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Introduction
• Neutron Activation Analysis (NAA) and Inductively Coupled Plasma-Optical 

Emission Spectrometry (ICP-OES) are analytical techniques used for 
elemental determination in environmental and materials research. 

• NAA excels in non-destructive trace metal analysis, particularly for 
environmental biomonitoring, while ICP-OES offers high-throughput element 
quantification, rare earth elements (REEs) in solutions.

 Aims
• The aim of this study is to monitor and quantify metal accumulation in moss 

using Neutron Activation Analysis (NAA)

•   Investigate and optimize the adsorption of rare earth elements (La and Ce) 
from aqueous solutions using titanosilicate ETS-10 as a sorbent, with ICP-OES 
employed to measure removal efficiency. 



Neutron 
Activation 
Analysis

•Advantages
•-High sensitivity and precision
•Accurate quantification
•Multi-element analysis
•Minimal sample preparation 

•Disadvantages
•Longer analysis time
•Radioactive waste safety 
concerns



Biomonitoring
Plant bio-monitors: lichens, moss,  and higher plants 

Pleurozium schreberi Hypnum cupressiforme Hylocomium splendens 



Methodology: NAA sample preparation
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Radioanalytical complex REGATA



 CALIBRATION AND DATA PROCESSING
For calibration and data processing we used GENIE 
2000



NAA applications 

Bio-monitoring Food
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Adsorption studies for wastes water treatment- 
METHODOLOGY
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Optimization

Time Temperature pH Concentration
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Results
Effect of pH, time and on La and Ce removal from wastewater

(a)

(b)



(c)

Effect of Temperature on La and Ce removal from wastewater



Results conti…The Effect of concentration on metals 
removal efficiency

(d) (e)



Results conti…
Isotherms of La and Ce adsorption onto 
ETS-10

(f) (j)



Conclusion
• Titanosilicate ETS-10 was used for the adsorption of La and Ce ions from aqueous solutions, 

showing a rapid adsorption process that was completed in no more than 7 minutes.

•  The adsorption efficiency was strongly dependent on pH, with a maximum removal of 99% 
achieved at pH 3.0. 

• Additionally, the adsorption process was found to be temperature-independent, maintaining a high 
removal rate of 94–99% across a temperature range of 20–50 °C. 

• This indicates that ETS-10 is an effective sorbent for quick and efficient removal of La and Ce ions 
under mild conditions.
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