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Abstract

In  this  doctoral  thesis,  a  possibility  was  examined  to  use  the  invasive  aquatic  weed  plant
Myriophyllum spicatum and its compost,  generated from microbial degradation, as biosorbent for the
removal of selected heavy metals from aqueous solution. The plant was harvested from the Sava Lake in
Belgrade,  Serbia,  and  the  compost  was  collected  from  the  open  landfill  where  it  is  disposed.
Myriophyllum  spicatum and  its  compost  were  applied  for  Pb  (II)  biosorption,  whereas  for  the
simultaneous removal of, Pb(II), Cu(II), Cd(II), Ni(II) and Zn(II) from aqueous solution only compost was
used.

Biosorption  proces  in  a  batch  system  was  analyzed  by  applying  various  batch  processing
parameters, which  affect  biosorption. Besides,  the  applied  biosorbents  were  characterized  and  the
equilibrium  isotherms  and  kinetic  models,  which  best  describe  the  process  of  biosorption,  were
determined. 

In  these  investigations both applied  biosorbents  were  characterized  for  the  first  time,  with
different  instrumental  techniques: Scanning  electron  microscopy  (SEM),  Energy  dispersive  X-ray
spectroscopy (EDS),  Fourier transform infrared spectroscopy (FTIR), X-ray diffraction techniques (XRD),
and  thermal  analysis.  The  analytical  measurements  of  selected  heavy  metal  ions  concentration  in
aqueous solution were made by using Atomic absorption spectroscopy (AAS).

The  best  fit  of  experimental  data, obtained  from  the  study  of  Pb(II)  bosorption  with
Myriophyllum spicatum and its compost, was achieved when Sips isotherm model was used, whereby
the  process kinetics of both biosorbents followed a pseudo-second-order kinetic model. Lead binding
capacity of the compost was 0.287 mmol/g and of the plant 0.234 mmol/g.

The  affinity  of  the tested metals  to  the  applied  biosorbent was  in  descending  order:
Pb(II)>Cu(II)>Zn(II)>Cd(II)>Ni(II). The best fit of the experimentally obtained data was when Sips isotherm
model was applied for which correlation coefficients were close to 1 (one). The kinetic studies indicated
that the biosorption process of the metal ions followed well pseudo-second-order model,  for which
experimentally  obtained  values on  biosorption capacities were in very good agreement with those of
capacities gained with this kinetic model.

Various desorbing agents were used for desorption of biosorbed metals, but a total desorption
of all the metals was occurred only with EDTA. Nitric acid, which is most frequently used as desorption
agent in biosorption studies, showed desorption efficiency of 70% for Zn and Cd, and then  in decreasing
order for  Cu>Pb>Ni, which was 25.4%, 21.5% and 19.2%, respectively.



Based on the results obtained in this part of the thesis relating to biosorbent after biosorption,
using  SEM-EDS,  FTIR  and  XRD analysis,  it  was  concluded  that  ion  exchange  and  chemisorption are
involved in the mechanism of metal binding to the compost.  

Biosorbent,  compost  of  aquatic  weed  plant  Myriophyllum  spicatum, can  be  used  for  the
simultaneous removal of the stated metals from aqueous solution, but the desorption process is not
efficient  enough.  It  is  therefore  recommended  that  the  metal-saturated  biosorbent  is  utilized  for
improving the quality of soil  in the parks, where the plants, which are not intended for human and
animal  consumption,  are  cultivated.  By  the proposed  option  the  removal  of  metals  from water  by
inexpensive, readily available, eco-friendly, renewable biosorbent is provided. Thus, it is not necessary
to use eluents for the regeneration, which may have harmful effect to the environment, given that the
spent, saturated biosorbent is valuable as soil conditioner. 
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