg/L and 0.05mg/L, respectively) [Egyptian Higher Committee for Water, 2007], causes cooking 
utensils and imparts objectionable tastes and colors to foods and drinks, and their accumulation in kidney pose a 
serious health problem as kidney damage. So this groundwater must be treated before using for drinking and 
cooking.  
 A variety of suitable methods can be used for the removal of metal pollutants from such water, including 
filtration, chemical precipitation, coagulation, solvent extraction, electrolysis, ion exchange, membrane process 
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and adsorption. Ion exchange and adsorption are the most common and effective processes for the removal of 
heavy metal ions [Jonglertjunya, 2008]. Biosorption process has emerged as a cost effective and efficient 
alternative for water and wastewater treatment [Gadd,  2009 and Bhatnagar, et al., 2010].  
 

 
           
Fig. 1: Location map of the study area. 
 
 Agricultural by-products usually are composed of lignin and cellulose as major constituents and may also 
include other polar functional groups of lignin which includes alcohols, aldehydes, ketones, carboxylic, phenolic 
and ether groups. These groups have the ability to some extent to bind heavy metals by donation of an electron 
pair from these groups to form complexes with the metal ions in solution [Pagnanelli et al., 2003 and Demirbas, 
2008].  
 The advantages in using rice straw to remove Fe(III) and Mn(II) ions from groundwater are; the first is that 
rice straw is a by-product of threshing process of rice crop. Secondly, It accounts for about one-fifth of the 
annual gross rice production of 545 million metric tons, of the world [Feng et al., 2004]. In Egypt rice is a very 
common and abundant crop and the quantities of which continued to increase (2.5 million ton/year) and its by-
product, rice straw is being considered as a significant waste disposal problem now-days by burning, i.e., it is 
available at a much lower cost [Kiran Kadam et al., 2000]. Thirdly, using rice straw in the iron and manganese 
removal does not need continuous nutrient supply and the straw cells are not subjected to constraints of 
physiological factors such as toxicity. In addition, rice straw is a fibrous material typical of most agricultural 
residues and the presence of compounds such as cellulose, hemi-cellulose, lignin and silica in this material, with 
binding sites capable to take up metals from aqueous solutions [Gao et al., 2008]. The lignin is promptly 
available to interact with cations, by firstly exchange with protons and subsequently by chelating with the 
metallic ion [Osman et al., 2010]. Therefore, rice straw may be a suitable alternative low cost material and could 
be used safely environmentally and economically in the field to treat the contaminated groundwater, this is 
manifested by Buasri et al., 2012, who stated that, rice straw is an environmentally friendly potential biosorbent 
for heavy metals removal. 
 Factually, there is no previous published studies on using rice straw for removing Fe(III) and Mn(II) ions. 
 In this work, an attempt to use rice straw, which are discarded as waste material, as an alternative low-cost 
biosorbent in the removal of Fe(III) and Mn(II) ions from groundwater of the study area. Also, the influence of 
various parameters such as pH, initial concentrations, contact time, straw particles sizes, adsorbent dosage (rice 
straw weight) and temperature on biosorbtion potential of agricultural waste material was studied in detail.   
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  Materials and Methods 
 
Groundwater samples collection: 
 
 Some groundwater samples collected from the Quaternary aquifer at different localities in the study area 
were chosen for the treatment process and analyzed in Desert Research Center laboratory to determine the 
concentrations of Fe(III) and Mn(II) ions before and after the treatment processes. 
 
Adsorbent preparation: 
 
 The rice straw which is used as adsorbent in this study was obtained from a farm and cut into small pieces 
with a grinding machine. The resulting rice straw was washed with distilled water three times to remove 
adhering dirt’s and soluble compounds and it was dried at 600C over night. The washed and dried rice straw was 
crushed and passed through different sieves to obtain fractions with particles size of 0.063, 0.125 and 0.250mm. 
The finely prepared form of the rice straw was stored in a desiccator's, until used for the following batch 
adsorption experiments. 
        
Rice straw characterization: 
 
 Raw rice straw (RS) has very high ash content (mainly silica) of 18.2%, on average, much higher than in 
any other kind of cereal straw. Given that heat-treatment unavoidably induces the release of volatiles, the 
fraction of ashes in the final activated carbon is expected to be even higher. Cellulose, pentosan and klason 
lignin contents are found to be 51.3, 12.7 and 17.8%, respectively. It is well known that such components have 
different carbon yields, typically 20% for cellulose and even below for hemicellulose, and 40% for lignin 
[Fierro et al., 2010]. 
 
Apparatus and chemicals used: 
 
 The pH measurements were performed with a pH meter (model Jenway 3510). A thermo stated shaker (SK-
300) and magnetic stirrer (AM4 Multiple Heating Magnetic Stirrer, VELP SCIENTIFCA) were used for the 
sorption experiments. ICP model (thermo 6500) was used to determine the Fe(III) and Mn(II) ions 
concentrations in the solution according to ASTM, 2002. Stock Fe(III) and Mn(II) solutions (1000ppm) were 
prepared from FeCl3.H2O and MnCl2.H2O (Merck, Germany), respectively, these stock solutions were then 
diluted to specified concentrations. 
  
Batch adsorption experiments: 
 
 Adsorption studies were carried out by batch processes. Batch experiments were conducted by immersing 
known weight (0.1g) and size (0.063mm) of rice straw in a glass beaker containing 20ml of a known 
concentration of metal solution. The mixture was shaked with constant speed (500round/min) for 1h. After the 
contact time, the rice straw was then removed by filtration through filter paper (double rings filter paper, 
12.5cm, medium, qualitative) and the filtrates were analyzed for residual metal concentration by ICP instrument.   
 The amount of metal ions adsorbed was calculated by the difference of the concentration of metal ions in 
solution before and after adsorption. The amount (concentration) of the metal ions adsorbed (metal uptake) by 
mg/g was obtained using the equation; 
         (Co - Ct) V 
qt = ──────                                                            (1)  
         m x1000 
 
 Where qt is the amount of adsorbed metal (mg/g) on the sorbent, Co is the initial metal concentration in 
solution (mg/L), Ct is the metal concentration in solution at any time (mg/L), m is the weight of sorbent (g), and 
V is the volume of metal solution (L). When t is equal to the equilibrium contact time, then the amount of metal 
ion sorbed at equilibrium is qe.  
 The adsorption was studied with different initial metallic concentrations 1, 5, 10, 15 and 20ppm of Fe(III) 
and Mn(II) solutions; all of them studied at pH values 2, 3, 4, 5. Also, at different weights for rice straw 0.1, 0.2 
and 0.3g, at different sizes 0.063, 0.125 and 0.25mm, at different temperatures 25, 50, and 75oC and finally at 
different contact time 5, 15, 30 and 60min. Noteworthy, the effect of pH of the initial solutions on the adsorption 
process was studied using solutions having pH range between 2 and 5 adjusted with 0.1M HCl and 0.1M NaOH. 
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Results and Discussion 
 
1-Effect of pH: 
 
 The pH dependence of Fe(III) and Mn(II) biosorption onto rice straw is shown in Fig.(2). As it is seen in 
figure, the metal uptake is low at low pH values. The value of metal uptake is increased by increasing the pH 
value and reaches a plateau at a pH value of 5.0 for Fe(III) and Mn(II). The extractability of the cations from the 
solution phase is pH dependent. The effectiveness of process can be expressed by the quantity adsorbed (mg/g) 
versus pH plot for the cations involved, as represented in Fig.(2) for trivalent iron and divalent manganese. It is 
worth noting that the uptake of each of the studied metal ions, namely Fe(III) and Mn(II) were doubled when pH 
varied from 2-5. 
 

 
 
Fig. 2: Effect of pH on the adsorption of Fe3+ and Mn2+ ions using rice straw: Initial concentration, 20mg/L; 

contact time, 30min; particle size, 0.063mm and weight, 0.1g at room temp. 
 
 Where, the pH of the solution affects the charge on the surface of the adsorbents, so the change in pH also 
affects the adsorption process and the H+ ion concentration may react with the functional groups on the active 
sites on the adsorbent surface. The pH of the solution has been identified as the most important variable 
governing metal adsorption. This is partly due to the fact that hydrogen ions themselves are strong competing 
ions and partly that the solution pH influences the chemical speciation of the metal ions as well as the ionization 
of the functional groups onto the adsorbent surface. 
 The low degree of adsorption at low pH values can be explained by the fact that at low pH values, the H+ 
ion concentration is high and therefore protons can compete with the iron and manganese cations for surface 
sites, since at low pH iron and manganese are present in solution as Fe(III) and Mn(II) ions free cations [Naiya 
et al., 2009]. So, increased external H+ concentration (due to lowered pH) may have effected metal ion removal 
via ion exchange by direct competition effects between the protons and metal ions for the exchange sites on the 
rice straw.   
 The mechanistic aspects of Fe(III) and Mn(II) ions adsorption onto rice straw could be better understood 
with the help of pH dependence studies on the uptake at identical preconditions, i.e., the metal solution pH is an 
important controlling parameter in the adsorption process. So, there are several recommended mechanisms for 
the adsorption on the rice straw at lower and higher pH ranges:-  
 1-At lower pH range, the surface of rice straw takes up the H+ ions from the solution. Where, rice straw 
contains various proteins; amino acids, having active functional groups (−NH2, −SH, −OH, −COOH,…etc), 
metal oxides and fiber (carbaneous C, OH) [Shuddhodan et al., 1997]. So, the possible mechanism for the 
uptake of Fe(III) and Mn(II) ions at lower pH may be shown as; 
 The low adsorption at low pH values less than 5 could be referred to the electrostatic repulsion between the 
metal ions in the medium (M+) and the positive charges of highly acidic solution [H+] accumulated on the 
surface of the rice straw which have negative charges. Such repulsion prevents the approach of the metal ions to 
the adsorbent surface. In other explanation, Sharma and Forster, 1994 stated that, at the lower pH range, the 
surface of rice straw takes up the H+ ions from the solution. Hence, the surface becomes positively charged, 
which eventually restricts the uptake of Fe(III) and Mn(II) ions.  
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>NH + H+  >NH2
+ 

 

–NH2 + H+  NH3
+ 

 

M–OH + H+  MOH2
+ 

 

C, OH + H+  C, OH2
+  

 
Scheme 1: Reaction that takes place at lower pH according to Shuddhodan et al., 1997. 
 
 2-At higher pH, such positive charge density which accumulated on the surface of rice straw decreases 
allowing the metal ions to approach the sorbent surface which result in higher adsorption values. Further 
increase in the pH value more than 5 would transform the dissolved metal into precipitated hydroxide form, 
which as a result minimizes adsorption values. However, on increasing the pH, the adsorption increased 
substantially. This increase was considered to be due to hydrolytic adsorption of Fe(III) and Mn(II) ions. It is 
known that at moderate to high pH values Fe(III) and Mn(II) ions exist as cationic species of the type Fe(OH)3 
and Mn(OH)2, which are the favorable species for adsorption of trace Fe(III) and Mn(II) ions. So, the possible 
mechanism for the uptake of Fe(III) and Mn(II) ions at higher pH would be as; 
 

C, OH + Fe(OH)2+  C, –O–Fe2+ + H2O 
 

M–OH + Fe(OH)2+  M– O– Fe2+ + H2O 
 
and 
 

C, OH + Mn(OH)+  C, –O– Mn+ + H2O 
 

M–OH + Mn(OH)+  M– O– Mn+ + H2O 
 
Scheme 2: Modified mechanism at higher pH after Shuddhodan et al., 1997.  
  
 Also, in this pH range, the surface functional groups of bimolecular constituents of rice straw (–NH3

+, –SH, 
–COOH,…..etc) facilitate acidic dissociation and surface complexation. In general, in the absence of an 
apparent precipitation a mixed effect of (ion exchange) and (surface complexation) is suggested to be 
responsible for the adsorption of Fe(III) and Mn(II) ions on the surface of rice straw [Shuddhodan et al., 1997]. 
In addition, when pH increases, there is a decrease in positive surface charge (since the deprotonation of the 
sorbent functional groups could be occurs), which results in a lower electrostatic repulsion between the 
positively charged metal ion and the surface of rice straw, favoring adsorption [Shuddhodan et al., 1997]. The 
process involved for Fe(III) and Mn(II) ions adsorption are the following; 
 

 (1)                        Fe3+ + nH2O  Fe (H2O)n
3+                                       

                              

 (2)                        Fe (H2O)n
3+  Fe (H2O)n-1OH2+ + H+                         

                           

 (3)                       Fe3+ + nH2O  Fe (H2O)n-1OH2+ + H+   
                                                      and 

(1\)                        Mn2+ + nH2O  Mn (H2O)n
2+                                       

                              

(2\)                        Mn (H2O)n
2+  Mn (H2O)n-1OH+ + H+                         

                           

(3\)                       Mn2+ + nH2O  Mn (H2O)n-1OH+ + H+                        
 
Scheme 3: Modified mechanism after Naiya et al., 2009. 
 
 As another explanation, Rocha et al., 2009 stated that the fibrous rice straw containing cellulose, hemi-
cellulose and lignin (phenol groups). This fibrous loses two and three protons per each mole of divalent cations 
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and trivalent cations, respectively, (the fibrous materials contain several phenol groups which were withdrawn 
from the scheme for simplicity) at the first step. In the second step the hydrated metallic ion loses its hydration 
waters. In the third step the fibrous material uptakes the non-solvated metallic ion (scheme 4). At pH lower than 
5, the first step of the adsorption procedure is hindered, diminishing the adsorption of the divalent and trivalent 
metallic ions. The optimum pH value for adsorption was found to be 5 where Fe(OH)3 and Mn(OH)2 
precipitation does not occur. In this way the rice straw is a heterogeneous material formed by several types of 
site capable to interact with the metallic ions during the process of adsorption [Rocha et al., 2009]. 
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Scheme 4: Reaction that takes place for divalent and trivalent ions uptake using rice straw, where M2+ is Mn2+ 

and M3+ is Fe3+. (Modified mechanism after Rocha et al., 2009). 
 
2-Effect of initial metal ions concentrations: 
 
 The effect of initial metal ions (Fe3+ and Mn2+) concentrations on the sorption process by rice straw was 
investigated by varying the metal concentration (1-30mg/l) at a pH 5 for 30minutes equilibrium time (Fig.3), 
where qe is the amount of adsorbed metal (mg/g) and Ci is the initial concentration of ion metal solutions 



4305 
J. Appl. Sci. Res., 9(7): 4299-4217, 2013 

 

(mg/L). This plateau represents saturation of the active sites available on the biosorbent for interaction with 
metal ions. The removal curves are single smooth and continuous suggesting the removal of monolayer of 
adsorbate on the surface of sorbent. The present metal ion removal increased with increasing metal ion 
concentration. This obvious that for higher initial concentrations, more efficient utilization of sorption sites is 
expected due to a greater driving force by a higher concentration gradient.               
 The removal efficiency of Fe(III) and Mn(II) ions by rice straw initially increased with increasing Fe(III) 
and Mn(II) concentrations. At lower concentrations, Fe(III) and Mn(II) ions in the solution would interact with 
the binding sites and thus facilitated almost 100% adsorption. This is reflected on  the removal efficiency of ions 
(metal uptake) by rice straw which increased rapidly with increasing Fe(III) and Mn(II) concentrations then 
slow down to reach equilibrium depending on the type of metal ions. This can be explained on basis of more 
diffusion at lower concentration toward the rice straw surface, so its adsorption increases. At higher 
concentrations, more Fe(III) and Mn(II) ions are left un-adsorbed in the solution due to the saturation of the 
binding sites. This indicates that energetically less favorable sites become involved with increasing ion 
concentration in aqueous solution. On the other hand, at higher concentration the metal ions slowly diffused 
towards the surface of rice straw, as a result of steric hindrance which retards the removal of these ions and 
slightly increase their adsorption. In general, maximum metal ions (Fe3+ and Mn2+) concentration is 20mg/L. 
 

 
                   
Fig. 3: Effect of initial individual metal ions concentration (ppm) on the adsorption of Fe(III) and Mn(II) ions 

using rice straw: pH, 5; contact time, 30min; particle size, 0.063mm and weight, 0.1g at room temp. 
   
3-Effect of contact time: 
 
 The rate at which adsorption takes place is of most important when designing batch adsorption experiments. 
Consequently, it is important to establish the time dependence of such systems under various conditions. The 
experimental runs measuring the effect of contact time on the batch adsorption of metal solution containing 
20mg/l of Fe(III) and Mn(II) ions at pH value 5 is shown in Fig.(4). Experiments conducted with different 
contact times (5, 15, 30 and 60min) show that the amounts of Fe(III) and Mn(II) ions adsorbed per unit mass of 
rice straw increase with the contact time of metal ions, indicating that the biosorption of Fe(III) and Mn(II) by 
rice straw was highly influenced by the contact time. The kinetics of metal removal by biosorbent was relatively 
fast within 30min and the equilibrium was achieved at 30minutes of contact time. After 30min, the rate of 
adsorption was remarkably slow with time and becomes very slow at the end (30min) while the sorption tends 
towards saturation. At the equilibrium time, the metal ions uptake of 10.36mgFe/g and 9.18mgMn/g was 
achieved, i.e., the equilibrium time is a crucial parameter for an optimal removal of both metal ions from the 
groundwater. The initial faster rate of metal sorption may be explained by the large number of sorption sites 
available for adsorption, while the slower adsorption rate at the end is probably due to the saturation of active 
sites and attainment of equilibrium. Other explanation, The increased uptake of 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 ion [El-Sayed, et al., 2010 and Buasri et al., 2007].  



4306 
J. Appl. Sci. Res., 9(7): 4299-4217, 2013 

 

 
 
Fig. 4: Effect of contact time on the adsorption of Fe(III) and Mn(II) ions using rice straw: pH, 5; initial 

concentration, 20mg/L; particle size, 0.063mm and weight, 0.1g at room temp. 
 
4-Effect of rice straw particle size: 
 
 The amount of Fe(III) and Mn(II) metal ions removed by rice straw of different particles sizes, which were 
0.063mm, 0.125mm and 0.250mm are shown in Fig.(5). It was observed that the increase of straw particle size 
has resulted in reducing the removed metal ions amounts, i.e., Fe(III) and Mn(II) metal ions were removed from 
groundwater by straw of particle size in the order; 0.063 > 0.125 > 0.250. These results suggest that surface area 
of rice straw may play an important role in the Fe(III) and Mn(II) ions removal and also physical adsorption 
may contribute to some extent to such removal. 
 

 
 
Fig. 5: Effect of straw particle size on the adsorption of Fe(III) and Mn(II) using rice straw: pH, 5; initial 

concentration, 20mg/L; contact time, 30min; weight, 0.1gm at room temp. 
 
5-Effect of adsorbent dosage (rice straw weight): 
 
 The effect of adsorbent dosage (rice straw weight) on the removal of Fe(III) and Mn(II) ions for a given 
initial metal concentration 20mg/L was studied and results are presented in Fig.6. The removal of metal ions 
Fe(III) and Mn(II) was found to increase with an increase in adsorbent dosage (rice straw weight) from 0.1 to 
0.3mg/L, i.e., the Fe(III) and Mn(II) metal ions were removed from groundwater by straw weight in the order; 
0.1g < 0.2g < 0.3g. Increase in adsorption with increase in adsorbent dosage attributed to the availability of 
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larger surface area and more adsorption sites. At low adsorbent concentration, the adsorbent surface becomes 
saturated with the metal ions and the residual metal ion concentration in the solution is large.  
 

 
 
Fig. 6: Effect of adsorbent dosage (rice straw weight) on the adsorption of Fe(III) and Mn(II): pH, 5; initial 

concentration, 20mg/L; contact time, 30min and particle size, 0.063mm at room temp. 
 
6-Effect of temperature: 
 
 It is well known that temperature has a great influence on any chemical process, so that it may enhance or 
retard such dependence on the nature of the reactants and/or the products. To assess the role of temperature on 
Fe(III) and Mn(II) ions removal by rice straw at initial concentration 20mg/L, contact time 30min, particle size 
0.063mm and weight 0.1g, batch experiments were performed under three temperatures; 25, 50 and 75C. The 
results of the temperature dependency of Fe(III) and Mn(II) ions removal are presented in Fig.(7) which reveals 
that the amounts of adsorbed Fe(III) and Mn(II) onto rice straw increased with increasing temperature of heavy 
metal solution. Raising the temperature from 25 to 75oC reduces the amounts of metal ions in solution, which 
indicate that the adsorption of Fe(III) and Mn(II) ions from aqueous solution is slightly affected by the 
temperature of reaction with a higher magnitude for Fe(III) relative to Mn(II). The increase in adsorption with 
rise in temperature may be due to the strengthening of adsorptive forced between the active sites of the 
adsorbents and adsorbate species and between the adjacent molecules of the adsorbed phase [Naiya et al., 2009]. 
 

 
 
Fig. 7: Effect of temperature on the adsorption of Fe(III) and Mn(II) ions using rice straw: pH, 5; initial 

concentration, 20mg/L; contact time, 30min; particle size, 0.063mm and weight, 0.1g. 
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7-Sorption capacity of rice straw:  
 
 Total sorption capacity of rice straw presents an evaluating property in determining the amount needed for 
the removal of certain amount of polluting metal ions (Fe3+ and Mn2+). Figure (8) shows the maximum sorption 
capacity of the rice straw for the two different individual metal ions at their respective optimum pH value 
(pH=5). The data show that the affinity of rice straw adsorption towards the studied metal ions proceeds in the 
following order Fe3+> Mn2+

, (10.36mgFe/g and 9.18mgMn/g) at a constant concentration of both metal ions 
(20mg/l). The quantity of specific ions on the surface of solids [McBride, 1994 and Vico, 2003] is strongly 
dependent on radii of the hydrated ions, electric charge, metal electronegativity, hydrolysis constant,…etc. 
Where, the electric charge of Fe3+ ion is more than the electric charge of Mn2+ ion, so the adsorption of Fe3+ ion 
is more than that of Mn2+ ion because ions with smaller ionic radii and more positive charge has more affinity 
and easily enter the pores of rice straw [Lazarevic et al., 2007]. In addition, the electronegativity of the Fe3+ ion 
(1.8) is more than that of the Mn2+ ion (1.5), as a result Fe3+ ion is more adsorbed than Mn2+ ion [Lazarevic et 
al., 2007]. 
 

 
 
Fig. 8: Maximum sorption capacity of rice straw towards two different individual metal ions (Fe3+ and Mn2+) in 

solution: pH, 5; initial concentration, 20mg/L; contact time, 30min; particle size, 0.063mm and weight, 
0.1g at room temp. 

 
8-Adsorption kinetics study: 
 
 There are essentially three stages in the adsorption process by porous adsorbents [Mckay et al., 1982]; the 
first is solute transfer from the bulk solution to the external surface of the sorbent through a liquid boundary 
layer (film resistance); the second is solute transfer from the sorbent surface to the intraparticle active sites 
(intraparticle resistance) and, the third is interactions of the solute with the available sites on both the external 
and internal surfaces of the sorbent (reaction resistance). One or more of the above mentioned stages may 
control the rate at which the solute is adsorbed and the amount of solute adsorbed onto the sorbent. 
 The mechanism of adsorption depends on the physical and chemical characteristics of the adsorbent as well 
as on the mass transfer process [Eddy Metcalf, 2003]. The results obtained from the experiments were used to 
study the kinetics of metal ions adsorption. The kinetics rate of metal ion adsorption on rice straw was analyzed 
using pseudo-first-order [Lagergren, 1898] and pseudo-second-order [Ho et al., 2000]. The conformity between 
experimental data and the model predicted values was expressed by correlation coefficients (R2).         
   
8.1-Pseudo-first-order model: 
 
 The adsorption of Fe(III) and Mn(II) ions from a liquid phase (groundwater) to solid phase (rice straw) can 
be considered as a reversible process with equilibrium being established between solution and solid phase. 
Adsorption phenomenon can be described as the diffusion control process, assuming a non-dissociation 
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molecular adsorption of Fe(III) and Mn(II) ions on rice straw particles as follows; A + S ↔ AS, where A is the 
adsorbate, S is the adsorbent and AS is the activated complex. 
 In other words, Lagergren [Lagergren, 1898] suggested a pseudo-first-order equation for sorption of liquid, 
solid system based on solid capacity. It assumes that the rate of change of sorbate uptake with time is directly 
proportional to the difference in the saturation concentration and the amount of solid uptake with time. 
 The Lagergren equation is the most widely used rate equation in liquid phase sorption. The general equation 
is expressed as; 
 
log (qe - qt) = log (qe) – k1t / 2.303                                        (2) 
 
 Where qe and qt are the amounts of metal ions adsorbed onto the adsorbents (mg/g) at equilibrium and at 
time (t), respectively. k1(Lagergren rate constant) is the rate constant of the first-order (min-1). By plotting log 
(qe - qt) versus t, the first-order rate constant k1 and equilibrium capacity log qe can be obtained from the slope 
(negative value) and intercept, respectively. 
 The pseudo-first-order model fitted well for Fe(III) and Mn(II) ions, where log (qe - qt) is highly significant 
negatively correlated with time (t), Fig.(9). This figure shows the kinetics of metal ions adsorption onto rice 
straw. 
 

 
 
Fig. 9: Lagergren plot for the adsorption of F(III) and Mn(II) onto rice straw: pH, 5; initial concentration, 

20mg/L; contact time, 30min; particle size, 0.063mm and weight, 0.1g at room temp. 
 
 However, table (1) indicates that maximum adsorption of metal ions (Fe3+ and Mn2+) does not obey that 
calculated from the pseudo-first-order reaction where theoretical values of qe (mg/g) are not equal or nearly 
close to its experimental values of qe (mg/g). Therefore, this reaction disagrees with the pseudo-first order 
model. 
  
Table 1: Kinetic parameters (pseudo-first-order) for the adsorption of Fe(III) and Mn(II) ions on rice straw. 

Metal ions qe (mg/g) theoretical qe (mg/g) experimental k1 (min-1) R2 
Fe(III) 
Mn(II) 

3.3 
3.95 

10.36 
9.18 

0.0052 
0.0056 

0.99** 
0.99** 

 (**) Highly significant correlation.       

 
8.2-Pseudo-second-order model: 
 
 Ho et al., 2000 developed a pseudo-second-order model which is based on the assumption of 
chemisorptions of the adsorbet on an adsorbent, i.e., the amount of sorbed sorbate on the sorbent. Also, this 
model is based on the assumption that the rate limiting step may be a chemical sorption involving valence forces 
through sharing or exchange of electrons between the adsorbent and the adsorbate [Taty-Costades et al., 2003]. 
The kinetic rate model can be represented as; 
 
dqt / dt  =  k2 (qe – qt)

2                                            (3)  
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 Separating the variables in equation (3) and integrating the boundary conditions, qt = 0 at time t = 0 and qt at 
time t, the integrated form of equation (3) becomes the following equation (4) which is the integrated rate law 
for a pseudo-second-order reaction; 
 
1/(qe - qt) = 1/qe +k2t                                                  (4) 
  
Eq.(4) can be rearranged to obtain the following equation; 
 
t/qt = 1/k2qe

2 + t/qe                                                     (5) 
 
 The equation No.(5) is a linear form equation for a pseudo-second-order reaction. The second-order 
sorption rate constant k2[g/(mg min)] and qe (mg/g) can be determined from the intercept and the slope (positive 
values) of the plot, this is achieved by plotting t/qt versus t as shown in Fig.10. 
 

 
 
Fig. 10: Pseudo-second-order plot for the adsorption of Fe(III) and Mn(II) onto rice straw: pH, 5;  initial 

concentration, 20mg/L; contact time, 30min; particle size, 0.063mm and weight, 0.1g at room temp.  
 
 By applying the pseudo-second-order model, it was found that the kinetic data can be more fitted as shown 
in Fig.(10) for Fe3+ and Mn2+ ions in the studied sorption system, i.e., the pseudo-second-order model fitted well 
for Fe3+ and Mn2+, where t/qt is very highly significant positively correlated with time (t), Fig.(10) and table (2). 
This indicates that the chemisorptions occurs involving valence forces through sharing or the exchange of 
electrons between the rice straw and adsorbed heavy metal ions as covalent forces.  
 The pseudo-second-order equation has the following advantages: it does not have the problem of assigning 
an effective adsorption capacity, i.e., the adsorption capacity,  the rate constant of pseudo-second-order, and the 
initial adsorption rate, all can be determined from the equation without knowing any parameter  beforehand. The 
corresponding parameters of the different kinetic models were determined by linear regression. From table (2) it 
is clear that the theoretical qe values agreed well with the experimental values. This implies that sorption of Fe3+ 

and Mn2+ ions on rice straw follow the pseudo-second-order kinetics. 
 
Table 2: Kinetic parameters (pseudo-second-order) for the adsorption of Fe(III) and Mn(II) ions on rice straw. 

Metal ions qe (mg/g) theoretical qe (mg/g) experimental k2 [g/(mg.min.)] R2 
Fe(III) 
Mn(II) 

10.2 
9.09 

10.36 
9.18 

0.00608 
0.00389 

0.99** 
0.99** 

(**) Highly significant correlation.       

 
8.3-Determination of diffusivity: 
 
 Kinetic data could be treated by the models given by Boyd et al., 1947, which is valid for the experimental 
conditions used. Diffusion found to be rate controlling in the adsorption of Fe(III) and Mn(II) onto the particles 
of spherical shape. As the volume of the solution is much higher compared to the volume of the rice straw 
particle and if the concentration of metal ions is assumed constant from the surface to the center of the adsorbent 
particle, the following equation proposed;  
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              δ      α 
F(t) =1- —  ∑  1/i2 exp (i2 De t π

2 / r2)                                      (6) 
             π2     i =1  
 
 Where, F(t) is the ratio of the amount adsorbed per (g) of adsorbent at time to the amount adsorbed per (g) 
of adsorbent at equilibrium, De is the effective diffusivity (m2/s) and r2 is the correlation coefficient. 
Applicability is highly depend on the ratio of the initial metal ion concentration in rice straw (Co)a  and  in the 
solution Co and of the volume of adsorbent (Va) and the volume of the solution (Vs). For the criterion of “infinite 
solution volume” that is given by the ratio [(Co)aVa << Co(M)Va], where the concentration of metal ion in the 
solution remains negligible throughout the process, and for the range (0 ≤ F(t) ≤ 1) in the solution of divalent 
and trivalent exchangeable ions, Equation (7) can be simplified by Helfferich, 1995 as; 
                           
                         π2 
ln [1/1-f2(t)] = —— De t                                                 (7) 
                     r2 

 

 Where plot of ln [1/1-f2(t)] versus time (t), Fig.11, provide a line from whose slope π2De / r2 and the 
diffusion coefficient De can be calculated.  
 The value of diffusion coefficient as calculated from the equation was found to be 2.636x10-3m2/s and 
2.676x10-3m2/s for the adsorption of Fe(III) and Mn(II), respectively, onto rice straw. 
 The adsorbent has a wide pore size distribution and the pores have different sizes along its length. The 
adsorbent-adsorbet and adsorbet-adsorbet interactions have their impact on the diffusion process and affect the 
value of De. The properties of the adsorbents pore size along the length of pore, orientation; electronic field and 
the interaction of the adsorbet-vander waals’ attractive forces, surface diffusion characteristics and adsorption 
mechanism, all affect the diffusion. Meso-pores are found to occupy most of the pore length of rice straw. The 
diffusion within the pores of wider path and weaker retarding forces of electrostatic interaction accounts for the 
greater De and one within the pore of narrower mesh widths and stronger retarding forces accounts for lower De. 
 

 
 
Fig. 11: Helfferich plot for the adsorption of Fe(III) and Mn(II) onto rice straw: pH, 5; initial concentration, 

20mg/l; contact time, 30min; particle size, 0.063mm and weight, 0.1g at room temp. 
 
9-Adsorption isotherms: 
 
 The adsorption isotherm for the removal of metal ions (Fe3+ and Mn2+) was studied using initial 
concentration between 1 and 30mg/l at pH 5; contact time 30min; particle size 0.063mm and weight 0.1g. The 
adsorption equilibrium data are conveniently represented by adsorption isotherms, which correspond to the 
relationship between the mass of the soluble adsorbed per unit mass of adsorbent qe and the solute concentration 
for the solution at equilibrium Ce. Two equilibrium isotherm equations were used to find out the relation 
between the equilibrium concentrations of the adsorbate in the liquid phase and in the solid phase. These 
isotherms are Langmuir and Freundlich isotherms. In other words, experimental isotherms are useful for 
describing adsorption capacity to facilitate evaluation of the feasibility of this process for a given application 
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and for the productive modeling procedure for analysis and design of sorption systems, i.e., isotherms studies 
provide information on the capacity of sorbent, which is a most important parameter for a sorption system and 
relate metal uptake per unit weight of rice straw (qe) to the equilibrium metal ion concentration in the bulk fluid 
phase (Ce). The adsorption data of the two contaminants metal ions Fe(III) and Mn(II) was analyzed by a 
regression analysis to fit the Langmuir and Freundlich isotherms models [Kinniburgh, 1986 and Hasany et al., 
2000]. The coefficients of these two models were computed. 
 
9.1-Langmuir adsorption isotherm: 
 
 Langmuir model is the best known model to study and determine the chemi-sorption parameters on well 
defined localized sorption sites of the same energy independent of surface coverage [Rutheven, 1984].  
 Langmuir isotherm [Langmuir, 1918] is based on the assumption that (i) maximum adsorption corresponds 
to a saturated monolayer of adsorbate surface, (ii) that the energy of adsorption is constant and, (iii) that there is 
no transmigration of adsorbate molecules in the plane of the adsorbent surface [Namasivayam and Sangeetha, 
2006].  
 Langmuir sorption isotherms were used to fit the experimental sorption data. In other words, the Langmuir 
model has eventually been empirically most often used since it contains the two useful and easily imaginable 
parameters (Qo and b) which are more easily understandable since they reflect the two important characteristics 
of the sorption system [Pehlivan, et al., 2006; Pehlivan and Arslan, 2007; Altun and Pehlivan, 2007; Pehlivan 
and Altun, 2008]. Langmuir equation can be described by the linearized form:- 
 
Ce  / qe  = 1/ Qo.b  +  Ce  / Qo                                                                     (8) 
 
 Where; Ce is the concentration of metal ions in solution at equilibrium (mg/L), qe is the amount of metal 
ions adsorbed at equilibrium (metal ion uptake mg/g), b (Langmuir constant) is the equilibrium adsorption 
constant which is related to the binding energy of the sorption system (L/mg), Qo = qmax (mg/g) represents the 
maximum adsorption capacity of the rice straw towards metal ions. 
 Where the basic assumption of Langmuir model is based on monolayer coverage of the adsorbate on the 
surface of adsorbent [Gao et al., 2008], this is an indication of the fact that the sorption of iron and manganese 
onto the rice straw generates monolayer formation. Linear plot of Ce /qe versus Ce in Fig.(12) for the metal ions 
under investigation was employed to determine the value of b (L/mg) and Qo (mg/g) using the slope and the 
intercept of these lines.  
 

 
 
Fig.12: Langmuir plot for the adsorption of Fe(III) and Mn(II) onto rice straw:  pH, 5; initial concentration, 

20mg; contact time, 30min; particle size, 0.063mm and weight, 0.1g at room temp. 
 
 The data obtained with the correlation (regression) coefficients (R2) was listed in table (3). The plot (Fig.12) 
and table (3) show that the adsorption does not obey the Langmuir model, because the practical adsorption 
capacity (maximum metal ion uptake) does not agree with the maximum adsorption capacity (Qo) calculated 
from Langmuir isotherm model, where the order is Fe3+ > Mn2+. Also, the obtained data (table 3) indicated that 
the binding energy for Fe3+ ion is more than that of Mn2+ ion.  
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Table 3: Langmuir equation and adsorption constants associated with adsorption isotherms of Fe (III) and Mn (II) on rice straw. 
Metal ions Langmuir equation Practical 

adsorption 
capacity (qe) in 

mg/g 

Maximum 
adsorption 

capacity (Qo) in 
mg/g 

Langmuir constant 
Equilibrium 
adsorption 

constant (b) in 
L/mg 

Regression 
(correlation 

coefficient) R2 

Iron Ce/qe = 0.051Ce + 0.674 10.36 19.61 0.076 0.98 
Manganese Ce/qe = 0.061Ce + 0.736 9.18 16.39 0.083 0.98 

 
 Weber et al., 1974 and Hall et. al., 1996 expressed the essential characteristics and the feasibility of the 
Langmuir isotherm in terms of a dimensionless constant separation factor called equilibrium parameter, RL, 
which can be defined as RL = 1/1+bCo. Where, b is the Langmuir constant and Co is the initial concentration 
(mg/l) of the adsorptive. RL values indicate the type of isotherm (adsorption). For favorable adsorption, 0 < RL < 
1; while RL > 1, RL=1 and RL=0, respectively, describe unfavorable, linear and irreversible adsorption [Mckay, 
1995 and Mckay et al., 1982]. The data (Table 4) shows that, RL values for the adsorption of Fe3+ and Mn2+ on 
rice straw at initial concentration 1mg/L (lowest concentration studied) and at 30mg/L (highest concentration 
studied) are 0.67 and 0.063, respectively, for Fe(III) while being 0.71 and 0.077, respectively, for Mn(II), i.e., 
the data obtained represent a favorable adsorption. 
 
Table 4: The values of equilibrium parameter RL for the adsorption of Fe(III) and Mn(II) on rice straw. 

Initial concentration (ppm) RL for Fe(III) RL for Mn(II) 
1 
5 
10 
15 
20 
25 
30 

0.67 
0.29 
0.17 
0.12 
0.09 
0.074 
0.063 

0.71 
0.33 
0.20 
0.14 
0.11 
0.09 

0.077 

 
9.2-Freundlich adsorption isotherm: 
 
 Freundlich isotherm [Freundlich, 1906] is another form of the Langmuir approach for adsorption onto 
amorphous surfaces. The amounts adsorbed are the summation of all sites, each having bond energy. Freundlich 
isotherm is derived by assuming an exponential decay energy distribution function inserted in Langmuir 
equation. It describes reversible adsorption and is not restricted of the formation of the monolayer. Freundlich 
equation predicts that the metal ion concentration on the adsorbent will increase as long as there is an increase in 
the metal ion concentration in the liquid. Meanwhile, Freundlich isotherm is a characterizing model used to 
estimate the surface heterogeneity and active site distribution empirically using the following equation;  
 
Log qe = (1/n) Log Ce + Log Kf                               (9) 
 
 Where; Ce is the concentration of metal ions in solution at equilibrium (mg/L), qe is the amount of metal 
ions adsorbed at equilibrium (metal ion uptake mg/g). The Freundlich isotherm constants Kf and n are constants 
incorporating all factors affecting the adsorption process such as adsorption capacity and intensity of adsorption, 
i.e., Kf and n are corresponding to the adsorption capacity and adsorption intensity, respectively. This gives an 
expression encompassing the surface heterogeneity and the exponential distribution of active sites and their 
energy. This isotherm does not predict any saturation of the adsorbent surface, thus indicating physisorption on 
the surface. In order to evaluate the Freundlich constants, a plot has been drawn between Log qe versus Log Ce, 
Fig.13, and a straight line is found whose slope and intercepts will give the value of n and Kf, respectively. 
 The values of n between 1 and 10 (i.e., 1/n is less than 1) representing a favorable adsorption. So, the n 
values obtained for the adsorption process represented a beneficial adsorption value of Freundlich constants, 
presented in table (5). From Kf constant (adsorption capacity), it can be seen that the affinity of the rice straw 
towards the adsorption of both metal ions follows the order; Fe(III) > Mn(II), i.e., the results showed that the 
adsorption also followed Freundlich isotherm. 
 Comparison of Langmuir and Freundlich isotherm data shows that rice straw, an abundant low cost 
biomaterial which had reasonable uptake capacity (10.36mgFe/g and 9.18mgMn/g) should be seriously 
considered for the disposal of iron and manganese from groundwater. 
 
Table 5: Freundlich equation and adsorption constants associated with adsorption isotherms of Fe(III) and Mn(II) on rice straw. 

Metal ions Freundlich equation Freundlich constants R2 
(Kf) (n) 

Iron log (qe) = 0.786logCe + 0.141 1.384 1.27 0.996 
Manganese log (qe) = 0.752logCe + 0.105 1.274 1.33 0.996 
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Fig. 13: Freundlish plot for the adsorption of Fe(III) and Mn(II) onto rice straw: pH, 5; initial concentration, 

20mg; contact time, 30min; particle size, 0.063 and weight, 0.1g at room temp. 
 
11-Application study using groundwater:  
 
 Groundwater has historically been assumed to be safe for use without treatment. Layers of soil act as a 
natural filter, removing microbes and other particles as water seeps through. Water percolating through soil, 
rock and water bearing formation dissolves elements including iron and manganese that are common among the 
most metallic elements found in the earth's crust. Iron and manganese are not considered as health risk, but at 
concentrations above 0.3 and 0.05mg/l, respectively, for Fe3+ and Mn2+ are considered as health risk. The 
groundwater in the study area is obtained from the Quaternary aquifer. The iron and manganese contents in the 
concerned aquifer exceed the recommended limits for drinking water. So, a trial has been made in this work to 
treat this groundwater using the rice straw. Some groundwater samples collected from the Quaternary aquifer at 
different localities in the study area were chosen for the treatment process. The efficiency of the treatment was 
measured by a chemical analysis of such groundwater samples before and after this process (Tables 7 and 8). 
After the successive consecutive removal processes, it is found that the rice straw were able to remove 45-48% 
of iron and 41-45% of manganese ions at the first process, 31-33% of iron and 28-31% of manganese ions at the 
second process and 19-22% of iron and 16-17% of manganese ions at the third process, i.e., the three successive 
consecutive removal processes improved the efficiency up to 99% and 93% for Fe(III) and Mn(II), respectively. 
 Noteworthy to mention that, at high concentrations of Fe3+ and Mn2+ in the used groundwater, the weight of 
used rice straw must be increased in the treatment processes. 
 
Table 7: The concentration of Fe3+ as ppm in the selected groundwater samples from the study area before and after three successive 

consecutive removal processes. 
Sample 

No. 
Fe(III) as ppm 

State First treatment process Second treatment
process 

Third treatment 
process 

1 Before treatment process 1.028ppm 0.54ppm 0.36ppm 
After treatment process 0.54ppm 0.36ppm 0.29ppm 

percentage of metal removal 47% 33% 19%  
2 Before treatment process 1.04ppm 0.56ppm 0.38ppm 

After treatment process 0.56ppm 0.38ppm 0.3ppm 
percentage of metal removal  46% 32% 21%  

3 Before treatment process 0.55ppm - - 
After treatment process 0.30ppm - - 

percentage of metal removal 45% - - 
4 Before treatment process 0.99ppm 0.51ppm 0.35ppm 

After treatment process 0.51ppm 0.35ppm 0.28ppm 
percentage of metal removal 48% 31% 20%  

5 Before treatment process 1.049ppm 0.566ppm 0.388ppm 
After treatment process 0.566ppm 0.388ppm 0.30ppm 

percentage of metal removal 46% 31% 22%  
6 Before treatment process 1.01ppm 0.537ppm 0.37ppm 

After treatment process 0.537ppm 0.37ppm 0.3ppm 
percentage of metal removal 47% 31% 19% 
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Table 8: The concentration of Mn2+ as ppm in the selected groundwater samples from the study area before and after three successive 
consecutive removal processes. 

Sample 
No. 

Mn(II) as ppm 
State First treatment 

process 
Second treatment

process 
Third treatment 

process 
1 Before treatment process 0.157ppm 0.087ppm 0.06ppm 

After treatment process 0.087ppm 0.06ppm 0.05ppm 
percentage of metal removal  45% 31% 17% 

2 Before treatment process 0.085ppm - - 
After treatment process 0.05ppm - - 

percentage of metal removal  41% - - 
3 Before treatment process 0.11ppm 0.06ppm - 

After treatment process 0.06ppm 0.043ppm - 
percentage of metal removal 45% 28% - 

4 Before treatment process 0.14ppm 0.081ppm 0.058ppm
After treatment process 0.081ppm 0.058ppm 0.049ppm

percentage of metal removal 42% 28% 16% 
5 Before treatment process 0.123ppm 0.068ppm  

After treatment process 0.068ppm 0.049ppm  
percentage of metal removal 45% 28%  

6  Before treatment process 0.12ppm 0.07ppm - 
After treatment process 0.07ppm 0.05ppm - 

percentage of metal removal 42% 29% - 

 
Summary and Conclusions: 
 
 Rice straw is an environmentally friendly potential biosorbent for heavy metals removal. This work 
examined the efficiency of this sorbent in removal of Fe(III) and Mn(II) from groundwater in the study area. So, 
batch adsorption experiments for the removal of Fe(III) and Mn(II) ions from aqueous solutions (groundwater) 
have been carried out using rice straw as an attractive adsorbent. The adsorption characteristics have been 
examined under different pH values, initial metal ions concentrations, contact time, different rice straw particles 
sizes, adsorbent dosage (rice straw weight) and different temperatures. Significant data were obtained through 
this study showed that rice straw appears to be a promising adsorbent for the removal of Fe(III) and Mn(II) ions. 
The obtained results can be summarized as follows; 
 1-The pH experiments showed that the governing factors affecting the adsorption characteristics of Fe(III) 
and Mn(II) ions are competition of the (H+ ions) positive charges accumulated on the surface of the rice straw 
with metal ions at low pH values, maximum adsorption at pH5 and at higher pH precipitation of hydroxyl 
species onto the adsorbents. 
 2-Increase in the initial metal concentration led to slightly increase in the metal ions adsorption due to the 
steric hindrance (or saturation of the binding sites) which retards the movement of these ions. The optimum 
metal ions concentration is 20mg/l. 
 3-The equilibrium time for adsorption of Fe(III) and Mn(II) ions from aqueous solutions (groundwater) was 
achieved after 30minutes of contact time. 
 4-Increase in rice straw particle size led to a decrease in the removal process of Fe(III) and Mn(II) ions. 
 5-Increase in the adsorbent dosage (rice straw weight) in the adsorption process led to an increase in the 
removal process of Fe(III) and Mn(II) ions. 
 6-Increase in temperature led to an increase in Fe(III) and Mn(II) metal ions adsorption. 
 7-At optimum conditions of pH, initial metal feed concentration, contact time, rice straw particle size and 
adsorbent dosage (rice straw weight), the affinity of rice straw adsorption towards the studied metal ions 
concentrations proceeds in the following orders; Fe3+ > Mn2+ (10.36mgFe/g and 9.18mgMn/g), respectively. 
 8-The experimental data were better described by pseudo-second-order model as evident from correlation 
coefficient.  
 9-The effective diffusivity calculated was found to be 2.636x10-3m2/s and 2.676x10-3m2/s for the adsorption 
of Fe(III) and Mn(II) ions, respectively, which also indicate that the interaction between Fe(III) and Mn(II) ions, 
and rice straw is chemical in nature. 
 10-The Freundlich isotherm model was better to represent the experimental data. 
 11-Application study using groundwater containing Fe3+ and Mn2+ ions  concentrations showed that the rice 
straw was able to remove about 45-48% of iron and 41-45% of manganese ions in the first process, 31-33% of 
iron and 28-31% of manganese ions in the second process and 19-22% of iron and 16-17% of manganese ions in 
the third process, i.e., the three successive consecutive removal processes improved the efficiency up to 99% 
and 93% for Fe(III) and Mn(II), respectively. However, this work can be considered a preliminary study to 
conclude that rice straw is suitable and efficient material for the adsorption of Fe(III) and Mn(II) from the 
groundwater in the study area. The experimental results were a good fit with the adsorption isotherm models.  
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Recommendation: 
 
 To increase the removal percentage of Fe3+ and Mn2+ ions from groundwater in the study area, the treatment 
processes must be repeated more than one time, i.e., two or three times in the field (successive consecutive 
removal processes). 
 At high concentrations of Fe3+ and Mn2+ ions in the used groundwater, the weight of rice straw used must 
be increased in the treatment processes.   
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