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Abstract: -The garden grass was utilized as low cost adsorbent to remove cadmium ions from aqueous solution 

usingbiosorption. All the experiments were conducted in batch system to investigate the biosorption capacity as 

well as the effects of pH, temperature, agitation speed, and initial metal concentration on the biosorption 

efficacy. Fourier Transformation Infrared Spectroscopy analysis was used to find the effectsof functional groups 

of garden grass in biosorptionprocess. The results showed that the garden grass could be used efficiently to 

remove cadmium from aqueous solution and up to 85% of cadmium removal was obtainedat the optimal 

conditions. The biosorption equilibrium was reached at 60 min and the maximum biosorption capacity was 

found to be 17.2 mg/g for 1 g dose.Experimental isotherms data well fittedthe Langmuir model. Experimental 

kinetics data showed that the biosorption process fitted well the pseudo-second-order kinetics model. 
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I. INTRODUCTION 
Nowadays, the pollution of environment by heavy metals has become one of the most serious 

environmental problems (Taha, et al. 2001). This is because they are highly toxic, non-biodegradable, and tend 

to accumulate causing different health problems in living organisms(Anayurt et al. 2009). The heavy metals 

enter in tissues through the food chain and accumulate in the body of all living organisms (Doke et al. 2012). 

Therefore, the elimination of these metals from water and wastewater is important to protect public health. 

Normally water treatment is not practiced by the industries and as a consequence, many times heavy metals are 

found in aquatic environment well above the permissible limit. According to World Health Organization, the 

heavy metals of concern are cadmium, chromium, zinc, copper, lead, mercury, etc. (WHO 1984).  

Cadmium is an extremely toxic metal to humans, plants and animals.The major sources of cadmium 

into the waste streams are electroplating, use of phosphatic fertilizers, smelting, alloy manufacturing, pigments, 

plastics, batteries and mining (Tsezos 2001; Peavy et al. 1985). Kidney and bone damage have been described 

to the main problems for patient chronically exposed to cadmium(Barbier et al. 2005). In the present work, 

cadmium has been chosen as the contaminant in aqueous medium. 

There are several methods for the treatment of metal effluents such as precipitation, ion exchange, 

membrane processes, adsorption and biosorption. Biosorption has been defined as the property of certain 

biomolecules to bind and concentrate selected ions or other molecules from aqueous solution. As opposed to a 

much more complex phenomenon of bioaccumulation based on active metabolic transport, biosorption by dead 

biomass is passive and based mainly on the affinity between the biosorbent and sorbate(Volesky,2007; Diniz et 

al. 2008).Biosorbent comes under the following categories: bacteria, fungi, algae, industrial wastes and 

agricultural wastes (Hossain et al. 2012). Among them, agricultural wastes are the potential sources for 

producing biosorbents as they have low cost and no prominent utilization. A low cost biosorbents are defined as 

one which is abundant in nature, or is by-product or waste material from another industry. Several studies 

showed that agricultural waste either in natural or modified is highly efficient for the removal of pollutants. This 

can be attributed that agricultural wastes are composed of manyeffective functional groups such as lignin, 

cellulose, alcohols, aldehydes, ketonez, carboxylic, phenolic and ether groups (Lü et al. 2010). In case of 

removal of cation metals such Cd(II), Pb(II), and Cu(II), 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.  Otherwise, the mechanism of sorption process of organic materials has been reported to be very 

complex and possibility involves the combination of diffusion, chelation, complxation, coordination, or 

microprecipitation mechanisms depending on the specific biosorbent(Veglio and Beolchini1997). 

Grass is an environmentally friendly, low cost, and abundant material after mowing gardens, lawns, 

and parks. Approximately, ten tons of grass is mower monthly from the gardens of Baghdad University. Often, 

these quantities were dumped in a municipal solid waste landfill. 

Few researches were carried out on the use of gardens grass (GG) as biosorbent. Hossain et al. 

(2012)were the first researchers whose use GG as biosorbent material. They have reported that the GGexhibits 
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an excellentsorption capacity for the removal of copper.Therefore, this study was undertaken to address the 

problem associated with removal of cadmium from aqueous solutions. The main objectives are: (i) to 

characterize the physiochemical properties of GG such as specific surface area and functional groups. (ii) 

toinvestigate the effects of manipulation of some experimental parameters e.g. pH, contact time, biosorbent 

dose, initial concentration and temperature on thebiosorption capacity of Cd(II). (iii) tostudy batch biosorption 

process. (iv) to investigate the isotherm model that can describe the biosorption process. (v) to study the kinetic 

of cadmium biosorption to understand the mechanism of biosorption onto GG. 

 

II. MATERIALS AND METHODS 

2.1 Adsorbent and chemicals 

The GG was collected from the gardens of Baghdad University after mowing. The foreign matters were 

removed manually from the collected GG. To remove dirt and impurities, the GG washed several times with tap 

water then with distilled water. The washed GG was cut into small pieces, sundried and then dried in oven at 60 

°C for 48 h. The driedmaterial was shredded, grounded into powder. The powdered GG was stored in an opaque 

and air-tight polyethylene container at room temperature for using in the biosorption experiments with required 

amounts.The average particle size of powdered grass was measured by sieving method.The Physico-chemical 

properties of GG were measured at Iraqi Oil and Development Centre and listed in Table (1). 

All the chemicals used in this work are analytical grade reagents with deionized water used for solutions 

preparation. Stock solution (1000 mg/L) of Cd(II) was prepared by dissolving the appropriate weight of 

cadmium nitrate Cd(NO3)2  in distilled water and kept in glass container at room temperature. The cadmium 

nitrate was supplied from FLUKA Company. The desired concentrations were prepared by diluting the stock 

solution in accurate proportions to different initial concentrations. The concentration of metal was subsequently 

determined using flame Atomic Absorption Spectrophotometer (AAS, type: SHIMADZU, Model: 7200, 

JAPAN). The initial pH of the working solutions was adjusted by addition of 1 mol/L NaOH or HNO3 using a 

pH meter (WTW, inoLab 720, Germany). 

 

Table (1): Physico-chemical characterization of the powdered grass 

Parameter value 

Particle size (mm) 0.2-0.3 

Surface area (m
2
/g) 5.6 

Bulk density (g/L) 0.48 

Porosity (%) 60.5 

Moisture content (%) 1.57 

Ash content (%) 0.99 

 

2.2 Biosorption isotherm experiments 

Biosorption of Cd(II) onto GG was investigated in batch mode sorption equilibrium experiments. The 

experiments were carried out in 250 mL sealed conical flasks containing 100 mL of pre-determined aqueous 

solution concentration (1-50 mg/l) and 1g of GG, which was continuously shaken at room temperature (20±3 

°C).Before determining optimum pH, the experiments were carried out at the original pH of cadmium-garden 

grass solution. Nine flasks were put in a shaker (Edmund Buhler, 7400 Tubingen Shaker-SM 25, Germany) with 

constant shaking speed (200 rpm) for 3 h was maintained throughout the experiments.After biosorption, the 

sorbent was separated from aqueous solution by using filter paper (WHATMAN, No.42, diameter 7 cm). The 

residual concentrations of Cd(II) were measured by AAS. Biosorption capacity at equilibrium conditions (qe) 

was calculated using the following equation: 

 

q
e
=
 Co-Ce V

m
                                  (1) 

where, qe is the equilibrium biosorption capacity(mg/g); Co and Ce are the initial and equilibrium adsorbate 

concentrations in the water (mg/L), respectively; V is the volume of used solution (L); and m is the mass of used 

adsorbent (g). 

The percentage of cadmium removal (%) was calculated using the following equation: 

% Removal=  
Co−Ce

Co
 × 100        (2) 

 

2.3 Effect of pH, temperature, agitation speed, and initial concentration 

The effects of pH, temperature, agitation speed, and initial concentration on the biosorptionefficiency 

were studied as follows. The effect of pH was performed by shaking sixconical flasks each containing 1 g of 

adsorbent dose with 100 mL of Cd(II) solution of 50 mg/l concentration. The pH of these solutions was adjusted 
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to 2, 3, 4, 5, 6, and 7. ThepH above 7 was excluded due to precipitation of Cd(II) as hydroxide may occur. The 

suspension were shaken at room temperature for 3 h in shaker (200 rpm) and the residual amount of Cd(II) was 

determined after filtration using AAS.The temperature effect was conducted using 100 mL of 50 mg/l initial 

Cd(II) concentration. The solutions temperature was 15, 25, 35, 45, and 55°C and the shaken speed was 200 rpm 

for 3 h. To study the variation of removal efficiency with different initial Cd(II) concentration, different Cd(II) 

concentrations of 10, 50, 75 and 100 mg/l were shaken with 1 g of garden grass dose . The pH of solutions was 

fixed at 4 and the agitation speed was 200 rpm for 4 h.In order to identify the effect of agitation speed variation 

on the removal efficiency, beaker of 2 liter was filled with 1 liter of 50 mg/l metal solution and agitation started 

before adding the 10 g of grass, and then samples were taken from1 to 240 min to be measured of their 

remaining concentration. The optimum pH of removal that obtained from equilibrium isotherm experiments was 

fixed for metal solution before agitation process started at 100, 150, 200,and 300 rpm.  

The experimental isotherm data were fitted with the two well-known sorption isotherm models which 

are Langmuir and Freundlich models. These two models are presented in Table (2).  The Langmuir model is the 

simplest theoretical model for monolayer sorption onto a surface and assumes that all of the sorption sites have 

equal adsorbate affinity (Bulut and Aydin 2006). The Freundlich isotherm is used for homogenous systems in 

which the heat of sorption decreases in magnitude with an increasing extent of sorption (Kavitha and 

Namasivayam 2007). The Freundlich isotherm describes the ratio of the amount of solute that is adsorbed onto 

a given mass of adsorbent to the concentration of solute in the solution.   

 

2.4 Kinetic study 

The biosorption kinetic experiments were conducted at concentration of 50 mg/l and 10 g of GG in 

beaker containing 1L of adsorbate solution and agitated in a shaker at a shaking speed of 200 rpm. Samples 

were taken at different time intervals to be measured of their remaining Cd(II) concentration. The amount of 

biosorptioncapacityfor each time intervalwas calculated by using eq. (1) 

Kinetic models can be helpful for understanding the mechanism of sorption and for evaluating the 

performance of an adsorbant. In this study, thesorption kinetic data were analyzed by pseudo-first-order and 

pseudo-second-order kinetic models. Azizian (2004) reported that k1 is not the intrinsic sorption rate constant 

which was mistakenly reported in the literature. He explained that it is a combination of sorption (ka) and 

desorption (kd) rate constant. The equations for kinetic models are presented in Table (2). The pseudo-second-

order kinetic model is based on the assumption that the rate of sorption follows second order chemisorptions 

(Ho and McKay 1999). 

 

 
 

2.5 Fourier Transfer Infrared Spectroscopy (FTIR) Analysis 

Infrared spectra of powdered raw grass and Cd(II) loaded grass samples were obtained using Fourier 

transform infrared spectroscope (Model: SHIMADZU 8500S). Normally the spectra are measuring within the 

range 4000-500 cm
-1

 (Doke et al. 2012). 
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III. RESULTS AND DISCUSSIONS 
3.1 FTIR analysis 

FTIR spectra reveals the specific surface functional groups on biosorbent based on the characteristic 

absorbed energy for each bonds in certain groups (Putra et al. 2009). Fig.1 shows the results of the observed IR 

absorption frequencies in different regions for GG before and after biosorption of Cd(II). The results of the 

FTIR spectrum showed that there were different functional groups detected on the surface of the GG. The broad 

peak detected in spectra at 3441 cm
-1

 can be assigned to hydroxyl and amine groups (-OH and –NH) of alcohols, 

phenols, and carboxylic acids (Vilar et al. 2009; Chen et al. 2012). The peaks at 3062; 2920, and 2850 cm
-1

 can 

be assigned to alkyl chains (-C-H) (Arief et al. 2008; Veghetti 2009). The peaks in the region 1720.5 to 1431 

cm
-1

 are due to the presence of, carboxylates, amide, sulfonates and ketones  groups (-C=O) (Arief et al. 2008). 

The –C-O, C-C and –C-OH stretching vibrations can be attributed to peaks in the region of 1359 to 1041 cm
-1

. 

Some bands in the fingerprint regions (900-750 cm-1) could be attributed to the aromatic –C-H groups (Al-Rub 

et al. 2006). It was observed from Fig. 1 that after biosorptionCd(II), some peaks were shifted or disappeared 

and that new peaks were also detected, which suggested that there was a binding process taking place on the 

surface of the adsorbent.  This figure reveals the presence of non-symmetric shifting mainly at spectra range of 

2900 to 1750 cm
-1

 and 900 to 500 cm
-1

, some peaks are still with no shifting mainly at range of 1700 to 1010 

cm
-1

. So that, it can be conclude that the adsorption capacity of Cd(II) onto GG is influenced by the type and 

number of functional groups. These results are agreed with the results that observed by Arief (2009) who noted 

that the adsorption capacity of Cr(VI) is strongly influenced by type and number of functional groups on the 

surface of biosorbent. 

 

 

3.2 Effect of pH 

The efficiency of sorption process is pH dependent due to the variation in pH value leads to variation 

of surface properties of adsorbent and the degree of ionization (Aksu and Donmez 2003). The effects of pH, 

ranging from 2 to 7, on the biosorption efficiency were studied and the results are depicted in Fig. 2. The results 

showed that the solution pH played a significant role in the biosorption process. From this figure, it can be seen 

that the best pH value for Cd(II) removal was around 4. At lower pH, the active surface sites of the GG were 

either positively charged (Lu et al. 2008) thus the protons tend to compete with metal ions, or dissociated 

(Lodeiro et al. 2004 ), which resulted in a decrease in the Cd(II) removal efficiency. At higher pH, the removal 

percentage was decreased due to precipitation of metals as hydroxides during the biosorption process. A similar 

trend was reported for the biosorption of Pb(II), Cd(II), Cu(II), and As(III) removal onto algal biomass 

(Sulaymon et al. 2013).  
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Fig. 2.  Effect of pH on Cd(II) biosorption 

 

3.3 Effect of temperature 

The effect of temperature on the Cd(II) removal efficiency has been investigated within a temperature 

range of 15 to 55 °C and the results are depicted in Fig. 3. It can be seen that the maximum percentage removal 

was occurred between 25-45 °C.   

 The variation of temperature has two major effects on the sorption process. Increasing the temperature 

is knowing to increase the rate of diffusion of the adsorbate molecules across the external boundary layer and in 

internal pores of the adsorbent particles as a result of the reduced viscosity of the solution (Almeida et al. 2009; 

Bulut et al. 2012). In addition, several authors showed that further increases in temperature lead to a decrease 

the percentage removal. This may be attributed to an increase in the relative desorption of the metal from the 

solid phase to the liquid phase, deactivation of the biosorbent surface, destruction of active sites on the 

biosorbent surface due to bond disruption (Saleem et al., 2007; Meena et al., 2005), or due to the weakness of 

the sorbent active site binding forces and the sorbate species and also between the adjacent molecules of the 

sorbed phase (Sari and Tuzen 2008). It can be seen from Fig. 3, that the variation of temperature from 25 to 35 

°C has minimal effect on the biosorption process, so that experiments can be carried out at room temperature 

without adjustment. 

 
Fig. 3.  Effect of temperature on Cd(II) biosorption 

 

3.4 Effect of initial conc. 

Fig. 4 shows the results of experiments that measured the effect of variation of initial Cd(II) 

concentration on the removal percentage. The results indicated that the percentage removal of Cd(II) was 

slightly decreased with an increase in the initial Cd(II) concentration from 10 to 50 mg/l, the removal percentage 

was decreased from 83 to 81%. While a rapid decrease in the percentage removal was observed at initial 

concentrations ranging between 50 to 100 mg/l. This behavior may be attribute to the decrease in the available 

sorption sites on the surface area of the adsorbent in the range of Cd(II) concentration from 50 to 100 mg/l. the 

same behavior was observed by Li et al. (2012) and Anwar et al. (2010).   
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Fig. 4.  Effect of initial conc. on Cd(II) biosorption 

 

3.5 Effect of contact time and agitation speed 

The effects of contact time and agitation speed on the removal efficiency were studied. Fig. 5 is the 

typical concentration decay curves of Cd(II) that carried out at different agitation speeds. This figure shows that 

the removal efficiency increased with an increase in the agitation speed and remained constant after reaching 

equilibrium time. The optimum agitation speed needed to achieve maximum removal was found to be 300 rpm.  

In addition,  Fig. 5 indicates that the Cd(II) removal was rapid at the beginning of contact time and the 

equilibrium condition gradually reached. This can be attributed to the high availability of surface binding sites 

onto garden grass while slow rate was attributed to the slow pore diffusion of solute ions into the bulk of the 

adsorbent (Chen et al. 2012). Vijayaraghavan and Yun (2008) indicated that with appropriate agitation, the 

mass transfer resistance can be minimized. Additionally, increasing the agitation rate, the diffusion rate of a 

solute from the bulk liquid to the liquid boundary layer surrounding particles becomes higher due to the 

enhanced turbulence and the decrease in the thickness of the liquid boundary layer.  

 
Fig. 5.  Effect of contact time on Cd(II) biosorption 

 

3.6 Isotherm Models 

  The biosorption isotherm is a plot that shows the amount of equilibrium uptake vs. the concentration of 

ion in the solution at equilibrium state (Radnia et al. 2012). This was obtained by the measurement of 

equilibrium uptake at initial concentration range 1-50 mg/l as shown in Fig. 6.  The values of biosorption 

capacity increased with the increase of the initial concentration of Cd(II) in the range from 1 to 30 mg/L, then 

the biosorption capacity reached a plateau. The static biosorption capacity (17.2 mg/g) of the GG sorbent for 

Cd(II) was obtained. 

Analysis of isotherm data by adapting to different isotherm models is an important step that can be used for 

design purpose (Doke et al. 2012). Therefore, the experimental equilibrium data were correlated with Langmuir, 
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and Freundlich isotherm models. The linearized form of these two models was presented in Table (2). A plot of 

(Ce/qe) vs. Ce should yield a straight line if the Langmuir equation is obeyed by the sorption equilibrium. The 

slope and the intercept of this line then yield the values of constants qm and KL, respectively. The Freundlich 

coefficients can be determined from the plot of  lnqe vs. lnCe. 

  Table (3) shows the constants of the Langmuir and Freundlich isotherms. High R
2
 value (0.947) of 

Langmuir model compared to the Freundlich model indicates that the biosorption of Cd(II) onto garden grass 

follows the Langmuir isotherm model.  

 

3.7 Biosorption Kinetic study 

 Many applications, such as wastewater treatment and metals purification, need rapid sorption rate and 

short contact time. The sorption rate is an important parameter used to image the sorption process (Fan et al. 

2012). Kinetics of metal ion biosorption determines the rate, which simultaneously calculates the residence time 

in batch/continuous mode operations and efficiency of an adsorbent (Krishnan and Anirudhan 2003). 

Fig. 7 shows the time dependence of the sorption capacity of grass for Cd. It can be seen that the sorption 

capacity of Cd(II) increased with the time during the first hour and then a saturation value was reached. It was 

reasonable to assume that this fast sorption process was due to strong chelation of adsorbent and its smaller 

diffusion barrier (Fang et al. 2005;  Vijayaraghavan and Yun 2008). 

Two different kinetic models (pseudo-first-order and pseudo-second-order kinetic models) were used to 

fit the experimental data. The linear expression of these two models is presented in Table (2). The rate constant, 

k1 (min
-1

) and correlation coefficients were calculated from the linear plot of ln(qe-qt) vs. t and were listed in 

Table (4). However, linearity of the plots did not necessarily assure the pseudo-first order mechanism. There 

was a large deviation between the calculated values and the experimental values of sorption capacity. The 

pseudo-first-order kinetic model was therefore less likely to explain the rate process.  

The second-order-kinetic model is based on assumption that the sorption follows second order 

chemisorption (Ho and McKay 1999). The linear expression of this model is presented in table (2). The rate 

constant of the pseudo-second-order sorption k2 (g/mg.min) was calculated from the linear plots of t/qt vs. t and 

is given in table (4). The straight line with high correlation coefficients (R
2
> 0.99) was obtained. So that, these 

results suggest that the second-order-kinetic model can be successfully describes the kinetic of the biosorptionof  

Cd (II) onto GG. 

 

 
Fig.6 Biosorptioncapacity of GG for Cd(II): concentration =1-50 mg/l, contact time 3 h at 200 rpm,, pH=4.3,GG 

dose=1 g, temp.= room temperature 
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Table (3) Langmuir and Freundlich isotherm constants for the biosorption of Cd(II) onto grass 

Freundlich isotherm model  Langmuir isotherm model 

n=2.29  qm=29.25 

kf=5.5  kL=-0.283 

R
2
=0.821  R

2
=0.947 

 

Table (4) Kinetic parameters of Cd(II) biosorption onto GG 

qeq (exp) 

(mg/g) 

Pseudo-first-order model  Pseudo-second-order model 

k1 

 (1/min) 

qeq (cal.)  

(mg/g) 

R
2
  k2  

(g/mg.min) 

qeq (cal.) 

(mg/g) 

R
2
 

18.19 0.0234 13.59 0.934  0.0022 19.2 0.996 

Fig.7Sorption rate of GG sorbent for Cd(II) ions : range of contact time=1-240 min, initial Cd(II) conc.=50 

mg/l,pH=4, GG dose= 10g , temp.= room temp. 

 

 

 

IV. CONCLUSIONS 
This study confirmed that garden grass, a low cost agricultural biosorbent, is a promising biosorbent for 

the cadmium removal from aqueous solution. The results showed that it was effective to remove cadmium in the 

acidic medium and at room temperature. The equilibrium biosorption was practically achieved in 60 min. The 

maximum biosorption capacity obtained was 17.2 mg/g, for 1 g dose at room temperature.  The results indicated 

that Langmuir model provided the better correlation of experimental data. Pseudo-second-order kinetic model 

explained the biosorption dynamics process of the cadmium onto garden grass than the pseudo-first-order 

kinetic model. 
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