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Abstract: The authors investigated sorption of Pb(II) and Cd(II) ions from aqueous solutions on selected 

natural wastes: sunflower hulls, walnut shells and plum stones. The chemical and physical structure of the 

surface of these sorbents was determined using infrared spectrometry and scanning electron microscopy. 

The most favourable physicochemical parameters of the sorption processes were also defined. The 

sorption of Pb(II) and Cd(II) ions was described according to the Langmuir and Freundlich models. It has 

been shown that the adsorbents studied can be effectively used in removing heavy metals from aqueous 

solutions. The sunflower hulls have the highest sorption capacity for Pb(II) and Cd(II) ions. It is equal to 

36.93 mg/g for the Pb(II) ions and 19.93 mg/g Cd(II) ions. The calculated values of thermodynamic 

functions indicate a spontaneous (ΔGº< 0) and exothermic (ΔHº< 0) nature of the sorption processes. A 

participation of ion exchange in these processes is significant. Desorption tests confirm that the adsorbed 

heavy metals can be recovered and the sorbent materials after regeneration can be reused.  
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Introduction 

Water pollution with heavy metals is now one of the most important environmental 

threats. These metals have harmful effects on living organisms, which are related to 

their carcinogenic and mutagenic properties and the ability of the metals to 

bioaccumulation (Senczuk, 1999). 

For water and waste water purification from heavy metals a number of 

conventional methods are used, such as chemical precipitation (Alvarez et al., 2007; 

Ghosh et al., 2011), ion exchange (Kocaoba, 2007; Rao et al., 2010) and adsorption on 

active carbon (Sulaymon et al., 2009; Tajar et al., 2009; Machida et al., 2012). The 

methods are widespread and have many advantages. However, due to their limitations 
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and high cost of application (especially in low concentration of contaminants) they 

also have some disadvantages. Therefore, new alternatives that will combine 

efficiency with economy should be searched for. Natural sorbents give perspectives to 

meet those requirements. Among them both dead organic matter and living micro-

organisms may be mentioned. Sorption capacity of this type of organic materials to 

heavy metals ions is significant, which was lately confirmed, e.g. by Qi and Aldrich 

(2008), Sari and Tuzen (2008), Uluozlu et al. (2008), Gupta et al. (2009), Saeed et al. 

(2009), Azouaou et al. (2010), Blazquez et al. (2011). 

The aim of the study was to experimentally confirm the possibility of using organic 

waste, such as sunflower hulls, walnut shells and plum stones, for the removal of 

Pb(II) and Cd(II) ions from aqueous solutions in single-component systems. The 

influence of selected physical and chemical parameters of organic materials on the 

sorption processes has been determined and the possibility of their regenerating 

examined. Other investigations conducted to elucidate the mechanism of binding 

heavy metals from solutions involved determining the chemical and physical structure 

of the organics used. The sorption processes have been described using well-known 

models of sorption and the maximum sorption capacity of the materials tested has 

been calculated. 

Materials and methods  

Three natural sorbents were used in the study: sunflower (Helianthus L.) hulls, walnut 

(Juglans regia L.) shells and plum (Prunus domestica L.) stones, the latter free from 

seeds. The material was washed, dried, ground and sieved to obtain the grain fraction 

below 0.5 mm (fraction was selected based on results obtained in earlier studies). Then 

it was purified by treating with 10
-3

M nitric and hydrochloric acids solutions, followed 

by washing with reverse osmosis water until the pH attained that of the pure reverse 

osmosis water, i.e., about 6.0, and then dried at 323K. 

Sorption experiments were performed in beakers containing 100 cm
3
 of a test 

solution into which known weights of the sorbent (sample weights: 0.3, 0.5, 0.7, 1.0 

and 1.5 g) were added. The initial Pb(II) and Cd(II) ion concentrations ranged from 

6.3 mg/dm
3 

to 109.4 mg/dm
3
. Metals were added as the water solutions of Pb(NO3)2 

and Cd(NO3)2 4H2O (p.p.a.). All the experiments run at a constant ionic strength of 

0.02 mol/dm
3
, which was adjusted with a solution of KNO3 at a concentration of 

0.04M. The range of initial pH of the test solutions was from 2.0 to 5.0 (± 0.1) (its 

value was adjusted with 0.1M HNO3). 

All the solutions with the sorbents added were continuously stirred for one hour (in 

this time the system reached equilibrium) with a mechanical stirrer at 120 rpm at the 

constant temperature 298±0.5 K. In addition, the studies of a temperature effect were 

conducted in the range 293-313±0.5 K (Bozecka, 2013). 

The desorption process was studied for the sunflower hulls and walnut shells used 

earlier to remove Pb(II) and Cd(II) ion from the solutions whose initial concentrations 
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of Pb and Cd were 15.6 mg/dm
3
. The sorbents were regenerated with 50 cm

3
 0.2M 

solutions of HNO3 or HCl. The experimental conditions were the same as in the case 

of the sorption process. The progress of the desorption effectiveness was determined 

after 15, 30, 45 and 60 minutes of the tests.  

The final concentration of Pb(II) and Cd(II) ions in a solution after sorption and 

regeneration was determined by the flow coulometry method using an EcaFlow 150 

GLP (POL-EKO, Poland). Before the measurements, all the samples were filtered to 

remove solid particles. Three measurements were performed for each sample. The 

values of equilibrium concentrations shown in Tables 1-4 are arithmetic averages.  

The sorption capacity was calculated from the formula presented below: 

 
0( )eqV c c

Q
m


   (1) 

where: Q –content of the Cd(II) ions in the sorbent (mg/g); V – the volume of the 

solution (dm
3
); co and ceq – the initial and final concentrations of Cd(II) ions (mg/dm

3
); 

m – the dry mass of the adsorbent (g).  

Identification of surface functional groups was carried out using infrared 

absorption spectra recorded with BIO-RAD FTIR spectrometer (model FTS-165) for 

the samples prior to and after sorption (each sample had an initial concentration of 

109.4 mg/dm
3 

of Pb or Cd cations). The frequency range was 4000-400 cm
-1

 and a 

resolution 4 cm
-1

. The pellets were made from a mixture of a dried sorbent and the 

spectrally pure potassium bromide (at the ratio 1:400) pressed at 10 MPa.  

The morphology of the selected organic sorbents was determined using a scanning 

electron microscope FEI Quanta 200 FEG. The analyses were supplemented by 

microchemical assays using an EDS spectrometer. The tests were carried out on 

starting (i.e. untreated) samples and on the samples after the sorption process. 

Results and discussion 

Determination of the chemical and physical structure of the sorbents 

The surface morphology images of the sorbents prior to and after the sorption process 

and the corresponding EDS spectra (Figs 1(a-f) and 2(a-h), respectively) show that 

lead and the cadmium are below detection limits in the starting materials. 

Both elements are present on the surface of the samples used in the sorption tests 

(Fig. 2a-h), but there are no traces of microprecipitated Pb and Cd compounds. In 

some areas, however, there are indications of the sorption involving mainly the ion 

exchange mechanism (e.g. Fig. 2a, c and e). Distribution of adsorbates on the surface 

is random, which may indicate their heterogeneity (Bozecka, 2013; Bozecka et al., 

2014a). 
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Fig. 1. Examples of SEM images with EDS spectra obtained for samples of starting sunflower hulls (a, b), 

walnut shells (c, d) and plum stones (e, f) (Bozecka, 2013; Bozecka et al., 2014a) 

The presence of functional groups in the starting samples can be traced in the IR 

spectra (Fig. 3). They show strong absorption bands at approximately 3420 cm
-1

, 

which can be attributed to stretching vibrations of the OH groups present in alcohols 

and phenols or to intramolecular hydrogen bonds of carbohydrates, present in organic 

compounds (presumably cellulose, hemicellulose and lignin). The bands occurring in 

all the tested materials in the range of approximately 2930–2840 cm
-1

 can probably be 

related to the CH stretching vibrations of alkyl groups.  
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Fig. 2. Examples of SEM images with spectra EDS obtained for samples of sunflower hulls (a, b),  

walnut shells (c, d) and plum stones (e-h) after sorption of the Pb(II) and Cd(II) ions  

(Bozecka, 2013; Bozecka et al., 2014a) 
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Fig. 3. Comparison of the IR spectra of starting samples of sunflower hulls (1), walnut shells (2)  

and plum stones (3) (after Bozecka, 2013; Bozecka et al., 2014a, b) 

Another band, pronounced mainly in the walnut shells and plum stones at 

approximately 1740 cm
-1

 may be attributed to the vibrations of C=O carbonyl 

compounds (carboxylic compounds, esters, ketones, aldehydes, etc.). The presence of 

the esters, alcohols and phenols is also indicated by the bands in the range 1300-1000 

cm
-1

 interpreted as the stretching vibrations of C-O groups. 

The bands in the region of approximately 1650 cm
-1

 may be attributed to the 

stretching vibration of C=O groups and the bending vibration of the N-H amide group. 

The amines manifests their presence by the band in the range approximately 1650-

1580 cm
-1

, also attributed to the N-H bending.  

Absorption in the range approximately 1600–1400 cm
-1

 indicates probably the 

presence of aromatic compounds. In addition, the bands between 900 and 675 cm
-1

 

may be interpreted also as aromatic bands resulting from the bending vibrations out of 

the plane of the C–H (Uluozlu et al., 2008; Azouaou et al., 2010; Bozecka, 2013; 

Bozęcka et al., 2014a; Bozecka et al., 2014b). 

The effects of the functional groups mentioned above on the sorption mechanism 

of Pb(II) and Cd(II) ions have been interpreted on the IR spectra of the samples after 

the sorption (Figure 4a, b, c). The intensity of all the characteristic absorption bands, 

including those of the OH groups (alcohols, phenols, carboxylic acids), C = O 

(carboxylic compounds, esters, ketones, aldehydes, etc.), and amino and amide groups 

decreased (Figure 4 a, b, c). Such a distinct intensity reduction occurring at all band 

frequencies may indicate an adhesion of the Pb(II) and Cd(II) ions that block the 

access to organic groups. 
 

The strongest change in the band intensity is observed at approximately 3420 cm
-1

 

for the sunflower hulls (Fig. 4a). Therefore, it can be concluded that this material is 

the most efficient sorbent of Pb(II) and Cd(II) ions assuming that the O–H groups are 

involved in the investigated sorption process. Such a conclusion is consistent with the 

results discussed in Section 3.2.4, which demonstrate that the sunflower hulls in 

comparison with other materials have the highest relative capability to remove cations. 
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Apart from the O–H groups, the carbonyl group C=O (carboxylic compounds, 

esters, ketones, aldehydes, etc.) and the amine or amide groups may also play an 

important role in the sorption of Pb(II) and Cd(II) ions. A significant intensity 

reduction of the bands at the frequencies characteristic of these organic groups may 

point to their blocking by the Pb(II) and Cd(II) ions adsorbed from the solution. The 

spectra also confirm that the sorption processes also involve the ion exchange 

mechanism (Bozecka, 2013; Bozecka et al., 2014a, b). 

 

Fig. 4. Comparison of IR spectra obtained for sunflower hulls (a), walnut shells (b)  

and of plum stones (c) prior to (1) and after sorption of Pb(II) (2) or Cd(II) (3) ions 
 (Bozecka, 2013; Bozecka et al., 2014a, b) 
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Sorption process of Pb(II) and Cd(II) ions from aqueous solutions 

Impact of sorbent mass 

Sorption was measured in the samples with the mass 0.3, 0.5, 0.7, 1.0 and 1.5 g 

(Fig. 5). All the sorbents remove from aqueous solutions an increasing amount of the 

Pb(II) and Cd(II) ions with an increasing weight of the sample until a maximum 

sorption at a sorbent mass of 0.5 g is reached. A further increase of the sorbent mass 

does not significantly affect the amount of the ions adsorbed. Presumably, it is 

associated with sorbent particle aggregation in the solution, which can reduce an 

access of the cations to the surface active centres of the sorbent (Uluozlu et al., 2008; 

Gala (Bozecka) and Sanak-Rydlewska, 2011; Bozecka, 2013; Bozecka and Sanak-

Rydlewska, 2011, 2015). 

 

Fig. 5. The influence of the sorbent mass on sorption of the Pb(II) and Cd(II) ions  

on sunflower hulls, walnut shells and plum stones (co = 15.63 mg/dm3; pH 4.0±0.1;  

sorbent’s particle size class < 0.5 mm; ionic strength 0.02 mol/dm3;  

temperature (298±0.5) K; time of sorption 1 h; mixing speed 120 rpm) (Bozecka, 2013) 

Impact of initial pH of solutions  

The sorption of the Pb(II) and Cd(II) ions in the function of the initial pH of the 

solution was tested for the pH values 2.0, 3.0, 4.0 and 5.0 (Fig 6).  

The efficiency of sorption of the Pb(II) and Cd(II) ions by all the materials 

increases with the pH until it reaches a maximum in the solutions with pH of about 

4.0. At pH higher than 5.0 a sorption efficiency noticeably decreases. Only is a little 

weaker the sorption efficiency of the Pb(II) ions on the walnut shells and sunflower 

hulls, but its reason is not currently possible for a clear interpretation.  

The reduction in the sorption efficiency, both below and above pH of 4.0, is most 

likely associated with an electrostatic charge accumulated on the surface of the 

sorbents. The type and amount of this charge depends on the pH of the solution and on 
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the functional groups on the surface of sorbents (Bansal and Goyal, 2009; Gala 

(Bozecka) and Sanak-Rydlewska, 2011; Bozecka, 2013; Bozecka and Sanak-

Rydlewska, 2011, 2015). 

The initial pH of the solution determines the form of the Pb and Cd ions in the 

solution. In a strongly acidic solution, lead and cadmium are mainly in the form of 

cations. The gradual increase of the pH leads to the formation of complex ions, 

followed by precipitation of Pb(OH)2 and Cd(OH)2.  

Studying the effect of the solution pH on sorption of the Pb(II) and Cd(II) ions, the 

differences between the starting and the equilibrium pH values were noted. For 

example, in case of the sunflower hulls and Pb(II) ions the starting pH was 2.08, 3.04, 

4.00 and 4.98, while after sorption the values were 2.78, 4.45, 5.23, and 5.34, 

respectively.  

The sorption, hydrolysis and ionization processes explain the changes in pH. The 

equations 1 and 2, showing the hydrolysis degree of the Pb(II) and Cd(II) ions, 

indicate that at the time of their attachment to the surface of a sorbent the reaction 

equilibrium moves to the left. This leads to a reduction of protons in the solution and a 

pH increase. With the increase of the starting pH value (up to value of zero point 

charge – pHzpc), the sorption capacity increases and the pH reaches an equilibrium 

state 

 

Fig. 6. The effect of pH on sorption of the Pb(II) and Cd(II) ions on sunflower hulls,  

walnut shells and plum stones (co = 15.63 mg/dm3; sorbent mass 0.5 g; sorbent’s particle  

size class < 0.5 mm; ionic strength 0.02 mol/dm3; temperature (298±0.5)K;  

time of sorption 1 h; mixing speed 120 rpm) (Bozecka, 2013) 

As soon as the Pb(OH)
+
 or Cd(OH)

+
 ions are adsorbed, the reaction equilibrium 

moves to the right, thereby increasing the concentration of protons and acidifying the 

solution: 
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 Pb
2+ 

+ H2O ↔ Pb(OH)
+
 + H

+
   (1) 

 Cd
2+ 

+ H2O ↔ Cd(OH)
+
 + H

+
 (2) 

As mentioned before, the Pb(II) and Cd(II) ions in water are subject to hydrolysis 

and complexation, thus the protons generated increase the acidity of the solutions. 

They may also be acidified as a result of hydrolysis and ionization of the functional 

groups present on the surface of the sorbents. However, the impact of these processes 

appears to be insignificant and can be ignored (Bozecka, 2013). 

Impact of solution temperature 

An impact of temperature on the sorption process of the Pb(II) and Cd(II) ions was 

tested between 293K and 313K. Other conditions were the same as in the previous 

series. 

 

Fig. 7. The impact of the temperature on sorption of the Pb(II) and Cd(II) ions  

by sunflower hulls, walnut shells and plum stones (co = 15.63 mg/dm3; sorbent mass 0.5 g;  

sorbent’s particle size class < 0.5 mm; ionic strength 0.02 mol/dm3; pH of 4.0±0.1; 

 time of sorption 1 h; mixing speed 120 rpm) (Bozecka, 2013) 

An increase of the temperature reduced sorption of the Pb(II) and Cd(II) ions (Fig. 

7). This indicates the exothermic nature of the processes investigated. The decline in a 

sorption efficiency may be due to a destruction of the active sites present on the 

surface of the sorbents or shifting the equilibrium in favour of desorption of the Pb(II) 

and Cd(II) ions from the surface to a solution (Uluozlu et al., 2008). At higher 

temperatures, the kinetic energy of the adsorbed molecules increases, which may 

hinder their connection to the surface (Gala (Bozecka) and Sanak-Rydlewska, 2011; 

Bozecka, 2013; Bozecka and Sanak-Rydlewska, 2011; 2015). 

Based on the experimental data and known thermodynamic relations, the changes 

of the standard free energy (ΔGº), standard enthalpy (ΔHº) and standard entropy (ΔSº) 
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have been calculated using the following equation (Meena et al., 2008; Uluozlu et al., 

2008; Bozecka, 2013)  

 Gº ln cR K      (2) 

where: R – ideal gas constant (8.314 10
-3

 kJ/mol K), T – temperature (K), cK   – 

equilibrium constant, defined as the ratio of the concentration of metal ions on the 

sorbent ca, to the concentration of ions in the solution ceq, after reaching equilibrium of 

the sorption process. 

The cK   constant was determined for the lowest, experimental concentration of the 

metal (Han et al., 2005): 

 º º ºG H T S      (3) 

  'ln c

S H
K

R RT

  
 

.
  (4) 

The change of the standard free energy (ΔGº) was calculated from the equation 3. 

For all the investigated samples and in the whole range of the selected temperatures, 

the calculated ΔGº is characterized by negative values (Table 1), which proves that the 

process is spontaneous.  

The changes of standard enthalpy and entropy of the system were determined based 

on Eq. 4, plotting the cK   graphs as a function of 1/T (Fig. 8). The values of ΔHº and 

ΔSº were determined from the slope and intersection of the y-axis by the linear graphs.  

 

Fig. 8. Relationship between ln 
cK   and 1/T for sorption of the Pb(II) and Cd(II) ions 

 on the sunflower hulls, walnut shells and plum stones (after Bozecka, 2013) 
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The calculated change of the standard enthalpy (ΔHº) in the systems studied 

reaches negative values (Table 1), confirming the exothermic nature of the process. 

When ΔHº<0, the dependence ln cK   = f(1/T) is an increasing function (a > 0), i.e. 

with an increasing temperature both the sorption and the value of the equilibrium 

constant decrease (Fig. 5). 

The changes of the standard entropy (ΔSº) of the systems also have negative values 

(Table 1). The molecules in the adsorbed state have less freedom degrees than those in 

the solution, which results in a decrease of entropy (Bozecka, 2013). 

Table 1. Thermodynamic functions describing the sorption of Pb(II) and Cd(II) ions from aqueous 

solutions by sunflower hulls (S), walnut shells (O) and plum stones (P) (Bozecka, 2013)  

Function 

(kJ/mol) 
Materials 

Temperature (K) 

293 298 300 303 308 313 293 298 300 303 308 313 

Pb(II) Cd(II) 

ΔGº 

S –6.33 –6.22 –5.58 –4.79 –4.42 –6.33 –7.01 –6.38 –5.90 –4.78 –4.87 –7.01 

O –3.98 –3.74 –2.74 –2.50 –1.96 –3.98 –2.69 –2.15 –2.00 –1.91 –1.65 –2.69 

P –2.49 –2.06 –1.61 –1.56 –0.69 –2.49 –3.51 –2.86 –2.39 –2.14 –1.72 –3.51 

ΔHº 

S –37.14 –41.62 

O –35.08 –16.30 

P –27.46 –28.72 

ΔSº 

S –0.10 –0.12 

O –0.11 –0.05 

P –0.09 –0.09 

A description of the sorption of Pb(II) and Cd(II) ions with selected adsorption models 

To evaluate the maximum sorption capacity of the sorbents studied toward the Pb(II) 

and Cd(II) ions, the authors applied commonly used adsorption models of Langmuir 

and Freundlich. 

The Langmuir theory assumes that the surface of the adsorbent is homogeneous. 

Adsorption in the system is located, which means that the molecule cannot move 

freely across the surface. Lateral interactions between the adsorbed molecules are 

irrelevant. It is, therefore, a monolayer adsorption (Bansal and Goyal, 2009). The 

Langmuir model is described by the following equation: 

 
max

(1 )

eq

eq

q b c
Q

b c




 
  (5) 

where: qmax (mg/g) and b (dm
3
/mg) are the Langmuir constants. 

The parameter qmax is the maximum sorption capacity of the sorbent, i.e. the 

maximum amount of cations needed to form a complete monolayer (Han et al., 2005). 
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The constant b represents the energy of adsorption. This parameter is very useful, 

because it determines the sorbents affinity toward the substances removed. The higher 

the value of the constant b, the higher the affinity of the sorbent towards cations and 

the steeper the Langmuir isotherm. In general, a good sorbent should be characterised 

by high values of both the constants qmax and b (Meena et al., 2008). 

The values of the coefficients qmax and b in the Langmuir equation were determined 

based on they linear form:  

 
max

1 1 1

eq

b
Q q b c

 
   

 
  .

 (6) 

The Freundlich equation has an experimental nature, well describing the adsorption 

on heterogeneous surfaces and microporous adsorbents. The Freundlich model is 

described by the following equation: 

 1/n
eqQ K c   (7) 

where K and n are the Freundlich constants. 

The Freundlich parameter K allows the assessment of the maximum sorption 

capacity of the sorbent and the parameter n is defined as the affinity constant or the 

binding strength. The smaller the value of 1/n, the greater heterogeneity energy of an 

adsorption system (Bansal and Goyal, 2009).  

To calculate the constants K and n of the Freundlich equation, the logarithmic form 

of this equation is used: 

 
1

log log log eqQ K c
n

  
.
 (8)  

The resulting values of the coefficients of the Langmuir and the Freundlich 

isotherms together with their uncertainties and correlation coefficients ρ are 

summarized in Tables 2 and 3. 

The values of the Langmuir and Freundlich constants confirm that of the three 

materials studied the sunflower hulls is the best sorbent for removing the Pb(II) and 

Cd(II) ions from water solutions. It is characterized by the highest values of the 

parameter qmax that expresses the capacity of the monolayer; the parameter b that 

determines its affinity for removing ions and for the constant K. The coefficient n in 

the Freundlich isotherm for all the materials is in the range from 1 to 10. That proves 

that the sorption processes investigated are "beneficial" (Meena et al., 2008; Gala 

(Bozecka) and Sanak-Rydlewska, 2011; Bozecka, 2013; Bozecka and Sanak-

Rydlewska, 2011; 2015). 



Removal of Pb(II) and Cd(II) ions from aqueous solutions with selected organic waste 393 

Table 2. Coefficients of the Langmuir isotherm and the uncertainty resulting for sorption of the Pb(II) and 

Cd(II) ions on sunflower hulls (S), walnut shells (O) and the plum stones (P) (Bożęcka, 2013) 

Cation Materials 
qmax 

(mg/g) 

Δqmax 

(mg/g) 

b 

(dm3/mg) 

Δb 

(dm3/mg) 
Ρ 

Pb(II) 

S 36.93 0.76 0.1512 0.0002 0.9740 

O 23.08 0.52 0.03343 0.00006 0.9837 

P 21.23 0.47 0.03457 0.00005 0.9796 

Cd(II) 

S 19.93 0.51 0.2264 0.0002 0.9869 

O 17.17 0.54 0.03272 0.00008 0.9485 

P 17.98 0.39 0.0777 0.0001 0.9613 

Table 3. Coefficients of the Freundlich isotherm and the uncertainty resulting for sorption of the Pb(II) 

and Cd(II) ions on sunflower hulls (S), walnut shells (O) and the plum stones (P) (Bozecka, 2013) 

Cation Materials 
K 

(dm3/mg) 

ΔK 

(dm3/mg) 
n Δn ρ 

Pb(II) 

S 4.43 0.06 1.35 0.02 0.9467 

O 0.95 0.02 1.36 0.01 0.9860 

P 0.78 0.02 1.31 0.01 0.9936 

Cd(II) 

S 3.10 0.04 1.60 0.02 0.9627 

O 1.22 0.02 1.82 0.02 0.9831 

P 1.27 0.02 1.44 0.01 0.9813 

 

Sorption capacity of tested materials in relation to the lead and cadmium ions are 

comparable to other organic and inorganic sorbents (Bozecka, 2013; Gupta et al., 

2009). 

Equilibrium study on desorption of the Pb(II) and Cd(II)
 
ions  

The desorption process was studied on two sorbents, namely sunflower hulls and 

walnut shells, using the 0.2M solutions of nitric(V) and hydrochloric acids. The results 

are summarized in Table 4. 

Desorption of the Pb(II) and Cd(II) ions from the surface of the two natural 

sorbents proceeds relatively fast. The desorption equilibrium in almost all cases was 

reached after 30 minutes. An extension of the desorption time practically does not 

significantly affect the recovery of lead and cadmium. 

A comparison of the desorption efficiencies indicates that HNO3 is more effective 

for the Pb(II) ions and sunflower hulls. For walnut shells there are no significant 

differences between the results. For both acids the desorption efficiency is high and 

approximates 94%. 

The Pb(II) ions are desorbed more efficiently from the surfaces of sunflower hulls 

in comparison to walnut shells. 
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Table 4. Desorption of the Pb(II) and Cd(II) ions from the surface of sunflower hulls and walnut shells 

using nitric(V) and hydrochloric acids depending on the duration of the process 

Regenerator Materials 

Regeneration time (min) 

15 30 45 60 15 30 45 60 

Desorption (%) 

Pb(II) Cd(II) 

0.2 M HNO3 

S 79.49 83.36 84.56 84.61 45.41 49.21 49.23 51.03 

O 90.54 93.04 92.53 93.37 39.06 41.73 41.89 42.28 

0.2 M HCl 
S 68.11 69.33 69.45 69.33 64.53 65.87 67.08 68.08 

O 90.24 91.42 94.40 94.02 36.94 39.17 39.66 39.78 

 

The recovery of cadmium is much lower than that of lead. It is 68.08% for HCl and 

51.03% for HNO3 in case of sunflower hulls and 39.78% for HCl and 42.28% for 

HNO3 in the case of walnut shells. Desorption of the Cd(II) ions from sunflower hulls 

is more efficient than that from walnut shells. 

The results confirm that protons in the solutions at pH<2.0 have a greater ability to 

attach to the sorbent surface groups than the cations of a heavy metal (Bozecka, 2013) 

Conclusions 

     1. Sunflower hulls, walnut shells and plum stones can be effectively used for the 

removal of heavy metals ions from water and underpin for further research. 

2. Sorption capacity of this materials in relation to the lead and cadmium ions are 

comparable to other organic and inorganic sorbents (Bozecka, 2013; Gupta et al., 

2009). 

3. Used sorption method have many advantages, which include: low cost both of 

purchasing and of process itself and management possibility of unwanted waste, 

which storage is a major environmental problem. Another advantage of used method 

is reusability of studied materials as well as the recovery possibility of adsorbed heavy 

metals. 

4. Ion exchange processes are dependent on the surface construction of the sorbents 

used and also on the ionic radius of a metal considered  

5. The best sorption properties have been revealed by sunflower hulls. In their case 

qmax was 36.93 mg/g for the Pb(II) ions and 19.93 mg/g for the Cd(II) ions.  

6. The microchemical analysis indicates that lead and cadmium are not present in 

the starting sorbent samples. No traces of microprecipitation of lead and cadmium 

were observed in scanning images. In turn, there are several areas that confirm that the 

sorption processes involve mainly the ion exchange mechanism. 

7. Among the surface functional groups, the -OH group (from alcohols, phenols, 

carboxylic acids), the carbonyl group C=O (from carboxylic compounds, esters, 

ketones, aldehydes etc.) and the amine or amide groups have been found to dominate. 



Removal of Pb(II) and Cd(II) ions from aqueous solutions with selected organic waste 395 

8. The calculated values of thermodynamic functions indicate the spontaneous 

(ΔGº < 0) and exothermic (ΔHº < 0) nature of the sorption and desorption processes 

on the organic sorbents studied. 

9. After their acid regeneration, the sunflower hulls and walnut shells can be used 

again to remove the Pb(II) and Cd(II) ions from aqueous solutions.  

References 

ALVAREZ M.T., CRESPO C., 2007, Mattiasson, B. Precipitation of Zn(II), Cu(II) and Pb(II) at bench-

scale using biogenic hydrogen sulfide from the utilization of volatile fatty acids, Chemosphere. 66, 

1677–1683.  

AZOUAOU N., SADAOUI Z., DJAAFRI A., MOKADDEM H., 2010, Adsorption of cadmium from 

aqueous solution onto untreated coffee grounds: Equilibrium, kinetics and thermodynamics, J. 

Hazard. Mater. 184, 126–134.  

BANSAL R.C., GOYAL M., 2005, Activated Carbon Adsorption, CRC Press. 

BLÁZQUEZ G., MARTÍN-LARA M. A., TENORIO G., CALERO M., 2011, Batch biosorption of 

lead(II) from aqueous solutions by olive tree pruning waste: Equilibrium, kinetics and 

thermodynamic study, Chem. Eng. J. 168, 170–177.  

BOZECKA A., 2013, Usuwanie jonów metali toksycznych z roztworów wodnych za pomocą odpadów 

organicznych. PhD Thesis, AGH-UST University of Science and Technology, not published. 

BOZECKA A., BOZECKI P., SANAK-RYDLEWSKA S., 2014a, Badanie chemicznej i fizycznej 

struktury powierzchni sorbentów naturalnych wykorzystanych do usuwania jonów Pb2+ i Cd2+ 

z roztworów wodnych w układach jedno- i dwuskładnikowych, Przem. Chem. 93, 374–383. 

BOZECKA A., BOZECKI P., SANAK-RYDLEWSKA S., 2014b, Study of chemical surface structure of 

natural sorbents used for removing of Pb2+ ions from model aqueous solutions (Part II), Arch. Min. 

Sci. 59, 217–223.  

BOZECKA A., SANAK-RYDLEWSKA S., 2011, Removal of Pb2+ ions from aqueous solutions on plum 

stones crushed to particle size below 0,5 mm, Arch. Min. Sci. 56, 71–80.  

BOZECKA A., SANAK-RYDLEWSKA S., 2015, Sorption of Cd2+ ions from aqueous solutions on 

organic wastes, Arch. Min. Sci. 60, 455–464. 

GALA (BOZECKA) A., SANAK-RYDLEWSKA S., 2011, A comparison of Pb2+ sorption from aqueous 

solutions on walnut shells and plum stones, Polish J. Environ. Stud. 20, 877–883. 

GHOSH P., SAMANTA A.N., RAY S., 2011, Reduction of COD and removal of Zn2+ from rayon 

industry wastewater by combined electro-fenton treatment and chemical precipitation, Desalination 

266, 213–217. 

GUPTA S., KUMAR D., GAUR J.P., 2009, Kinetic and isotherm modeling of lead(II) sorption onto some 

waste plant materials. Chemical Engineering Journal, 148, 226−233 

HAN R., ZHANG J., ZOU W., SHI J., LIU H., 2005, Equilibrium biosorption isotherm for lead ion on 

chaff, J. Hazard. Mater. 125, 266–271.  

KOCAOBA S., 2007, Comparison of Amberlite IR 120 and dolomite’s performances for removal of 

heavy metals, J. Hazard. Mater. 147, 488–96.  

MACHIDA M., FOTOOHI B., AMAMO Y., MERCIER L., 2012, Cadmium(II) and lead(II) adsorption 

onto hetero-atom functional mesoporous silica and activated carbon, Appl. Surf. Sci. 258, 7389–

7394.  

MEENA A.K., KADIRVELU K., MISHRAA G.K., RAJAGOPAL C., NAGAR P.N., 2008, Adsorption 

of Pb(II) and Cd(II) metal ions from aqueous solutions by mustard husk, J. Hazard. Mater. 150, 619–

625.  



 A. Bozecka, Piotr Bozecki, Stanisława Sanak-Rydlewska 396 

QI B.C., ALDRICH C., 2008, Biosorption of heavy metals from aqueous solutions with tobacco dust, 

Bioresour. Technol. 99, 5595–601.  

RAO K.S., CHAUDHURY G.R., MISHRA B.K., 2010, Kinetics and equilibrium studies for the removal 

of cadmium ions from aqueous solutions using Duolite ES 467 resin, Int. J. Miner. Process. 97, 68–

73.  

SAEED A., IQBAL M., HOLL W.H., 2009, Kinetics, equilibrium and mechanism of Cd2+ removal from 

aqueous solution by mungbean husk, J. Hazard. Mater. 168, 1467–75.  

SARI A., TUZEN M., 2008, Biosorption of Pb(II) and Cd(II) from aqueous solution using green alga 

(Ulva lactuca) biomass, J. Hazard. Mater. 152, 302–8.  

SENCZUK W., 1999, Toksykologia. Wydawnictwo Lekarskie PZWL. Warszawa. 

SULAYMON A.H., ABID B.A., AL-NAJAR J.A., 2009, Removal of lead copper chromium and cobalt 

ions onto granular activated carbon in batch and fixed-bed adsorbers, Chem. Eng. J. 155, 647–653.  

TAJAR A., KAGHAZCHI T., SOLEIMANI M., 2009, Adsorption of cadmium from aqueous solutions on 

sulfurized activated carbon prepared from nut shells, J. Hazard. Mater. 165, 1159–64.  

ULUOZLU O.D., SARI A., TUZEN M., SOYLAK M., 2008, Biosorption of Pb(II) and Cr(III) from 

aqueous solution by lichen (Parmelina tiliaceae) biomass, Bioresour. Technol. 99, 2972–80.  


