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Introduction  

Conventional methods for removing metal ions from aqueous solution have 

been proposed, such as chemical precipitation, filtration, ion exchange, 

electrochemical treatment, membrane technologies, adsorption on activated 

carbon, evaporation etc. (Wang and Chen, 2009). Mainly, these technologies 

are expensive and energy-demanding, leading to the search for economically 

favorable, alternative solutions, both in developed and in less developed 

countries (Kivaisi, 2001). Biosorption may be simply defined as the removal of 

substances from solution by biological material (Gadd, 2009). Biosorbents are 

easy available, low cost with high efficiency, and that is the reason why 

biomaterials have been intensively investigated as potential materials for 

removal of heavy metals from wastewater (Wang and Chen, 2009). In many 

countries, as well as in Serbia, Myriophyllum spicatum presents an 

undesirable aquatic weed which needs to be continuously removed. Since it 

has been shown that aquatic plants can be used for the removal of heavy 

metals (Milojković et al., 2014) herein Cu(II) biosorption onto M. spicatum was 

investigated. Physical, chemical and mineralogical characteristics of 

aluminosilicate mineral raw material - zeolite show a definite sorption 

properties toward heavy metals and other pollutants, also it is low-cost, 

widespread and environmental acceptable, so that is the reason why it is 

extensively used in wastewater treatment and remediation of contaminated 

land (Bhattacharyya and Sen Gupta, 2006). 

In the present study the (bio)sorption efficiency of two different 

materials: zeolite and Myriophyllum spicatum for the removal of copper 

ions from aqueous solution has been investigated. 

Experimental Methods  

Zeolite originated from deposit Baia Mare, Romania (K-clinoptiloite) and dry 

samples of M. spicatum from the artificial Sava Lake, Belgrade, Serbia were 

used in the study. The complete mineral characterization of used zeolite was 

presented in details (Mihajlović et al., 2014) and characterization of M. 

spicatum was presented in details (Milojković et al., 2014). Particle size of 

used materials was 100 μm for zeolite and < 0.2 mm for plant.  
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The experiments were carried out in 100 ml Erlenmeyer flasks with 50 ml of 

copper solution. The flasks were stirred at 250 rpm in a Heidolph unimax 

1010 orbital shaker at room temperature. Using a precise pH meter (Sension 

MM340), the pH value was adjusted to 5 using 0.1 M HNO3 or 0.1 M NaOH 

(analytical grade). Concentration of cooper ions in solutions was 100 mg/L, 

M/V ration 4 g/L. In order to examine the influence of the materials on 

(bio)sorpion of Cu(II) in the mixture the various ratio of zeolite and M. 

spicatum were applied. After the specified contact time, the solid phase was 

separated from the solution Cu(II) concentration in filtrate was determined 

with atomic absorption spectrophotometer. 

The amount of Cu(II) adsorbed by materials was calculated using equation 1: 

         (1) 

 
 

Results and Discussion  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comparing the results shown in Figure 2 it is evident that the highest level of 

removal R and q (bio)sorption capacity had a mixtures: 75%M.spicatum+25% 

zeolite. It can be concluded that the mixture of zeolite and M.spicatum has a 

synergistic effect on the removal of copper ions from aqueous solution. The 

application of such a material (mixture) is highly preferred because it is 

efficient, available, low-cost and environmentally friendly. 
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Figure 2. (Bio)sorption of Cu(II) with different amounts of zeolite 

and M. spicatum 

Figure 1. Removal plant M. spicatum from Sava lake; Harvested plant 

material  
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