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Abstract 

Background: Today, through various industrial processes, toxic heavy 

metals are released into aquatic environments that are harmful to the 

ecosystem. In the present investigation, removal of such contaminants 

from industrial wastewater is necessary. The purpose was made to 

extend an ecofriendly technology by using a bio carbon generated from 

sunflower waste biomass. 

Methods: The impact of initial pH of solution (2–10), initial heavy 

metal concentration, and bio carbon dose on the adsorption processes 

was studied. The residual concentration of samples, Cr(III), Cd(II) and 

Pb(II) after adding adsorbent and then filteration was determined 

using atomic absorption spectroscopy. 

Results: The equilibrium data were found to be well described by the 

Langmuire model. The Langmuire isotherm feasibility was checked 

with the dimensionless separation factor (RL). 

Conclusions: The introduction of a new adsorbent represents a great 

challenge for both academia and industry, and among all of the 

methods for removal contamination, we choose adsorption processes. 

Overall, the work demonstrates the possible use of sunflower waste 

biomass, as an effective adsorbent for the removal of heavy metals 

from wastewater. 

 

Keywords: Adsorbent, Sunflower wasted biomass, Heavy metals. 
*Corresponding to: S Nazemi, Email: nazemi@shmu.ac.ir 

Please cite this paper as: Mohmmadkhani S, Yeganeh J, Nazemi S. 

Sunflower wasted biomass as a remarkable adsorbent for removal of 

heavy metals from waste waters. Int J Health Stud 2016;2 (3):26-30. 

Introduction 

Heavy metals in wastewater are a significant public and 

environmental problem. Industries such as tanneries, metal 

plating facilities, and mining can lead to the contamination of 

wastewater.1,2 

Increasing these metals in wastewater can be hazardous for 
human health, and lead is one of the most harmful elements 
because of its toxicity and its widespread effects on the 
environment.3,4 All Lead compounds are poisonous and can 
affect the nervous system.5  Chromium exists in all oxidation 
states from (III) to (VI). Chromium is corrosive, an irritant, and 
toxic. The Cr (VI) is a known carcinogen and designated a 
hazardous pollutant. The maximum allowable limit of total 
Chromium in drinking water as recommended by the World 
Health Organization is 0.05 mg/L.6  Cadmium is another toxic 
heavy metal of significant environmental and occupational 
concern, and it has been released to the environment through 
the combustion of fossil fuels, metal production, application of 
phosphate fertilizers, electroplating, and the manufacturing of 

batteries, pigments, and screens.7,8,9 This heavy metal has 
resulted in serious contamination of both soil and water. 
Cadmium has been classified as a human carcinogen and 
teratogen, impacting lungs, kidneys, liver, and reproductive 
organs.6,10 The world Health Organization has set a maximum 
guideline concentration of 0.003 mg/L for cadmium in drinking 
water.11 

The removal of pollutants such as Lead and Cadmium from 

wastewater has been accomplished through a range of chemical 

and physical process.12,13 Traditional methods such as 

adsorption, precipitation, coagulation, and ion exchange are 

costly.14 Among these, biosorption is an interesting technology 

for the treatment of wastewaters containing heavy metals.15,16 

Today, some natural biowastes have been studied to be used as 

adsorbents. Some low cost natural materials are as follows: 

grape baggase,17 rice husk,18 saw dust,19 fly ash,20 green 

coconut shell powder,21 and plant biomass.22 Plant biomass 

compositions are very interesting because of biopolymers 

containing lignocellulos and tannins, which may lead to the 

binding of metal ions due to the presence of functional groups 

like hydroxyl, carboxyl, carbonyl, thiol, and amine.23  

Studies show that several biological types of adsorbent 

have been investigated for sorption of different heavy metals 

from effluents. In this study we strive to use sunflower waste 

biomass as efficient adsorbents. Sunflower is one of the 

significant oil producing resources, and after extraction of oil, 

massive quantities of sunflower head and stalks are produced 

that are burnt in farms that are just causing environmental 

pollution.24 Also sunflower waste biomass contains functional 

groups like hydroxyl, carboxyl, and carbonyl as indicated by 

FT-IR analysis reported elsewhere.25 The adsorbents have a 

good capacity for adsorption of heavy metal ions like Cr (VI) 

and Cd (II), etc., from aqueous solutions.26,27 Recently, 

scientists have used various substances as adsorbents; for 

example, Zhen Zhu and Wei Li used Zinc oxide-functionalized 

MCM-41 (ZM) as an adsorbent for the removal of Pb+2 from 

an aqueous solution, and the results indicate that the ZM has 

potential as a promising application in the field of water 

pollutant treatment because ZM can be used consecutively.28 

Some scientists used activated carbon as adsorbent for the 

removal of heavy metal ions and dyes, but it cost is more for 

them rather than using biosorbents as adsorbents. Also the aim 

of this study is to characterize the effect of pH, metal ion 

concentrations and adsorbent dosages on the adsorption of 

metal ions by sunflower waste biomass. Then adsorbent 

isotherms such as the Langmuire, Freandlich, and Temkin 

models were studied for the experimental data. 
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Materials and Methods  

A stock solution (1000 mg/L) of Pb (II), Cd (II), and Cr 

(III) ions was prepared by dissolving analytical grade 

substances of Pb(NO3)2, Cd (NO3)2, and CrCl3.6H2O. 

In order to prevent the formation of metal hydroxide and to 

return the metal ion to the dissolved state, the stock solution 

was acidified to the desired pH, and the desired pH values of 

the solutions were adjusted using 0.1 N HCl and 0.1 N NaOH. 

All chemicals and reagents were analytical grade. 

The sunflower head and stems were collected directly from 

the agricultural farms. They were ground into fine powder and 

were mixed and concentrated with H2SO4 in the ratio of 2:1 

(H2SO4: sunflower, v/w) and carbonized at 150°C in a hot air 

oven for 24 h. The charred material was repeatedly washed 

with deionized water until excess acid was removed and finally 

soaked in 2% Na2HCO3 (w/v) overnight to remove any residual 

acid from the material. The adsorbent was washed again with 

deionized water several times and dried in a hot air oven at 

150°C for 8 h as reported by Jain et al.25 

Batch adsorption studies were conducted by placing a 

certain amount of bio sorbent in contact with solutions. All 

adsorption experiments were performed at room temperature. 

To study the influence of parameters on the aqueous solutions, 

mixtures in a screw-top flasks were agitated on a rotating 

shaker at 150 rpm for a period of 180 min, which caused 

mixtures to definitely reach equilibrium. Then after filtration 

through Whatman filter paper, the filtrate was collected, and 

analyzed for unabsorbed metal ions using an atomic absorbance 

spectrophotometer with an air- acetylene flame. 

The adsorbed amount of Pb (II), Cd (II), and Cr (III) and Cr 

(VI) ions onto the adsorbent were calculated by the following 

equations:29,30 
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where C0 is the initial concentration (mg/L), Ct is the amount 

of concentration (mg/l) at any time t and Ce is the amount of 

concentration (mg/L) in equilibrium, V is solution volume (L); 

and M is MnO2/MWCNT nanocomposite mass (g). As a 

specific amount of solution with a certain concentration. 

Results 

As we know, the pH of solution influences the distribution 

of active sites on the surface of an adsorbent, thus in this study, 

the pH of solution was varied in the range of 2–10, and the 

results showed that among these, the pH values of 3, 10, and 7 

for Chromium, Cadmium, and Lead, respectively, had a higher 

removal percentage compared to other pH values. 

The concentration of metal ions was found by varying the 

concentration of metal ions in the range of 10–70 mg/L, with a 

10 mg/L variation, and optimized metal ios concentrations as 

30, 60, 60 mg/L for Cr, Cd, and Pb, respectively, show a higher 

percentage of removal as compared with other concentrations.  

The effect of adsorbent dose was evaluated using various 

quantities of adsorbent ranging 0.1–0.5 g, with the variation of 

0.1 g, The adsorbent dose of 0.5, 0.5, and 0.1 g gives more of a 

removal of Cr, Cd, and Pb, respectively, as compared with 

other adsorbent dosages. 

The isotherm equations were used to help predict the 

distribution of atoms or molecules between the liquid phase 

and solid phase at an equilibrium state. In this study, the 

experimental adsorption isotherm data were calculated by three 

importantly used models such as the Langmuir, Freundlich, and 

Temkin isotherm models. The parameters obtained from these 

models provided essential evidence for the prediction of the 

mode of the sorption mechanism and the effect of the affinity 

between the adsorbent and adsorb ate molecules. 

The linearized form of Langmuir adsorption isotherm 

equation is as follow: 
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The linearized form of Freundlich adsorption isotherm equation: 

(4)                  (
 

 
)           

The linearized form of Temin adsorption isotherm equation: 

(5)                              

where Ce (mg/L) is the equilibrium concentration of Cr, 

Cd, and Pb ions, and qe (mg/L) is the amount of heavy metals 

adsorbed at equilibrium; qm (mg/g) is the maximum adsorption 

at monolayer and KL (L/mg) is the Langmuir constant, 

including the affinity of binding sites. KF[(mg/g)(L/mg)1/n] and 

n are Freundlich constants indicating adsorption capacity and 

intensity, respectively. 

KT (L/g) and B1 are the Temkin constants (KT is the 

equilibrium binding constant and B1 is related to the heat of 

adsorption). The amounts of Langmuir, Freundlich, and 

Temkin parameters were calculated from the slope and 

intercept of linear plots of 1/qe versus 1/Ce, Ln qe versus Ln Ce 

and qe versus Ln Ce, respectively.31,32,33 Also, the essential 

characteristics of the Langmuire isotherm can be express by the 

dimensionless constant called equilibrium parameter RL, 

defined by.34 

(6)                    
 

     
 

Further we display the adsorption isotherms plots (Figure. 1-3) 

where C0 is the initial concentration of metal ion (mg/L). The 

RL value indicates the mode of sorption of the isotherm 

process, whether the process is unfavorable (RL > 1), or Linear 

(RL=1), or favorable (0<RL<1), or irreversible (RL=0). Also, 

constant factor models and correlation coefficients (R2) from 

linear models were fitted by the experimental results of 

adsorption processes by using Excel software and comparisons 

with each other. All investigated parameters were shown on 

table 1- 6. 
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Figure 1. Plots of linearized Langmuir (a), Freundlich (b), and Temin (c) 
adsorption isotherms for Cr ions 

 

Figure 2. Plots of linearized Langmuir (a), Freundlich (b), and Temin (c) 
adsorption isotherms for Cd ions 
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Figure 3. Plots of linearized Langmuir (a), Freundlich (b), and Temin (c) 
adsorption isotherms for Pb ions 

 Table 4. Isotherm parameters for the adsorption of Cd+2 onto adsorbent 

Table 3. Amount of C0, Ce, qe, RL and removal percent of Cd+2 

Initial 
concentration 

(mg/L)  

Concentration 
at equilibrium 

(mg/L)  

Uptake amount 
at equilibrium 

(mg/g)  
RL 

Removal 
percent  

30 0.78 5.844 0.54 97.4 
40 1.01 7.798 0.47 97.475 
50 1.35 9.73 0.41 97.3 
60 1.56 11.688 0.37 97.4 

qm (mg/g) k (L1/n.mg(n-1)/n.g-1) 
277.7 7.509 

b (L/mg) N 
0.027 1.037 

Table 5. Amount of C0, Ce, qe, RL and removal percent of Pb+2 

Initial 
concentration 

(mg/L)  

Concentration 
at equilibrium 

(mg/L)  

Uptake amount 
at equilibrium 

(mg/g)  
RL 

Removal 

percent 

30 3.9 5.22 0.319 87 
40 5.3 6.94 0.260 86.7 
50 7.6 8.48 0.219 84.8 
60 10 10 0.190 83.3 

Table 6. Isotherm parameters for the adsorption of Pb+2 onto adsorbent 

qm (mg/g) k (L1/n.mg(n-1)/n.g-1) 

24.44 2.1511 
b (L/mg) N 

0.07 1.481920569 

Discussion 

The aim of this study was to reveal the potential of 

sunflower waste biomass as an effective adsorbent for the 

removal of heavy metals. Though the activated carbon was 

prepared from waste biomass the results indicate that sunflower 

waste biomass has enough efficacy for removing heavy metals. 

The data from the batch of bio sorption studies provided 

essential information in terms of optimum pH, bio carbon dose 

for the removal of ions from wastewater. The bio sorption 

process is significantly controlled by the pH of the solution. 

The low cost of this compound may offer unique advantages 

for its use in water treatment. The value of r2 for the Langmuire 

isotherm for all systems shows much more compatibility. In 

this study, the dimensionless separation factors were lying in 

the range of 0 < RL < 1, this shows that the isotherm process 

was feasible. Thus, the above findings encourage us to explore 
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Table 1. Amount of C0, Ce, qe, RL and removal percentage of Cr 

Initial 
concentration 

(mg/L) 

Concentration 
at equilibrium 

(mg/L)  

Uptake amount 
at equilibrium 

(mg/g)  
RL 

Removal 
percent  

30 1.5 5.7 0.02 95 
40 4.9 7.02 0.01 87.75 
50 11.2 7.76 0.01 77.6 
60 21 7.8 0.01 65 

Table 2. Isotherm parameters for the adsorption of Cr ions onto adsorbent 

QM (MG/G) k (L1/n.mg(n-1)/n.g-1) 
8.05 5.56 

b (L/mg) N 
1.602 8.071 
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the sunflower waste biomass surface further for the removal of 

various pollutants based on their physicochemical diversities, 

and works are in progress. 
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