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Abstract: Biosorption has been considered as a potential technology to remove dissolved 
toxic heavy metals from industrial effluents including machinery manufacturing effluents. 
The objectives of the present study were to investigate the adsorption behavior of natural 
and chemically modified sunflower seed hulls (SF) and soybean hulls (SB) for Pb2+ and Cd2+ 
in mono-cationic systems. Base washing and citric acid (CA) modification were applied 
to enhance the adsorption capacity of these biowastes. The adsorption ability is sensitive 
to pH value in the solution, thus the pH was adjusted to 5...5.2. SF and SB are promising, 
inexpensive and effective medium for capturing dissolved Pb2+ and Cd2+ from industrial 
effluents. Moreover citric acid (CA) modification can increase their adsorption capacity. But 
this effect cannot be recognized in case of our experiments. The mechanism of biosorption 
was revealed using FT-IR and zeta-potential measurements.
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1. Introduction
	 Industrial effluents, including machinery manufacturing effluents, can be 
contaminated with different pollutants, among them heavy metals, as well. Due 
to stricter regulations on environmental protection there are lower discharge limit 
values prescribed by responsible regulatory authorities. In case of most industrial 
activities, the generated wastewater must be treated before being discharged into 
sewage system or wastewater treatment plant. Mechanical treatment processes (e.g. 
sedimentation, filtration, phase separation etc.) have an important role during this 
cleaning process, but in many cases after these treatments dissolved heavy metals 
remain in low concentration (< 1 mg/L) in the treated wastewater, that is still higher 
than the prescribed discharge limit values. However, with conventional methods 
their removal is not economically feasible. Conventional methods (e.g. chemical 
precipitation, oxidation/reduction, ion-exchange, electrolysis and membrane 
filtration) have been widely used to remove heavy metals from different kinds of 
industrial, within it machinery manufacturing effluents, but the phenomenon of 
biosorption could be an appropriate alternative to these conventional methods in 
the near future.
	 Although there are countless research reports on the topic of biosorption 
process, the majority of them are still at laboratory scale. Nevertheless, finding 
the appropriate, cheap and effective industrial biosorbents is also an encouraging 
challenge. Many kinds of biological materials have an affinity for binding inorganic 
and organic pollutants, so that there is an enormous biosorption potential within 
the countless types of biomaterials [1; 2]. Different by-products and biowastes 
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Fig. 1: (a) Natural sunflower seed hulls as biowaste. (b) Ground sun-

flower seed hulls (200 ≤ x ≤ 315 µm) after drying.

and their biosorption capacity are also widely 
investigated, and could be applied in the 
development of biosorbents.
	 Our research presented in this article is focusing 
on two biowastes, i.e. sunflower seed hulls (SF) 
and soybean hulls (SB), because these materials 
are the by-products of vegetable oil processing 
and occur in great abundance in EU and Hungary. 
The most popular utilization of these materials is 
energy production (combustion in biomass power 
plants or production of commercially available 
briquettes), but new utilisations are possible as 
potentially value-added products, because they 
can be converted into effective biosorbents being 
used in such applications as metal-ion adsorbents 
for wastewater treatment. It would be important 
for the creation of the desired circular economy, as 
well.
	 Several previously reported studies confirmed 
that sunflower seed hulls [3; 4] and soybean hulls 
[5; 6] are promising potential biosorbents for 
different metals, e.g. Pb2+, Cd2+, Zn2+, Cu2+ or Cr6+. 
The optimal pH for biosorption in case of both 
biosorbents is around 5.0, as far as adsorbing 
capacity is concerned [3; 4; 6].
	 According to other studies, sorption capacity of 
these biosorbents can be increased by chemical 
modification [7; 8].

2. Experimental Section
2.1 Biosorbents preparation
	 Biosorbent materials presented in this paper 
(i.e. sunflower seed hulls (see Figure 1a.) and 
soybean hulls) were originated from a vegetable 
oil production company located in North-Hungary.
2.1.1 Natural biosorbents
	 The sunflower seed hulls and soybean hulls were 
ground in Retsch SM 2000 cutting mill equipped 
with a 2 mm screen and afterwards sieved. The 
particles with size between 200 and 315 µm were 
stored for further experiments (see Figure 1b.).
	 Fractions between 200 and 315 µm were 
repeatedly washed three times in deionized water 
(50 g of biomass with 3 times 200 mL of deionized 
water) in order to remove surface contaminations. 
The hulls were then dried at 80°C for 24 h and 
cooled in a desiccator.
2.1.2 Modified biosorbents
	 Adsorption capacity of these biowastes can be 
enhanced with base washing and citric acid (CA) 

modification according to more authors [7; 8], thus 
chemical modification of sunflower seed hulls and 
soybean hulls were carried out according to the 
similar method previously described by Li et al. [7] 
(see Figure 2).
	 1.0 g of the sieved hulls was placed into a  
250 mL Erlenmeyer flask containing 0.08 mol/L 
NaOH aqueous solution. The mixture was agitated 
on adjustable incubator shaker (WiseCube WIS-20) 
at 140 rpm at 25°C for 8 hours, and then filtered. 
Solid phase was washed with deionized water until 
the pH of washing water become 5. After shaking  
discoloration appeared in the liquid phase. It 
was most probably caused by the highly soluble 
organic compounds of the biomass. Filter paper 
and biosorbents on it were placed into drying oven 
at 80°C for 6 hours. 1.0 g of base washed and dried 
biosorbents was added with 150 mL 0.6 mol/L of 
citric acid aqueous solution as modified agent, 
and was heated and maintained at 110°C for 1.5 
hours in magnetic stirrer. After filtration solid phase 
was washed with deionized water until the pH of 
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washing water become 5. Finally, the biosorbents 
were dried at 60°C for 24 hours.

Fig. 2: Base washed and citric acid modification of biosorbents.
 

2.2 Solution preparation
	 Lead(II) solutions were prepared by dissolving 
solid lead(II) nitrate powder (VWR Chemicals 
company) in deionized water.
	 Cadmium(II) solutions were prepared by 
dissolving solid cadmium nitrate tetrahydrate 
powder (SIGMA-ALDRICH) in deionized water. The 
initial pH values of the working solutions (before 
the biosorption) were adjusted between 5.0 and 
5.2. Diluted 0.1 M NaOH and 0.1 M HCl were used 
for pH adjustment.
2.3 Biosorption experiments
	 Biosorption of cadmium and lead on the surface 
of SF, SB, modified SF (M-SF) and modified SB (M-SB) 
were investigated in mono-cationic systems. Batch 
equilibrium sorption experiments were performed 
in 250 mL Erlenmeyer flasks. The initial Pb2+ or 
Cd2+ concentration were 20; 50; 80; 100; 200; 300; 
400; 600; 800 and 1000 mg/L. The concentration 

of biomass was 1 g/L (100 mg biomass in  
100 mL solution). The suspension was shaken at 
150 rpm for 18 h at the temperature of 25°C by 
using adjustable incubator shaker WiseCube WIS-
20.
2.4 Determination of sorption isotherm
	 Suspended solid particles were removed after 
the biosorption experiments by using filter paper 
(grade: 1,289; diameter: 150 mm; 84 g/m2). After 
the filtration some drops of HNO3 were added to 
the separated liquid samples. Prior to the testing in 
ICP-OES or AAS, all the samples were refrigerated 
at approximately 4°C.
	 The concentrations of the metals in liquid 
phase were subsequently determined by using 
inductively coupled plasma optical emission 
spectrometer (ICP-OES), type: SPECTRO CIROS 
VISION at KISANALITIKA Laboratory Services Ltd. 
in case of biosorption on natural biomass, and by 
using atomic absorption spectrometer (AAS) at 
Institute of Chemistry, University of Miskolc in case 
of the modified biomass.
	 The measured metal concentrations were used to 
calculate the adsorption capacity (qeq [mmol g−1]) of 
the biosorbent applying the following mass balance 
equation:

q c c m
V

eq eq0 $= -^ h ( )1

where: c0, ceq, V and m are initial metal concentration 
(mmol L−1), metal concentration at equilibrium 
(mmol L−1), the volume (L) of the solution and 
weight (g) of adsorbent, respectively.
2.5 Other measurements on the biosorbents
	 Zeta-potential of SF and SB were measured before 
and after conditioning with magnetic stirrer for 10 
minutes by Zeta Potential Analyzer (Brookhaven 
Instruments Corporation ZetalPALS, purchased 
by GVOP-3.2.1-2004-04-0219/3.0. Project; Project 
Leader: Dr. Ljudmilla Bokányi) in deionized water 
and in mono-cationic model solutions (C0, Pb or C0, Cd 
was 800 mg/L) at the Department of Bioprocessing 
and Reaction Techniques, Institute of Raw Material 
Preparation and Environmental Processing, 
University of Miskolc.
	 Fourier transforms infrared (FT-IR) spectra were 
used to identify functional groups on the surface 
of tested biowastes. FTIR analysis was performed 
by JASCO FT/IR-4200 Spectrometer before and after 
biosorption experiments with C0, Pb = 1000 mg/L or 
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C0, Cd = 1000 mg/L at our Institute.

3. Results and Discussion
3.1 Sorption isotherm measured points
	 It can be seen from Figure 3 a.) and b.) that the 
natural SF and SB do have sorption ability towards 
dissolved cadmium and lead-ions, but there is 
no evidence where they reach their maximum 
capacity. The sorption capacity of the natural 
biomasses at equilibrium can reach 0.30...0.45 
mmol/g in case of Pb2+ and Cd2+ in mono-cationic 
systems, if the maximum ceq is not higher than 
3 mmol/L. It can be stated that there are no 
significant differences between the sorption ability 
of SF and SB. Remarking that these qeq values 
cannot be considered as maximum uptake values 
(qmax), further examinations are required at higher 
ceq values to determinate qmax.
	 No enhanced sorption ability can be recognized 
in case of the applied chemical treatment of 
biosorbents, with the exception of Cd2+ sorption 
on SF (see Figure 3 c.) and d.)). These results 
contradict with the data from literature. However, 
its reason has not been clarified yet, it needs further 
investigation. One of the possible explanations can 
be the significant decrease of pH value after the 
biosorption, since the initial pH decreased from 5 
to about 3. The adsorption ability is highly sensitive 
to pH value in the solution, thus repeating the 
chemical treatment is recommended with pH 
buffering.

Fig. 3: (a) Sorption capacity of SF. (b) Sorption capacity of SB.  

(c) Sorption capacity of M-SF. (d) Sorption capacity of M-SB.
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3.2 Mechanism of biosorption
	 FT-IR helps to identify functional groups in the 
tested materials. The FTIR spectra of modified 
biosorbents can be seen in Figure 4 before and 
after biosorption in case of both metals.

 

 ( )a

( )b

Fig. 4: (a) FTIR spectra of modified SF. (b) FTIR spectra of modified 

SB.

	 Both modified SF and modified SB have peaks 
at similar wavenumbers and when the biomasses 
were loaded with Pb2+ and Cd2+, the FT-IR spectrum 
showed some changes. The highest deviation 
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from the unloaded biomasses curve appears at 
around 1030 cm-1, which corresponds to –C–O 
alcohols and carboxylic acids [3]. The broad peak 
observed at 3444 cm-1 corresponds to the O–H 
stretching vibrations of cellulose, pectin, absorbed 
water, hemicellulose and lignin [5]. These infrared 
measurements also revealed the presence of such 
functional groups as amide groups (1651 cm-1),  
–C=O from carboxyl or ester groups (1739 cm-1) [3].
Peaks appeared at similar wavenumbers in case of 
natural SF and SB [9], thus the applied modification 
did not considerably influence the appearance of 
newer functional groups responsible for binding.
3.3 Zeta-potential measurements
	 800 mg/L initial concentration was chosen for the 
measurement of zeta-potential before and after 
biosorption [10; 11]. Zeta-potential of SF showed 
the highest increase after biosorption in case of 
both metals, thus we can draw the conclusion that 
the adsorption mechanism of Pb2+ and Cd2+ on SF 
has an electrostatic character. This phenomenon 
remains after the modification, as well. According 
to our measurements SB and modified SB uptake 
these metals with a specific sorption (see Tab. 1). 
Negative surface charge before biosorption of 
SB and SF increased in absolute value after the 
chemical treatment indicating the appearance of 
newer negative charges.

Tab. 1: Zeta-potential measurements before and after biosorption.

SB Modified SB SF Modified SF

Before biosorption -4.72 -5.62 -13.29 -16.72

After biosorption of
Pb(II) (C0=800 mg/L)

-2.42 -1.96 -1.97 -2.03

After biosorption of 
Cd(II) (C0=800 mg/L)

-4.60 -3.44 -4.84 -3.60

4. Conclusions
	 It was proved that the applied biosorbents 
(sunflower seed hulls and soybean hulls) are able 
to reduce the Pb2+ and Cd2+ concentrations in 
model solutions. They can reach a theoretical 
maximum uptake of 0.35...0.50 mmol/g. These 
uptake capacities are not outstanding among 
other biosorbents, but these ones have several 
advantages (e.g. inexpensive, great abundance, 
macroscopic, etc.), thus their further investigations 
are extremely justified. Their application as effective 
biosorbents can be possible in case of industrial 

effluents, though more experiments are needed 
in laboratory and semi-industrial scale prior to the 
industrial application.
	 According to more sources, chemical modification 
of these biosorbents can cause increases in the 
sorption ability, but with the applied chemical 
modification we were not able to manage to 
enhance it. On the contrary, we recognized it rather 
decreasing. One of the possible explanations for 
this phenomenon can be the significant decrease 
of pH value after biosorption, since the initial pH 
decreased from 5 to about 3. The adsorption ability 
is sensitive to pH value in the solution, thus we are 
planning to repeat our experiments applying pH 
buffering. 
	 The main adsorption mechanism of Pb+2 and 
Cd2+ on sunflower seed hulls has electrostatic 
character, while the biosorption on soybean hulls 
took place with a specific sorption according to our 
zeta-potential measurements. These phenomena 
did not change after the chemical modification of 
biosorbents.
	 FT-IR spectra showed that SF, SB, modified SF and 
modified SB have similar functional groups on their 
surface, for example –C–O alcohols and carboxylic 
acids, O–H groups, amide groups and –C=O from 
carboxyl or ester groups.
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