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ABSTRACT

 This research was accomplished to appraise the performance of Cyperus rotundus  
(Nut grass) Stalk (CRS) in adsorption of lead, heavy metal of aquatic environments. For this 
purpose, the batch system was used to review the effect pH, mixing time, adsorbent particle size and 
temperature for Pb(II) removal by the CRS. The highest lead removal efficacy was achieved when pH 
is 6 and it was considered as the optimum pH. The result indicated the maximum Pb(II) adsorption at 
the contact time of 90 min which implies that increase in contact time leads to a higher lead uptake.
The amount of R2 statistical parameter using the pseudo-second-order is greater as compared with 
other models. The influence of temperature was determined by using thermodynamic parameters 
and the results showed removal of lead on the CRS was endothermic, spontaneous and feasible.
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INTRODUCTION

 Heavy metals are most important pollutants 
and its presence in wastewaters can be the striking 
environmental issue, after all, dissolved toxic 
metal ions can finally enter the food chain and 
thus become for human health is a risk factor1,2. 

A number of industries, such as metalworking, 
mining and leather tanning, have a significant role 
in releasing of the heavy metals into the effluents; 
this event concludes to the freshwater pollution 
and receiving waters3. Heavy metals are not 
biodegradable and can accumulate in tissues and 
can create different diseases and disorders4.
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 One of such heavy metal of concern 
is Pb(II) which the inadvertent exposure and 
consumption of the water and food contaminated 
by this element for extended periods, even with its 
low concentration, can bring an extensive range of 
health issues, e.g., cancer, convulsions, nausea, 
subtle effects on metabolism and intelligence, renal 
failure, nausea, coma5,6. Over the years, more than 
a few methods have progressed to remove the lead 
existed in effluent7. At higher concentrations, lead 
impairs cognitive development, and introduced as 
an enzyme inhibitor in the body, because it can 
replace the vital element zinc from heme enzymes8. 
The highest allowable limit of Pb(II) in potable 
water which is publicized by the World Health 
Organization is 50 μg/L, while the United States 
Environmental Protection Agency has approved 
the values lesser than 15 μg/L as the safe limit 
in this case9. The above-mentioned effects of the 
lead demonstrate the obligation of removing these 
elements from waters and wastewaters to enhance 
the protection of public health and environment10.

 Although, there are various methods to 
eradicate the heavy metal such as adsorption, 
reverse osmosis, f i l t rat ion, ion exchange, 
electrochemical and precipitation1; however, nearly 
all of them have not an adequate performance 
comparing to their operational cost12. Precipitation 
methods have found to be an authentic method 
but they need to large settling tanks and a 
subsequent treatment which it is led to diminishing 
the applicability of this method13,14. Ion exchange is 
another method in field of the removing the heavy 
metal, which allows the extraction of metal ions, but 
it is an expensive and complex method15.

 Adsorption has classified as an economically 
sensible substitute technique to remove the lead. 
Different materials as absorbent have been applied 
for remove heavy metal from solutions such as Azolla 
filiculoides, canola, Lemna minor, corn husk ash, 
Orange peel, and banana16-19. Nowadays, this type 
of material is increasingly attracting attention to be 
used to remove heavy metals.

 Cyperus rotundus (Nut grass) has 
recognized as one of the most invasive weeds 
which it can extensively observe in tropical and 
temperate regions20. It can be found in more than 
90 countries and can infest more than 50 crops; 

hence, it is called as the world's worst weed21.
Therefore, CRS was applied for decrease lead 
as an important contaminant from an aquatic 
environment at adsorption process.The effect of 
influential parameters at batch adsorption process 
such as mixing time, CRS particle size, temperature 
and pH was investigated.

EXPERIMENTAL

Preparation of Adsorbent
 The Cyperus rotundus (Nut grass) Stalk 
was gathered from agricultural university of Tabriz. 
The CRS was first washed carefully with deionized 
water. Then, they rinsed with the hot deionized 
water (75oC) were used to remove the soluble 
colored. The dried biomass sample was exposed at 
0.5 M HCL solution for 120 min under slow stirring. 
The CRS was dried at 75oC at 24 hours. The dried 
CRS were chopped and sifted at 10 to 100 mesh 
and stored in polythene bottles.

Preparation of Pb(II)solution
 A stock solution of lead (concentration 
of 1000 ppm) was provided using an accurately 
weighed quantity of the Pb(NO3)2 in double-distilled 
water. Various concentration of lead solution 
provided with diluted the stock solution.  0.1 N 
NaOH and HCL were used to adapt the pH values 
of metal solutions.

Batch adsorption experiments
 All chemicals used were provided by 
Merck  & Co. (USA). These chemicals are analytical 
reagents and used without further purification. All 
solutions were provided by the double-distilled 
water. To conduct a batch experiment, 0.1 L of 
lead solution (concentrations of 10–200 ppm) were 
poured into a container (200 ml), then 2.5 g/L or 
0.25 g/100 ml of CRS was added to  the solution 
containing lead. Finally, the prepared mixture is 
stirred for 1.5 h at 150 rpm on a mechanical shaker 
and passed 0.45 μm nitrocellulose membrane. 
To measure the lead solution, the AAS (Atomic 
Absorption Spectrophotometer) was utilized. The 
experiments in present study were repeated 3 times 
and the average of these three-step experiments 
was presented as the results. It should be noted 
that the control experiments were performed using 
the blanks containing no metal ions.
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 The below equations are applied to 
determine the %removal and amount adsorbed 
(mg/g)of lead.22-24

 
 C0 is the lead concentration at an initial solution 
(mg/L), Ce is the concentration of lead in effluent after 
removal (mg/L), V is the amount of the solution (L)  
and W is the weight (g) of the CRS applied.

RESULTS AND DISCUSSION

Effect of CRS Particle Size the Adsorption of lead
 Figure 1 epitomizes the lead removal by 
CRS at different adsorbent particles size. This Fig 
indicates that the increase in particle size is led to 
reducing the adsorption capacity. The highest lead 
adsorption of CRS recorded was 71.60 mg/g which it 
was related to a particle size of 100 mesh. This event 
observed in this part of the study can be elucidated 
by the topic that the fine size of the CRS particles has 
the greater interior surface area and the micro-pore 
amount which it can be concluded to more active 
sites for adsorption.25-27 But, for higher particles, 
the pore diffusion resistance is greater for mass 
transfer, which it can decrease and can eliminate 
the utilization of the internal surfaces of the particle 
in adsorption of the Pb(II) and it can consequently 
decrease the amount of Pb(II) adsorbed.28,29

and it remains practically constant after this pH 
value, and the %removal was 89.9% at this pH. 
The competition raised between the lead ions and 
H+ ions which it exists on the binding sites of the 
cells is the reason for decreasing the adsorption 
capacity at lower pH30,31.

Determination of thermodynamic parameters
 The effect of the temperature was 
evaluated at various temperatures (25, 35, 45 
and 55°C) and the data obtained of this section 
were presented in Fig. 3. The higher temperature 
assists to advance the removal of lead on CRS 
(i. e. endothermic process). Furthermore, it may 
produce an inflation effect within the internal part of 
the biosorbent which it can help to penetrate more 
Pb(II) ions.32,33

Fig. 1. Effect of adsorbent particle size (PH: 6, CRS dosage: 
2.5 g/L, C0: 50 ppm, mixing time: 120 min and T: 25oC)

Fig. 2. Effect of pH (CRS dosage: 2.5 g/L, C0: 50 ppm, 
mixing time: 120 min and T: 25oC)

Fig. 3. Effect of temperature (PH: 6, CRS dosage: 2.5 g/L, 
C0: 100 ppm)

Effect of PH on Lead Removal
 The pH has identified as a very important 
parameter  that can significantly affect the biosorption 
process. The optimization of pH in the present study 
was performed at the pH between of 2.0–8.0. The 
data obtained from this section is presented in  
Fig. 2. As it can be observed, The Pb(II) removal 
is absolutely dependent upon the pH up to 6.0 

 Thermodynamic parameters, i.e., free 
energy change (∆Go), enthalpy change (∆Ho), 
and entropy change (∆So) is utilized to determine 
whether the adsorption process is spontaneous or 
not. ∆Go is determined by the below equation.34-36

∆Go = -RT Ln K 

 R and T are the universal gas constant and 
temperature, and K is the distribution coefficient. 
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The following equation expresses the relation 
between ∆Go, ∆Ho and ∆So.37,38

∆Go = ∆Ho- T ∆So

 The amount of ∆Go, ∆Ho, and ∆So related 
to the removal of lead on the CRS at various 
temperatures as shown in Table 1. A negative 
amount of ∆Go obtained shows the possibility of 
the adsorption process. The positive amount of 
∆Ho proves the endothermic nature of adsorption. 
The positive amount of ∆So implies increase 
randomness at the solid/solution interface during 
the removal lead on the CRS.

Table 1: Thermodynamic data for lead removal 
onto CRS at various temperatures

T (OC) ∆GO (kJ/mol) ∆SO (J/mol K) ∆HO (kJ/mol)

   25 -1.044 34.48 7.291
   35 -1.95  
   45 -2.36  
   55 -2.87  

Fig. 4. Effect of CRS dosage (pH: 6, C0: 50 ppm,  
mixing time: 120 min and T: 25oC)

 The above equat ion after def ini te 
integration.41,42

The PSO equation can be shown following 
Eq.43,44

 
Where, K1 and K2 are the rate constants of the 
PFO and PSO.

The linear form of the above-mentioned Eq is.45

 
 The findings are given in Table 2. The amount 
of R2 with PFO was less of 0.912, while for PSO was 
high of 0.99 for all concentrations. It is comprehensible 
that the removal of lead on CRS biomass is better 
demonstrated by PSO which it indicates the adsorption 
system pertains to the PSO model.

 IPD is another model that was also utilized 
to realize whether the rate restrictive step is the IPD, 
film diffusion, or mass action. Since the mass action 
is an extremely quick step in physical adsorption; 
hence it can be neglected. Weber-Moris represented 
the IPD model and it can be written following Eq.45

qt = Kd t
1/2 + I

 The value of the slope correlates to 
Integrated project delivery (IPD) constant and the 
intercept value at an approximate value of the 
boundary layer thickness (Fig. 5). The data at three 
different concentrations illustrate two stages of 
linearity. The first stage is related to the immediate 
adsorption which it completed well within the initial 
45 min; the gradual adsorption is the second stage. 
Both the linear lines, which they are not passing 
through the origin, suggest that there are other limiting 
mechanisms in the adsorption process and the IPD is 
not the only limiting mechanism. Table 2 represents 
the kd and R2 obtained for the IPD. The values of R2 
are lower than expected values of the Pseudo second 
order (PSO) model which it is clarify that the qexp 
values are not in accordance with the IPD.

Kinetic models
 Kinetic studies are important for any type 
of adsorption process. For the adsorption model, 
Pseudo-first-order (PFO) and pseudo-second-order 
(PSO) kinetic and Intra-particle diffusion (IPD) can 
be proposed. PFO kinetics is to describe the rate of 
adsorption process in liquid-solid phase. The Patent 
foramen ovale (PFO) is represented as.40

Effect of Adsorbent Dose
 The effect of CRS dosage on the removal 
of lead was applied by changes the mass of CRS 
in the value 0.5-4 g/L (Fig. 4). The adsorption 
capacity leaned to decrease with the increase of 
CRS amount. At the higher dose of adsorbent, the 
adsorbent may aggregate which it can reduce the 
number of the binding site and consequently, the 
adsorption capacities39.
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Fig. 5. IPD kinetics plot for lead removal onto CRS biomass

Table 2: Kinetic data for the removal of  lead on CRS biomass  at various concentration

Co (mg/L) qe exp (mg/g)  PFO   PSO   IPD 
  K1 qe cal R2 K2 qe cal R2 Kd I R2

     50 14.29 0.0354 8.491 0.889 0.0824 11.56 0.998 0.148 0.849 0.825
    100 29.55 0.0485 21.73 0.912 0.0596 27.44 0.996 0.191 1.654 0.794
    200 48.18 0.0562 32.65 0.858 0.0312 46.39 0.993 0.236 1.974 0.841

CONCLUSION

 The results showed that the CRS biomass 
is a flourishing adsorbent towards the adsorption of 
heavy metal lead from aquatic environments. The 

pH was found to be an effective parameter on lead 
removal, so that the increase of pH is led to develop 
the removal efficacy. pH=6 was observed to be the 
optimum pH. Thermodynamic studies showed that 
a viable and impulsive and endothermic process 
occurs during the removal of lead on CRS. It is 
also confirmed by this fact that the lead adsorption 
increases by temperature rise.
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