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Ʉɟɧɚɞɔɞɠ 

ȼ Ⱥɚɚɖɜɘəɐ Ȱɜɤůɖ ȺɟɔŬůŰɖɟɑɤɜ ï HellasLab, Űɞ ȺɟɔŬůŰɐɟɘɞ ɅŬŭɘŮɜɏɟɔŮɘŬɠ ɄŮɟɘɓɎɚɚɞɜŰɞɠ & 

ɇŮɢɜɞɚɞɔɑŬɠ ȷŮɟɞɚɨɛŬŰɞɠ ɔɘŬ ŬŰɛɞůűŬɘɟɘəɏɠ əŬɘ ȾɚɘɛŬŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ (ȺɅɄɇȷȾ) Űɞɡ ȺȾȺūȺ 

çȹȼɀɃȾɅȽɇɃɆè əŬɘ ɖ Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ (ȺȺȷȺ) ůɡɜŭɘɞɟɔŬɜɩɜɞɡɜ Űɞ 9ɞ 

ɇŬəŰɘəɧ Ⱥɗɜɘəɧ Ɇɡɜɏŭɟɘɞ ɀŮŰɟɞɚɞɔɑŬɠ, Űɞ ɞˊɞɑɞ ɗŬ ŭɘŮɝŬɢɗŮɑ ůŰɘɠ 20 & 21 Ƚɞɡɜɑɞɡ 2025, ůŰɘɠ 

ŮɔəŬŰŬůŰɎůŮɘɠ Űɞɡ ȺȾȺūȺ çȹȼɀɃȾɅȽɇɃɆè.  

ɇɞ ůɡɜɏŭɟɘɞ, ɧˊɤɠ əŬɘ ɞɘ ˊɟɞɖɔɞɨɛŮɜŮɠ ŭɘɞɟɔŬɜɩůŮɘɠ, űɘɚɞŭɞɝŮɑ ɜŬ ŬˊɞŰŮɚɏůŮɘ ˊŮŭɑɞ ůɡɜɎɜŰɖůɖɠ 

əŬɘ ŭɖɛɘɞɡɟɔɘəɞɨ ŭɘŬɚɧɔɞɡ ɔɘŬ ɧɚɞɡɠ ɧůɞɘ ŭɟŬůŰɖɟɘɞˊɞɘɞɨɜŰŬɘ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɛŮŰɟɞɚɞɔɑŬɠ. 

ɆŰɧɢɞɠ ŮɑɜŬɘ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ɤɠ ŮűŬɚŰɐɟɘɞ ɔɘŬ Űɖɜ ŬɜŬɓɎɗɛɘůɖ Űɤɜ Ⱥɗɜɘəɩɜ & ȺɡɟɤˊŬɥəɩɜ 

ɡˊɞŭɞɛɩɜ ůŮ ŮˊɑˊŮŭɞ ŮɟɔŬůŰɖɟɘŬəɩɜ əŬɘ ɛŮŰɟɞɚɞɔɘəɩɜ ˊɟŬəŰɘəɩɜ.  

ɄŬɟɎɚɚɖɚŬ, ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ əŬɘ Űɞ 6ɞ ɆŬɚɧɜɘ ɀŮŰɟɞɚɞɔɑŬɠ, ɛŮ ůŰɧɢɞ ŬűŮɜɧɠ Űɖɜ ˊŬɟɞɡůɑŬůɖ 

ůɨɔɢɟɞɜɤɜ ɞɟɔɎɜɤɜ, ɡɚɘəɩɜ əŬɘ ɛŮɗɧŭɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ɀŮŰɟɞɚɞɔɑŬ əŬɘ ŬűŮŰɏɟɞɡ Űɖɜ 

Ůɜɑůɢɡůɖ Űɤɜ ŭŮůɛɩɜ ɛŮŰŬɝɨ ŮˊɘůŰɖɛɞɜɘəɐɠ əɞɘɜɧŰɖŰŬɠ əŬɘ ˊŬɟŬɔɤɔɘəɞɨ ŰɞɛɏŬ. 

ɆŰɞ űŮŰɘɜɧ, 9ɞ Ɇɡɜɏŭɟɘɞ ɀŮŰɟɞɚɞɔɑŬɠ, ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ 87 ŮˊɘůŰɖɛɞɜɘəɏɠ ŮɟɔŬůɑŮɠ, Ůə Űɤɜ 

ɞˊɞɑɤɜ 1 ŮɑɜŬɘ ˊɟɞůəŮəɚɖɛɏɜɖ ɞɛɘɚɑŬ, 66 ́ ɟɞűɞɟɘəɏɠ əŬɘ 20 ŬɜŬɟŰɖɛɏɜŮɠ ŮɟɔŬůɑŮɠ. ȼ ˊɚŮɘɞɜɧŰɖŰŬ 

Űɤɜ Ɇɡɜɏŭɟɤɜ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ŮɟŮɡɜɖŰɘəɎ ɘŭɟɨɛŬŰŬ, ŭɖɛɧůɘŮɠ ɡˊɖɟŮůɑŮɠ, ɞɟɔŬɜɘůɛɞɨɠ əŬɘ 

ŮŰŬɘɟɑŮɠ.  

ũɘŬ ɚɧɔɞɡɠ ɞɘəɞɜɞɛɑŬɠ əŬɘ ɞɘəɞɚɞɔɘəɐɠ ŮɡŬɘůɗɖůɑŬɠ, ŰŬ ˊɚɐɟɖ əŮɑɛŮɜŬ Űɤɜ ŮɟɔŬůɘɩɜ ɗŬ 

ŭɘŬŰɑɗŮɜŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ůŮ ɖɚŮəŰɟɞɜɘəɐ ɛɞɟűɐ, əŬɘ ɗŬ ŬɜŬɟŰɖɗɞɨɜ, ɛŮŰɎ Űɞ ˊɏɟŬɠ Űɞɡ 

ɆɡɜŮŭɟɑɞɡ, ůŰɖɜ Ůˊɑůɖɛɖ ɘůŰɞůŮɚɑŭŬ Űɖɠ ȺˊɘůŰɖɛɞɜɘəɐɠ ȺˊɘŰɟɞˊɐɠ Űɖɠ Ⱥɚɚɖɜɘəɐɠ Ȱɜɤůɖɠ 

ȺɟɔŬůŰɖɟɑɤɜ (https://www.greekmetrology.gr/conferences/9th-metrology-conference/). 

ȺɡɢŬɟɘůŰɑŮɠ ɞűŮɑɚɞɜŰŬɘ: 

¶ ɆŰɞɡɠ ůɡɜŭɘɞɟɔŬɜɤŰɏɠ Űɞɡ ɆɡɜŮŭɟɑɞɡ, ɔɘŬ Űɖ ůɡɛɓɞɚɐ Űɞɡɠ ůŰɖɜ ŮˊɘŰɡɢɐ ŭɘŮɝŬɔɤɔɐ Űɖɠ 

ŭɘɞɟɔɎɜɤůɖɠ 

¶ ɆŰɖɜ ɃɟɔŬɜɤŰɘəɐ ȺˊɘŰɟɞˊɐ, ŰŬ ɛɏɚɖ Űɖɠ ɞˊɞɑŬɠ ɛŮ Űɘɠ ůɡɜŮɢŮɑɠ ï ůɡůŰɖɛŬŰɘəɏɠ ůɡɜŮŭɟɘɎůŮɘɠ 

Űɞɡɠ əŬɘ Űɞɡɠ ɞɡůɘŬůŰɘəɞɨɠ ˊɟɞɓɚɖɛŬŰɘůɛɞɨɠ Űɞɡɠ, ůɡɜɏɓŬɚŬɜ əŬɗɞɟɘůŰɘəɎ ůŰɞɜ ůɢŮŭɘŬůɛɧ 

əŬɘ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ ɆɡɜŮŭɟɑɞɡ 

¶ ɆŰɖɜ ȺˊɘůŰɖɛɞɜɘəɐ ȺˊɘŰɟɞˊɐ, ŰŬ ɛɏɚɖ Űɖɠ ɞˊɞɑŬɠ ɡˊɞůŰɐɟɘɝŬɜ ŮɜŮɟɔɎ Űɖɜ ɞɟɔɎɜɤůɖ Űɞɡ 

ɆɡɜŮŭɟɑɞɡ, ŬɝɘɞɚɞɔɩɜŰŬɠ Űɘɠ ɡˊɞɓɚɖɗŮɑůŮɠ ˊŮɟɘɚɐɣŮɘɠ əŬɘ ůɡɛɓɎɚɚɞɜŰŬɠ ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ 

ˊɞɘɧŰɖŰŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

¶ ɆŰɞɡɠ ɢɞɟɖɔɞɨɠ Űɞɡ ɆɡɜŮŭɟɑɞɡ, ɞɘ ɞˊɞɑɞɘ ůŰɐɟɘɝŬɜ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɞɡ 6ɞɡ ɆŬɚɞɜɘɞɨ 

ɀŮŰɟɞɚɞɔɑŬɠ, Űɧůɞ ɞɘəɞɜɞɛɘəɎ ɧůɞ əŬɘ ɛŮ Űɖɜ ŮɜŮɟɔɐ ˊŬɟɞɡůɑŬ Űɞɡɠ,  

¶ ɆŮ ɧɚɞɡɠ Űɞɡɠ ůɡɛɛŮŰɏɢɞɜŰŮɠ ˊɞɡ ɛŮ Űɘɠ ˊŬɟɞɡůɘɎůŮɘɠ Űɞɡɠ əŬɘ Űɘɠ ˊŬɟŮɛɓɎůŮɘɠ Űɞɡɠ Ůɜɘůɢɨɞɡɜ 

Űɖɜ ŬˊɞŰɨˊɤůɖ Űɤɜ ˊɟɞɓɚɖɛŬŰɘůɛɩɜ Űɞɡ əɚɎŭɞɡ əŬɘ ˊɟɞɎɔɞɡɜ Űɞɜ ŬɜŬɔəŬɑɞ ŭɘɎɚɞɔɞ ɔɨɟɤ 

Ŭˊɧ Űɘɠ ůɨɔɢɟɞɜŮɠ ˊɟɞəɚɐůŮɘɠ Űɖɠ ɛŮŰɟɞɚɞɔɘəɐɠ əɞɘɜɧŰɖŰŬɠ ůŰɖɜ ȺɚɚɎŭŬ 

 

ɀŮ ɘŭɘŬɑŰŮɟɖ ŮəŰɑɛɖůɖ, 

Ƀ ɄɟɧŮŭɟɞɠ Űɖɠ ɃɟɔŬɜɤŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ Űɞɡ ɆɡɜŮŭɟɑɞɡ 

 

ȹɟ. ȾɤɜůŰŬɜŰɑɜɞɠ ȺɚŮɡɗŮɟɘɎŭɖɠ 

ȺȾȺūȺ çȹɖɛɧəɟɘŰɞɠè 

 

https://www.greekmetrology.gr/conferences/9th-metrology-conference/
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ɃɟɔŬɜɤŰɘəɐ ȺˊɘŰɟɞˊɐ 

 

Ⱦ. ȺɚŮɡɗŮɟɘɎŭɖɠ ȺȾȺūȺ çȹɖɛɧəɟɘŰɞɠè (ɄɟɧŮŭɟɞɠ ɃɟɔŬɜɤŰɘəɐɠ ȺˊɘŰɟɞˊɐɠ) 

Ʉ. ȷɔɎɗɤɜɞɠ HellasLab, SOL Hellas 

Ɇ. ȷɔɔŮɚɧˊɞɡɚɞɠ ȺɀɄ, Ɇɢɞɚɐ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ &  ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ƚ. ũəɧɜɞɠ ȺɀɄ, Ɇɢɞɚɐ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ &  ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ũ. ȹɟɑɚɚɘŬ ȺɟɔŬůŰɐɟɘŬ ɇůŬəŬɚɑŭɖ 

ȼ. ȾŬəɞɡɚɑŭɖɠ Ⱥɉȼɀ, ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ 

Ⱥ. ȾŬɟŬɛˊɏŰůɞɠ Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ 

Ⱥ. ȿŬɛˊɐ ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ 

Ⱥ. ɀŬɗɘɞɡɚɎəɖɠ ȺȾȺūȺ ȹɖɛɧəɟɘŰɞɠ 

ũ. ɀɖɚɘɎŭɖɠ TUV Austria Labs 

ũ. ɀˊŬɚŬɔɘɎɜɜɖɠ ɀˊŮɜɎəŮɘɞ ūɡŰɞˊŬɗɞɚɞɔɘəɧ ȽɜůŰɘŰɞɨŰɞ 

Ⱦ. ɁɘəɞɚɑŰůŬɠ ȺɀɄ, Ɇɢɞɚɐ ȷɔɟɞɜɧɛɤɜ əŬɘ ɇɞˊɞɔɟɎűɤɜ ɀɖɢŬɜɘəɩɜ ï ɀɖɢŬɜɘəɩɜ 

ũŮɤˊɚɖɟɞűɞɟɘəɐɠ 

ũ. ɄŬɜŰŬɕɐɠ ȺɀɄ, Ɇɢɞɚɐ ȷɔɟɞɜɧɛɤɜ əŬɘ ɇɞˊɞɔɟɎűɤɜ ɀɖɢŬɜɘəɩɜ ï ɀɖɢŬɜɘəɩɜ 

ũŮɤˊɚɖɟɞűɞɟɘəɐɠ 

ȷ. ɄɞɚɡəɟɎŰɖ ȺɀɄ, Ɇɢɞɚɐ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ &  ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ⱦ. ɄɞŰɖɟɘɎŭɖɠ Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ 

Ⱥ. ɉɟɘůŰɞűɧɟɞɡ ȺɀɄ, Ɇɢɞɚɐ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ &  ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 
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ȺˊɘůŰɖɛɞɜɘəɐ ȺˊɘŰɟɞˊɐ 

 

Ʉ. ȷɔɎɗɤɜɞɠ HellasLab, SOL Hellas 

ɀ. ȷůůŬɏɚ ȷɄŪ, ɇɛɐɛŬ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ 

ȹ. ȸɞɡŰůɎ ȷɄŪ, ɇɛɐɛŬ ɉɖɛŮɑŬɠ 

ɀ. ũəɑɜɖ ȺȾȺūȺ ȹɖɛɧəɟɘŰɞɠ 

Ƚ. ũəɧɜɞɠ ȺɀɄ, Ɇɢɞɚɐ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ & ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȿ. ȹɞɨɚɞɠ ȺȷɄ, Ɇɢɞɚɐ ȺűŬɟɛɞůɛɏɜɤɜ ɇŮɢɜɩɜ əŬɘ ȸɘɩůɘɛɞɡ ɆɢŮŭɘŬůɛɞɨ 

ũ. ȹɟɑɚɚɘŬ ȺɟɔŬůŰɐɟɘŬ ɇůŬəŬɚɑŭɖ 

Ɂ. ŪɤɛŬȶŭɖɠ ȺȾɄȷ, ɇɛɐɛŬ ɉɖɛŮɑŬɠ 

ȼ. ȾŬəɞɡɚɑŭɖɠ ũŮɜɘəɧ ɉɖɛŮɑɞɡ ȾɟɎŰɞɡɠ 

Ƚ. ȾŬɚŬɓɟɞɡɕɘɩŰɖɠ ȺȷɄ, Ɇɢɞɚɐ ŪŮŰɘəɩɜ ȺˊɘůŰɖɛɩɜ & ɇŮɢɜɞɚɞɔɑŬɠ 
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ɉ. ȾɞɜŰɞɔɘɎɜɜɖɠ ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ, ɇɛɐɛŬ ūŬɟɛŬəŮɡŰɘəɐɠ 

ȷ. ȾɡɟɑŰůɖɠ ȺɀɄ, Ɇɢɞɚɐ ȺűŬɟɛɞůɛɏɜɤɜ ɀŬɗɖɛŬŰɘəɩɜ əŬɘ ūɡůɘəɩɜ ȺˊɘůŰɖɛɩɜ 

Ⱥ. ȿŬɛˊɐ ũŮɜɘəɧ ɉɖɛŮɑɞ ȾɟɎŰɞɡɠ 
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ɇŮɢɜɞɚɞɔɑŬɠ ɈˊɞɚɞɔɘůŰɩɜ 
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Biological aerosols are released into the air by plants, fungi, and other living organisms. They 

are ubiquitous in the atmosphere, although their concentration and composition can vary 

significantly in time and by location. Bioaerosols can act as cloud condensation nuclei as well as ice 

nuclei, influencing the hydrological cycle and climate. Moreover, pollen monitoring can underpin 

ecology studies on vegetation shifts and invasive species, e.g. related to fragile ecosystems in high 

Alpine regions or the Arctic which are greening rapidly due to climate change. Information on 

bioaerosols is also crucial for agriculture and forestry, where real-time data about the presence of 

pathogens, mostly fungi, are necessary for protecting agricultural production and developing 

knowledge-based technologies.  

For more than sixty years, bioaerosol monitoring networks were based on manual methods, i.e. 

particles were collected on a suitable substrate and then counted with an optical microscope. These 

methods suffer from poor time resolution (typically 24 hours) and long delays in data availability 

(typically 7-9 days). Recent technological developments and machine learning (ML) have made it 

possible to automate bioaerosol monitoring, revolutionising the information that can be made 

available to end-users. In this work, we will present a laboratory-based method for characterising 

the performance of automated bioaerosol monitors as a whole unit (i.e. hardware plus identification 

algorithms) based on the use of well-controlled pollen aerosols and a reference method for particle 

counting known as Lagrangian Particle Tracking using the Double-Pulse Shake-the-Box processing 

algorithm. The experiments were carried out with the SwisensPoleno Jupiter bioaerosol monitor 

(Swisens, Switzerland). This monitor combines light scattering, inline digital holography and 

ultraviolet laser-induced fluorescence with artificial intelligence, providing measurements of 

particle size and shape, number concentration and particle identification/classification. The 

performance of the ML algorithm was characterised in terms of pollen-taxon true-positive 

classification rate under controlled environmental conditions, and the calibration of the total particle 

number concentration was extended up to 70 ɛm to cover almost the entire size range of airborne 

pollen particles. Based on this, a new method has been developed to determine taxon-specific 

ACCURATE REAL -TIME BIOAEROSOL MONITORING  
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calibration factors for the Poleno, which are traceable to national standards. The method can be 

applied to any type of bioaerosol monitor.  

 

Keywords: bioaerosol, calibration, neural network, machine learning, pollen 
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Ƀ ɛŬɨɟɞɠ ɎɜɗɟŬəŬɠ (Black Carbon ï BC) ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ ůɡůŰŬŰɘəɧ Űɤɜ ŬŮɟɞɚɡɛɎŰɤɜ, ɛŮ 

ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ Űɧůɞ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ ɧůɞ əŬɘ ůŰɞ əɚɑɛŬ. ɄŬɟɎɔŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɖɜ 

ŬŰŮɚɐ əŬɨůɖ əŬɡůɑɛɤɜ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ˊɚɏɞɜ ůŰɖ ɜɏŬ ɃŭɖɔɑŬ Űɖɠ ȺȺ ɔɘŬ Űɖɜ ɄɞɘɧŰɖŰŬ Űɞɡ 

ȷɏɟŬ (2024/2881), ɛŮŰŬɝɨ Űɤɜ ɟɨˊɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɛŮŰɟɩɜŰŬɘ ůŮ ɡˊŮɟůŰŬɗɛɞɨɠ 

ˊŬɟŬəɞɚɞɨɗɖůɖɠ, Űɧůɞ ůŮ ŬůŰɘəɏɠ ɧůɞ əŬɘ ůŮ ŬɔɟɞŰɘəɏɠ ˊŮɟɘɞɢɏɠ.ȷɜɎɚɞɔŬ ɛŮ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ 

ɛɏŰɟɖůɖɠ, ɞ BC ŬɜŬűɏɟŮŰŬɘ ŮɑŰŮ ɤɠ ůŰɞɘɢŮɘŬəɧɠ (EC), ŮɑŰŮ ɤɠ ˊɡɟɑɛŬɢɞɠ (rBC), ŮɑŰŮ ɤɠ ɘůɞŭɨɜŬɛɞɠ 

(eBC) ɛŬɨɟɞɠ ɎɜɗɟŬəŬɠ, ɛŮ Űɞɜ ŰŮɚŮɡŰŬɑɞ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ůɡɜŰŮɚŮůŰɐ Ŭˊɞɟɟɧűɖůɖɠ 

űɤŰɧɠ ɛɏůɤ əŬŰɎɚɚɖɚɤɜ ůɡɜŰŮɚŮůŰɩɜ ŭɘŬŰɞɛɐɠ Ŭˊɞɟɟɧűɖůɖɠ ɛɎɕŬɠ (mass absorption cross-

section, MAC). 

ȼ ŬɜɎɔəɖ ɔɘŬ ɏɜŬ ŮɜŬɟɛɞɜɘůɛɏɜɞ əŬɘ ŬɝɘɧˊɘůŰɞ ˊɚŬɑůɘɞ ɛŮŰɟɐůŮɤɜ ŮɑɜŬɘ əɟɑůɘɛɖ ɔɘŬ Űɖɜ 

ŬɝɘɞˊɘůŰɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Űɧůɞ ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ɏɟŮɡɜŬ ɧůɞ əŬɘ ůŰɖ 

ɢɎɟŬɝɖ ˊɞɚɘŰɘəɩɜ ɔɘŬ Űɖɜ ŬŰɛɞůűŬɘɟɘəɐ ɟɨˊŬɜůɖ əŬɘ Űɖɜ əɚɘɛŬŰɘəɐ ŬɚɚŬɔɐ. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, 

ɓŬůɘəɏɠ ˊɟɞŰŮɟŬɘɧŰɖŰŮɠ ŬˊɞŰŮɚɞɨɜ: (Ŭ) ɖ ŬɜɎˊŰɡɝɖ ɘɢɜɖɚɎůɘɛɤɜ ɛŮɗɧŭɤɜ ŬɜŬűɞɟɎɠ ɔɘŬ Űɖ 

ɛɏŰɟɖůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ Ŭˊɞɟɟɧűɖůɖɠ űɤŰɧɠ Ŭˊɧ ŬŮɟɞɚɨɛŬŰŬ, ɛŮ ˊɚɐɟɤɠ ŰŮəɛɖɟɘɤɛɏɜɞ 

ɡˊɞɚɞɔɘůɛɧ ŬɓŮɓŬɘɧŰɖŰŬɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ əŬɘ Űɘɠ ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ,  (ɓ) ɖ əŬɗɘɏɟɤůɖ ŬɝɘɧˊɘůŰɤɜ ɛŮɗɧŭɤɜ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ MAC əŬɘ (ɔ) 

ɖ ɓŮɚŰɑɤůɖ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ɓŬɗɛɞɜɧɛɖůɖɠ űɤŰɧɛŮŰɟɤɜ Ŭˊɞɟɟɧűɖůɖɠ, ɛɏůɤ Űɖɠ ɢɟɐůɖɠ 

ůɡɜɗŮŰɘəɩɜ ŬŮɟɞɚɡɛɎŰɤɜ ɛŮ Ůɡɟɨ űɎůɛŬ ɚŮɡəŬɨɔŮɘŬɠ ɛɞɜɐɠ ůəɏŭŬůɖɠ (Single Scattering Albedo, 

SSA). 

ɇɞ ɏɟɔɞ STANBC ï Standardisation of Black Carbon Aerosol Metrics for Air Quality and 

Climate Modelling ůŰɞɢŮɨŮɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŬɝɘɧˊɘůŰɞɡ ˊɚŬɘůɑɞɡ ɛɏŰɟɖůɖɠ Űɧůɞ Űɞɡ 

ůɡɜŰŮɚŮůŰɐ Ŭˊɞɟɟɧűɖůɖɠ űɤŰɧɠ Ŭˊɧ ŬŮɟɞɚɨɛŬŰŬ ɧůɞ əŬɘ Űɖɠ ɛŮŰŬŰɟɞˊɐɠ Űɞɡ ůŮ ůɡɔəɏɜŰɟɤůɖ 

ɛɎɕŬɠ eBC, ɛŮ ůəɞˊɧ Űɖɜ ŮɝŬůűɎɚɘůɖ ɘɢɜɖɚŬůɘɛɧŰɖŰŬɠ əŬɘ ůɡɜɏˊŮɘŬɠ. ɆŰɞ ˊɚŬɑůɘɞ Űɞɡ ɏɟɔɞɡ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮəůŰɟŬŰŮɑŬ ˊŮŭɑɞɡ ůŰɞɜ ůŰŬɗɛɧ ˊŬɟŬəɞɚɞɨɗɖůɖɠ Űɞɡ ȺȾȺūȺ çȹɖɛɧəɟɘŰɞɠè 

(25/09ï11/10/2023), ɛŮ ůəɞˊɧ Űɖ ůɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ŭɘŬűɞɟŮŰɘəɩɜ ŰŮɢɜɘəɩɜ ɛɏŰɟɖůɖɠ Űɞɡ 

BC. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɧɟɔŬɜŬ ɧˊɤɠ ŬɘɗŬɚɧɛŮŰɟŬ (AE33), űɤŰɞɗŮɟɛɘəɧ ˊŬɟŮɛɓɞɚɧɛŮŰɟɞ 

(PTAAM-2ɚ), űɤŰɞŬəɞɡůŰɘəɧɠ ŬˊɞɟɟɞűɖŰɐɟŬɠ (PAX), ɛŮŰɟɖŰɐɠ ůɤɛŬŰɘŭɑɤɜ ŬɘɗɎɚɖɠ (SP2-XR) 

əŬɘ ŬɜŬɚɡŰɐɠ EC/OC (Sunset Lab), Ůɜɩ ɞɘ ɛŮŰɟɐůŮɘɠ ůɡɛˊɚɖɟɩɗɖəŬɜ ɛŮ ɜŮűŮɚɧɛŮŰɟɞ ůəɏŭŬůɖɠ 

əŬɘ əŬŰŬɜɞɛɏɠ ɛŮɔɏɗɞɡɠ ůɤɛŬŰɘŭɑɤɜ. 

ȷɁȷɆȾɃɄȼɆȼ ɇȺɉɁȽȾɋɁ ɀȺɇɅȼɆȼɆ ɇɃɈ ɀȷɈɅɃɈ ȷɁŪɅȷȾȷ.                        

ɇɃ ȽȺɅɃ ȹȽɆȾɃɄɃɇȼɅɃ ɇȼɆ ɀȺŪɃȹɃɈ ȷɁȷūɃɅȷɆ ȾȷȽ ȼ ȽɆɃȹɈɁȷɀȽȷ 

ɀȺɇȷɂɈ ɇɋɁ ȾɈɅȽɃɇȺɅɋɁ ɀȺŪɃȹɋɁ 

mailto:gini@ipta.demokritos.gr
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ID: 046 

 

ɀŬɟɑŬ ɉɟɘůŰɞˊɞɨɚɞɡ, Ɂɑəɞɠ ɄŬˊŬɜɘəɞɚɎɞɡ əŬɘ Ⱥɡɗɨɛɘɞɠ ȾŬɟŬɛˊɏŰůɞɠ 

Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ, ɄŬŰɟɘɎɟɢɞɡ ũɟɖɔɞɟɑɞɡ əŬɘ ɁŮŬˊɧɚŮɤɠ, 15341, ȷɔɑŬ ɄŬɟŬůəŮɡɐ 

ȷŰŰɘəɐɠ 

e-mail: maria.christopoulou@eeae.gr 

 

ȼ ŮɟɔŬůɑŬ ɏɔɘɜŮ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ȺɡɟɤˊŬɥəɞɨ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ SEAWave 

(101057622) əŬɘ ůɡɜɞɣɑɕŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɤɜ Ůˊɘˊɏŭɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ 

ŬəŰɘɜɞɓɞɚɑŬɠ ɟŬŭɘɞůɡɢɜɞŰɐŰɤɜ ŮɜŰɧɠ Űɞɡ ŭɘəŰɨɞɡ ɛŮŰɟɧ Űɖɠ ȷɗɐɜŬɠ. Ƀɘ ɛŮŰɟɐůŮɘɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ ɢɟɐůɖ Űɞɡ ˊɟɞůɤˊɘəɞɨ ŭɞůɑɛŮŰɟɞɡ MVG EME Spy 200 ůŰɞɡɠ ɢɩɟɞɡɠ Űɤɜ 

67 ůŰŬɗɛɩɜ əŬɘ ŮɜŰɧɠ Űɤɜ əɘɜɞɨɛŮɜɤɜ ůɡɟɛɩɜ. ɇɞ ŭɑəŰɡɞ Űɞɡ ɛŮŰɟɧ Űɖɠ ȷɗɐɜŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ŰɟŮɘɠ ɡˊɧɔŮɘŮɠ (əɡɟɑɤɠ) ɔɟŬɛɛɏɠ: 1. ˊɟɎůɘɜɖ (24 ůŰŬɗɛɞɑ), 2. əɧəəɘɜɖ (20 ůŰŬɗɛɞɑ) əŬɘ 3. ɛˊɚŮ (23 

ůŰŬɗɛɞɑ). ɆŮ ŬɡŰɏɠ ɡˊɎɟɢɞɡɜ ˊɞɚɡůɨɢɜŬůŰɞɘ ůŰŬɗɛɞɑ (ˊ.ɢ. ůŰŬɗɛɧɠ ɆɡɜŰɎɔɛŬŰɞɠ), ůɡɜŭŮŭŮɛɏɜɞɘ 

ɛŮ ɎɚɚŮɠ ɔɟŬɛɛɏɠ ɧˊɞɡ ɏɢɞɡɜ ŮɔəŬŰŬůŰŬɗŮɑ ɛɘəɟɞəŮɟŬɑŮɠ ŬɜŬɛŮŰɎŭɞůɖɠ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ ůŰɖɜ 

ɞɟɞűɐ əŮɜŰɟɘəɩɜ ɢɩɟɤɜ. ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ, əŬŰŬɔɟɎűŮŰŬɘ ɖ Űɘɛɐ Űɞɡ ɖɚŮəŰɟɘəɞɨ 

ˊŮŭɑɞɡ E (V/m) əɎɗŮ 4 ŭŮɡŰŮɟɧɚŮˊŰŬ, ůŮ 20 ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ůɡɢɜɞŰɘəɏɠ ˊŮɟɘɞɢɏɠ, əŬŰɎ Űɖɜ 

ŬɜŮɟɢɧɛŮɜɖ (UL) əŬɘ əŬŰŮɟɢɧɛŮɜɖ (DL) ɕŮɨɝɖ. ȼ əŬŰŬɔɟŬűɐ Űɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ əŬɘ ůŰɘɠ ŭɨɞ 

ɕŮɨɝŮɘɠ ɔɑɜŮŰŬɘ ɚɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ Ŭɟɘɗɛɞɨ Ŭɜɗɟɩˊɤɜ ˊɞɡ ŰŬɝɘŭŮɨɞɡɜ ůŰɞ ůɡɟɛɧ əŬɘ/ɐ ɓɟɑůəɞɜŰŬɘ 

ůŰɖɜ ŬˊɞɓɎɗɟŬ Űɞɡ ůŰŬɗɛɞɨ, ůɡɜŮɘůűɏɟɞɜŰŬɠ ůɖɛŬɜŰɘəɎ ůŰɖɜ ŬˊɞŰɑɛɖůɖ Űɤɜ Ůˊɘˊɏŭɤɜ 

Ŭˊɞɟɟɧűɖůɖɠ ɟŬŭɘɞůɡɢɜɞŰɐŰɤɜ ɞɚɧəɚɖɟɞɡ Űɞɡ ůɩɛŬŰɞɠ. ȼ ŬɜɎɚɡůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ˊŮɟɘɔɟŬűɘəɐ ůŰŬŰɘůŰɘəɐ, ůɡůɢŮŰɑɕɞɜŰŬɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ 

ůŰŬɗɛɞɨ əŬɘ ɔɟŬɛɛɐɠ.  

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬˊɞəŬɚɨˊŰɞɡɜ ɧŰɘ ɖ əɡɟɑŬɟɢɖ ɡˊɖɟŮůɑŬ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ ŮɑɜŬɘ ɖ GSM 

DL (925-960 MHz), ɚɧɔɤ Űɤɜ ɛɘəɟɞəŮɟŬɘɩɜ ˊɞɡ ŮɑɜŬɘ ŮɔəŬŰŮůŰɖɛɏɜŮɠ ůŮ ˊɞɚɚɞɨɠ ůŰŬɗɛɞɨɠ Űɞɡ 

ɛŮŰɟɧ ɔɘŬ ɜŬ ŮɝɡˊɖɟŮŰɞɨɜ əɡɟɑɤɠ ɡˊɖɟŮůɑŮɠ űɤɜɐɠ. ȼ ɔɟŬɛɛɐ 1 ŮɑɜŬɘ ɤɠ Ůˊɑ Űɞ ˊɚŮɑůŰɞ ɡˊɏɟɔŮɘŬ, 

ɔŮɔɞɜɧɠ ˊɞɡ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ˊɚɞɨůɘɞ ůɡɢɜɞŰɘəɧ ˊŮɟɘŮɢɧɛŮɜɞ/ůɡɜŮɘůűɞɟɎ ɧɚɤɜ Űɤɜ 

ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɩɜ ɡˊɖɟŮůɘɩɜ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ, əŬɗɩɠ ŰŬ ŰŮɟɛŬŰɘəɎ/ůɡůəŮɡɏɠ əɘɜɖŰɐɠ 

ŰɖɚŮűɤɜɑŬɠ Űɤɜ ŮˊɘɓŬŰɩɜ Ůˊɘəɞɘɜɤɜɞɨɜ ɛŮ Űɘɠ ŮɝɤŰŮɟɘəɏɠ əŮɟŬɑŮɠ Űɤɜ ˊŬɟɧɢɤɜ. ɆŰɖ ɔɟŬɛɛɐ 3, 

ɡˊɎɟɢɞɡɜ ůɖɛŮɑŬ ɧˊɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛɘəɟɞəŮɟŬɑŮɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ůŰɞ Ůɨɟɞɠ 925-960 MHz 

ŮůɤŰŮɟɘəɎ əŬŰɎ ɛɐəɞɠ Űɤɜ ůɖɟɎɔɔɤɜ, ˊŬɟɏɢɞɜŰŬɠ ůɖɛŬɜŰɘəɎ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ůŰɞɜ əɘɜɞɨɛŮɜɞ 

ůɡɟɛɧ ůŮ ůɨɔəɟɘůɖ ɛŮ ŬɡŰɏɠ ůŰɞ ůŰŬɗɛɧ Űɖɠ ɑŭɘŬɠ ɔɟŬɛɛɐɠ.  

ɇŬ ůɡɛˊŮɟɎůɛŬŰŬ ŮɝɎɔɞɜŰŬɘ ɛŮ ɓɎůɖ Űɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ ŭɞɛɐ əɎɗŮ ɔɟŬɛɛɐɠ/ůŰŬɗɛɞɨ ɛŮŰɟɧ, 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ ɡˊɧɔŮɘŮɠ əŬɘ ŮˊɑɔŮɘŮɠ ɟɎɔŮɠ əŬɘ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ŮůɤŰŮɟɘəɩɜ 

ɛɘəɟɞəŮɟŬɘɩɜ ůŰɞɡɠ ůŰŬɗɛɞɨɠ əŬɘ əŬŰɎ ɛɐəɞɠ Űɤɜ ůɖɟɎɔɔɤɜ. ȼ ůɡɛɓɞɚɐ Űɖɠ ɕɩɜɖɠ 5G NR FR1 

(3500 ɀȼz) ůŰɖɜ ůɡɜɞɚɘəɐ Űɘɛɐ Űɞɡ ˊŮŭɑɞɡ E ɐŰŬɜ ɢŬɛɖɚɐ ůŮ ɧɚŮɠ Űɘɠ ɔɟŬɛɛɏɠ əŬɘ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ (ůŰŬɗɛɧɠ/əɘɜɞɨɛŮɜɞɠ ůɡɟɛɧɠ).  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ, ˊɟɞůɤˊɘəɧ ŭɞůɑɛŮŰɟɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ɏəɗŮůɖɠ, ɚɧɔɞɠ 

ɏəɗŮůɖɠ, ɔŮɜɘəɧɠ ˊɚɖɗɡůɛɧɠ 

ȷɄɃɇȽɀȼɆȼ ɇɋɁ ɈɊȽɆɈɉɁɋɁ ȼȿȺȾɇɅɃɀȷũɁȼɇȽȾɋɁ ɄȺȹȽɋɁ ɆɇɃ ȹȽȾɇɈɃ 

ɇɃɈ ɀȺɇɅɃ ɇȼɆ ȷŪȼɁȷɆ 
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ID: 074 

 

ŪɟŬůɨɓɞɡɚɞɠ ɆɎɓɓŬɠ, ȺɡɔŮɜɑŬ ȹŮůɨˊɟɖ, ȺɡɔŮɜɑŬ ȿŬɛˊɐ 

ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ, ȷɜ. ɇůɧɢŬ 16, ɇȾ 11521, ȷɗɐɜŬ 
1e-mail: t.savvas@aade.gr 

   

ũɘŬ Űɖɜ ˊɎŰŬɝɖ Űɞɡ ɚŬɗɟŮɛˊɞɟɑɞɡ əŬɘ Űɖ Ůɨɟɡɗɛɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ŬɔɞɟɎɠ əŬɡůɑɛɤɜ ɏɢŮɘ 

ɜɞɛɞɗŮŰɖɗŮɑ ɖ ɡˊɞɢɟŮɤŰɘəɐ ˊɟɞůɗɐəɖ ɘɢɜɖɗɏŰɖ, əɞɘɜɞɨ ůŮ ɧɚŬ ŰŬ ȾɟɎŰɖ ɛɏɚɖ Űɖɠ ȺȺ, ůŮ əŬɨůɘɛŬ 

ˊɞɡ ɡˊɧəŮɘɜŰŬɘ ůŮ ɛŮɘɤɛɏɜɞ ɐ ɛɖŭŮɜɘəɧ Ůɘŭɘəɧ űɧɟɞ əŬŰŬɜɎɚɤůɖɠ.    

Ƀ ɜɏɞɠ ŮɡɟɤˊŬɥəɧɠ ɘɢɜɖɗɏŰɖɠ (ɓɞɡŰɧɝɡ-ɓŮɜɕɧɚɘɞ) ɔɘŬ Űɞ ˊŮŰɟɏɚŬɘɞ ɗɏɟɛŬɜůɖɠ əŬɘ ɜŬɡŰɘɚɑŬɠ əŬɘ Űɞ 

űɤŰɘůŰɘəɧ ˊŮŰɟɏɚŬɘɞ ɏɔɘɜŮ ɡˊɞɢɟŮɤŰɘəɧɠ Ŭˊɧ Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2024 ůŰɘɠ ɢɩɟŮɠ Űɖɠ ȺȺ ůŮ 

ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ solvent yellow 124. ɇɞ ȺɡɟɤˊŬɥəɧ ȹɑəŰɡɞ ɇŮɚɤɜŮɘŬəɩɜ ȺɟɔŬůŰɖɟɑɤɜ (CLEN) 

ŭɘɞɟɔɎɜɤůŮ Űɞɜ Ƚɞɨɚɘɞ 2023 ŭɘŮɟɔŬůŰɖɟɘŬəɐ ɛŮɚɏŰɖ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɜɏɞɡ ɘɢɜɖɗɏŰɖ ůŮ 

ŭŮɑɔɛŬŰŬ əŬɡůɑɛɤɜ ɛŮ ůəɞˊɧ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɤɜ ŰŮɚɤɜŮɘŬəɩɜ ŮɟɔŬůŰɖɟɑɤɜ Űɖɠ ȺȺ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ ŬɜŬɚɨůŮɘɠ əŬɡůɑɛɤɜ əŬɘ Űɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ˊɘůŰɧŰɖŰŬɠ Űɖɠ ɛŮɗɧŭɞɡ ɛɏŰɟɖůɖɠ.  

 ɆŰɖɜ ɛŮɚɏŰɖ  ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɡˊɧ Űɖɜ ŮˊɑɓɚŮɣɖ Űɖɠ ŬɟɛɧŭɘŬɠ ȹɘŮɨɗɡɜůɖɠ Űɖɠ ũŮɜ. 

ȹ/ɜůɖɠ  ɔɘŬ Űɖɜ ūɞɟɞɚɞɔɘəɐ əŬɘ ɇŮɚɤɜŮɘŬəɐ Ȱɜɤůɖ Űɖɠ Ⱥ.Ⱥ.  (TAXUD B5) əŬɘ ɛŮ ůɡɜŰɞɜɘůŰɐ Űɞ 

ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ Űɖɠ ȺɚɚɎŭɞɠ ůɡɛɛŮŰŮɑɢŬɜ 29 ŮɡɟɤˊŬɥəɎ ŮɟɔŬůŰɐɟɘŬ, əɡɟɑɤɠ 

ŰŮɚɤɜŮɘŬəɎ ŬɚɚɎ əŬɘ ɞɟɘůɛɏɜŬ ɘŭɘɤŰɘəɎ.  ȼ ɛɏɗɞŭɞɠ ɛɏŰɟɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ (IL IADe 606) 

ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŰŮɢɜɘəɐ 2D-GC-FID-MS. ɀŮɚŮŰɐɗɖəŬɜ əŬɘ ůɡɔəɟɑɗɖəŬɜ ŭɨɞ ˊŬɟŬɚɚŬɔɏɠ Űɖɠ 

ɛŮɗɧŭɞɡ, ɛŮ ɐ ɢɤɟɑɠ ɢɟɐůɖ ŮůɤŰŮɟɘəɞɨ ˊɟɞŰɨˊɞɡ ŭŮɡŰŮɟɘɞɛɏɜɞɡ ɘɢɜɖɗɏŰɖ, ŬɜŰɑůŰɞɘɢŬ. 

ȷɜŬɚɨɗɖəŬɜ 11 ŭŮɑɔɛŬŰŬ (ɏɜŬ ɡɚɘəɧ ŬɜŬűɞɟɎɠ əŬɘ 10 ŭŮɑɔɛŬŰŬ ˊɏɜŰŮ ŭɘŬűɞɟŮŰɘəɩɜ Ůɘŭɩɜ 

əŬɡůɑɛɤɜ), ŮɛɓɞɚɘŬůɛɏɜŬ ɛŮ ɘɢɜɖɗɏŰɖ ůŮ ŭɘɎűɞɟŬ ŮˊɑˊŮŭŬ Ŭˊɧ 1,2% ɏɤɠ 158% Űɖɠ ŮɚɎɢɘůŰɖɠ 

ŮˊɘŰɟŮˊɧɛŮɜɖɠ  Űɘɛɐɠ ɔɘŬ Űɖɜ ŮˊɘɓŮɓŬɑɤůɖ Űɖɠ ůɤůŰɐɠ ɘɢɜɖɗɏŰɖůɖɠ ɐ Űɖɜ ŰŮəɛɖɟɑɤůɖ ˊŬɟɎɓŬůɖɠ 

ɐ ɜɞɗŮɑŬɠ. ȼ  ɛŮɚɏŰɖ ɞɚɞəɚɖɟɩɗɖəŮ ŮˊɘŰɡɢɩɠ Űɞɜ ȽŬɜɞɡɎɟɘɞ  Űɞɡ 2024 ɛŮ Űoɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ 

ŭɘŮɟɔŬůŰɖɟɘŬəɐɠ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬɠ Űɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖɠ ɛŮɗɧŭɞɡ əŬɘ Űɞɡ z-score Űɤɜ 

ůɡɛɛŮŰŮɢɧɜŰɤɜ.  ȼ ŬɜɎəŰɖůɖ ɡˊɞɚɞɔɑůŰɖəŮ ɔɘŬ Űɞ ɡɚɘəɧ ŬɜŬűɞɟɎɠ ɛŮ ɓɎůɖ Űɖɜ ˊɘůŰɞˊɞɘɖɛɏɜɖ 

Űɘɛɐ Űɞɡ əŬɘ ɔɘŬ ŰŬ ɡˊɧɚɞɘˊŬ 10 ŭŮɑɔɛŬŰŬ ɛŮ ɓɎůɖ Űɞ ŮˊɑˊŮŭɞ ŮɛɓɞɚɘŬůɛɞɨ. ȷˊɧ Űɖ ůɨɔəɟɘůɖ Űɤɜ 

ŭɨɞ ˊŬɟŬɚɚŬɔɩɜ Űɖɠ ɛŮɗɧŭɞɡ (ɛŮ əŬɘ ɢɤɟɑɠ Űɖ ɢɟɐůɖ ŮůɤŰŮɟɘəɞɨ ˊɟɞŰɨˊɞɡ) ŮˊɘɓŮɓŬɘɩɗɖəŮ ɧŰɘ ɖ 

ˊɟɞůɗɐəɖ ŮůɤŰŮɟɘəɞɨ ˊɟɞŰɨˊɞɡ ɓŮɚŰɘɩɜŮɘ Űɖɜ ˊɘůŰɧŰɖŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ, ɧˊɤɠ ɐŰŬɜ 

ŬɜŬɛŮɜɧɛŮɜɞ, ɢɤɟɑɠ ɧɛɤɠ ɜŬ ŮˊɖɟŮɎɕŮɘ Űɖɜ ɞɟɗɧŰɖŰŬ  ɇŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ůɡɚɚɏɢɗɖəŬɜ 

ŮˊɘɓŮɓŬɘɩɜɞɡɜ ɧŰɘ əŬɘ ɞɘ ŭɨɞ ˊŬɟŬɚɚŬɔɏɠ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ əŬŰɎɚɚɖɚŮɠ ɔɘŬ Űɞ ůəɞˊɧ ˊɞɡ 

ˊɟɞɞɟɑɕɞɜŰŬɘ.  

ȼ ɛɏɗɞŭɞɠ ILIADe 606 ɡɘɞɗŮŰɐɗɖəŮ Ŭˊɧ Űɖɜ ɞɚɞɛɏɚŮɘŬ Űɞɡ ȺɡɟɤˊŬɥəɞɨ ȹɘəŰɨɞɡ 

ɇŮɚɤɜŮɘŬəɩɜ ȺɟɔŬůŰɖɟɑɤɜ (CLEN)  Űɞ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2024 əŬɘ ŭɖɛɞůɘŮɨŰɖəŮ ɤɠ Ůˊɑůɖɛɖ 

ɛɏɗɞŭɞɠ Űɞɡ CLEN  ůŰɘɠ 12-3-2024.  
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ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ŭɘŮɟɔŬůŰɖɟɘŬəɐɠ ŭɞəɘɛɐɠ SCHEMA 210 01 ɐŰŬɜ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŮˊɘŭɧůŮɤɜ 

Űɤɜ ŮɟɔŬůŰɖɟɑɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ůŮ ˊɧůɘɛɞ ɜŮɟɧ. ȼ ůɨɔəɟɘůɖ ůɢŮŭɘɎůŰɖəŮ 

Ŭˊɧ Űɖ ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ɀŮŰɟɞɚɞɔɑŬɠ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖɜ ȺɈȹȷɄ. Ƀɘ ůɡɛɛŮŰɏɢɞɜŰŮɠ 

əɚɐɗɖəŬɜ ɜŬ ɚɎɓɞɡɜ ŭŮɑɔɛŬŰŬ Ŭˊɧ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɛŮ ůəɞˊɧ Űɖɜ 

ŬˊɞŰɑɛɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ɜŮɟɞɨ ɧˊɤɠ ɛŮŰŬűɏɟŮŰŬɘ ůŰɞ ůɖɛŮɑɞ. Ⱥˊɑůɖɠ, ŮɑɢŬɜ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ 

Ŭɝɘɞɚɞɔɐůɞɡɜ Űɖɜ ŰŮɢɜɘəɐ Űɞɡɠ ŮˊɎɟəŮɘŬ ůŰɖɜ ŮˊɘŰɧˊɘŬ ɛɏŰɟɖůɖ ɡˊɞɚŮɘɛɛŬŰɘəɞɨ ɢɚɤɟɑɞɡ. Ƀɘ 

ŮˊɘŭɧůŮɘɠ Űɞɡɠ ŬɝɘɞɚɞɔɐɗɖəŬɜ ůŰɖ ɓɎůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ˊɞɡ ůɡɜɏɚŮɝŬɜ ɛŮ ůəɞˊɧ Űɖ ɛŮŰɏˊŮɘŰŬ 

ɛɏŰɟɖůɖ űɡůɘəɞɢɖɛɘəɩɜ əŬɘ ɛɘəɟɞɓɘɞɚɞɔɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ŬɡŰɏɠ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ 

ůŮ ůɡɜɗɐəŮɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ Ŭˊɧ ŭɨɞ ŮɟɔŬůŰɐɟɘŬ ŬɜŬűɞɟɎɠ əŬɘ ůŰɖ ɓɎůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

Űɞɡɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ůɡɛɛŮŰŮɢɧɜŰɤɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ůɨɔəɟɘůɖɠ ɐŰŬɜ 

ɗŮŰɘəɎ əŬɘ ŮˊɘɓŮɓŬɑɤůŬɜ Űɖɜ ŰŮɢɜɘəɐ ŮˊɎɟəŮɘŬ Űɤɜ ŮɟɔŬůŰɖɟɑɤɜ ˊɞɡ ůɡɛɛŮŰŮɑɢŬɜ ůŰɖ ůɨɔəɟɘůɖ.  
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ɁɘəɧɚŬɞɠ ȾŬŰůɘəɎŰůɞɠ1, ȷɘəŬŰŮɟɑɜɖ ɆŬəŮɚɚɎɟɖ1, ŪŮɞŭɩɟŬ ɄŬɟŬɛɎɜŬ1,2,  

ũŮɩɟɔɘɞɠ ȾŬŰůɞɨɟŬɠ2, ȾɤɜůŰŬɜŰɑɜɞɠ ȾɞɡəɞɡɚɎəɖɠ1, ɆŮɓŬůŰɐ ɄŬɜŬɔɘɩŰŬ ȾɤŰůɎəɖ1,  
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ɇŬ ɛɖ ŮˊŬɜŭɟɤɛɏɜŬ ŬɡŰɧɜɞɛŬ ůəɎűɖ ŮˊɘűŬɜŮɑŬɠ (Unmanned Surface Vehicles, USVs) 

əɘɜɞɨɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɡŭɎŰɘɜɤɜ ůɡůŰɖɛɎŰɤɜ ɢɤɟɑɠ ˊɚɐɟɤɛŬ, ˊɚɞɖɔɞɨɛŮɜŬ Ůɝ ŬˊɞůŰɎůŮɤɠ 

ɛɏůɤ ŰɖɚŮɢŮɘɟɘůŰɖɟɑɞɡ ɐ űɞɟɖŰɞɨ ɡˊɞɚɞɔɘůŰɐ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŰɖ ɛŮɚɏŰɖ ɡŭɎŰɘɜɤɜ 

ůɡůŰɖɛɎŰɤɜ, ůɡɔəŮɜŰɟɩɜɞɜŰŬɠ ˊɞɚɚɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ, ŬˊɞŰŮɚɩɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ˊɞɚɨŰɘɛŬ 

ŮɟɔŬɚŮɑŬ ůŰɖɜ ɡɚɞˊɞɑɖůɖ ˊɟɞɔɟŬɛɛɎŰɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ, ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɘɠ 

ŭɘŬŭɘəŬůɑŮɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, ˊŬɟɏɢɞɜŰŬɠ ˊɚɖɟɏůŰŮɟɖ ɢɤɟɞɢɟɞɜɘəɐ əɎɚɡɣɖ əŬɘ ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖ 

ůŰɞɢŮɡɛɏɜɖ ɛŮɚɏŰɖ ůɡɔəŮəɟɘɛɏɜɤɜ ˊŮɟɘɞɢɩɜ ɐ Ŭəɧɛɖ əŬɘ ůɖɛŮɑɤɜ. ȼ ůɡɛɓɞɚɐ Űɞɡɠ ůŮ ɛɘŬ 

ŰŬɢɨŰŮɟɖ, ŮɡəɞɚɧŰŮɟɖ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ŭɘŬŭɘəŬůɑŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŬɝɘɞˊɞɘŮɑŰŬɘ ůŰɖ 

ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɞɡ ɗŬɚɎůůɘɞɡ ŮˊɘűŬɜŮɘŬəɞɨ ɛɘəɟɞűɑɚɛ (Surface 

Microlayer, SML). ɄɟɧəŮɘŰŬɘ ɔɘŬ Űɖ ɚŮˊŰɐ ŭɘŮˊɘűɎɜŮɘŬ (1-1000 ɛm) ˊɞɡ ŬˊɞŰŮɚŮɑ Űɞ űɡůɘəɧ ɧɟɘɞ 

ɛŮŰŬɝɨ ŬŰɛɧůűŬɘɟŬɠ əŬɘ ɗɎɚŬůůŬɠ, ɖ ɞˊɞɑŬ ŭɘŬűɏɟŮɘ Ŭˊɧ ŰŬ ɡˊɞŮˊɘűŬɜŮɘŬəɎ ůŰɟɩɛŬŰŬ ɜŮɟɞɨ 

ɚɧɔɤ Űɤɜ ɛɞɜŬŭɘəɩɜ ɓɘɞɚɞɔɘəɩɜ, ɢɖɛɘəɩɜ əŬɘ űɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ. ɇɞ SML ˊŬɟɞɡůɘɎɕŮɘ ŰɎůɖ 

ŮɛˊɚɞɡŰɘůɛɞɨ ůŮ ɢɖɛɘəɞɨɠ ɟɨˊɞɡɠ, ɧˊɤɠ ɛɏŰŬɚɚŬ əŬɘ ˊɞɚɡəɡəɚɘəɞɨɠ ŬɟɤɛŬŰɘəɞɨɠ 

ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ, ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ɡˊɞŮˊɘűŬɜŮɘŬəɎ ůŰɟɩɛŬŰŬ ɜŮɟɞɨ. ɄŬɟɎ Űɖ ɛŮɔɎɚɖ Űɞɡ 

ůɖɛŬůɑŬ, Űɞ SML ˊŬɟŬɛɏɜŮɘ ɏɜŬ ɔŮɜɘəɎ ɡˊɞɛŮɚŮŰɖɛɏɜɞ ɡŭɎŰɘɜɞ ůɨůŰɖɛŬ, ɚɧɔɤ Űɤɜ ŭɡůəɞɚɘɩɜ 

ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɞɡ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ Ůˊɑˊɞɜɖ əŬɘ ɢɟɞɜɞɓɧɟŬ. 

Ⱥˊɘˊɚɏɞɜ, ɖ ŮɝŬɔɤɔɐ ŬůűŬɚɩɜ ůɡɛˊŮɟŬůɛɎŰɤɜ əŬɘ ɖ ɚɐɣɖ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ 

ɛɏŰɟɤɜ, ůŮ ůɡɛűɤɜɑŬ ɛŮ ŰŬ ŭɘŮɗɜɐ ˊɟɧŰɡˊŬ, ˊɟɞɦˊɞɗɏŰɞɡɜ ŮɜŭŮɚŮɢŮɑɠ əŬɘ ŬɝɘɧˊɘůŰŮɠ ŮɟŮɡɜɖŰɘəɏɠ 

ŭɘŬŭɘəŬůɑŮɠ. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, ůɢŮŭɘɎůŰɖəŮ əŬɘ əŬŰŬůəŮɡɎůŰɖəŮ ɏɜŬ ɜɏɞ ŬɡŰɧɜɞɛɞ ɛɖ 

ŮˊŬɜŭɟɤɛɏɜɞ ůəɎűɞɠ ŮˊɘűŬɜŮɑŬɠ, Űɞ ɞˊɞɑɞ ɗŬ ůɡɛɓɎɚŮɘ ůŰɖ ŭɘŮɝɞŭɘəɐ ɛŮɚɏŰɖ Űɞɡ SML, ɗŬ 

ŭɘŮɡəɞɚɨɜŮɘ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ɚɐɣɖɠ ŭŮɘɔɛɎŰɤɜ Ŭˊɧ ɡŭɎŰɘɜŬ ůɡůŰɐɛŬŰŬ, Ŭəɧɛɖ əŬɘ ɘŭɘŬɑŰŮɟɤɜ 

ŬˊŬɘŰɐůŮɤɜ əŬɘ ɗŬ ŮɜɘůɢɨůŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ ůŰɟŬŰɖɔɘəɩɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ əŬɘ 

ŭɟɎůɖɠ.   

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɗŬɚɎůůɘɞ ŮˊɘűŬɜŮɘŬəɧ ɛɘəɟɞűɑɚɛ, ɛɖ ŮˊŬɜŭɟɤɛɏɜɞ ůəɎűɞɠ ŮˊɘűŬɜŮɑŬɠ  

 

 ȼ ȹɟɎůɖ ɡɚɞˊɞɘŮɑŰŬɘ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ Ⱥɗɜɘəɞɨ 

ɆɢŮŭɑɞɡ ȷɜɎəŬɛɣɖɠ əŬɘ ȷɜɗŮəŰɘəɧŰɖŰŬɠ 

çȺɚɚɎŭŬ 2.0è ɛŮ Űɖ ɢɟɖɛŬŰɞŭɧŰɖůɖ Űɖɠ 

ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ ï NextGenerationEU. 

ūɞɟɏŬɠ ɡɚɞˊɞɑɖůɖɠ: ȺȿȽȹȺȾ)  

  

   

 

ȷɁȷɄɇɈɂȼ ɁȺɃɈ ɀȼ ȺɄȷɁȹɅɋɀȺɁɃɈ ȷɈɇɃɁɃɀɃɈ ɆȾȷūɃɈɆ 

ȺɄȽūȷɁȺȽȷɆ ȺɂɃɄȿȽɆɀȺɁɃɈ ɀȺ ȹȺȽũɀȷɇɃȿȼɄɇȼ ȺɄȽūȷɁȺȽȷȾɃɈ 

ɀȽȾɅɃūȽȿɀ ũȽȷ ɄȷɅȷȾɃȿɃɈŪȼɆȼ ɄȷɅȷɀȺɇɅɋɁ ɄɃȽɃɇȼɇȷɆ ɈȹȷɇɋɁ 

mailto:skarav@chem.uoa.gr
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ȸŬůɑɚŮɘɞɠ ȷɚŬɛˊɎɜɞɠ1,2,  ȾɡɟɘŬəɐ ȷɜŬɔɜɤůŰɞˊɞɨɚɞɡ1,2 , Ȼɤɐ ɇŮɟɕɞˊɞɨɚɞɡ3,  

ȹɖɛɐŰɟɘɞɠ ɀˊɘəɘɎɟɖɠ3, ȹɐɛɖŰɟŬ ȿŬɛˊɟɞˊɞɨɚɞɡ1,2   
1ȺɟɔŬůŰɐɟɘɞ Ⱥɚɏɔɢɞɡ ɅɨˊŬɜůɖɠ ɄŮɟɘɓɎɚɚɞɜŰɞɠ, ɇɛɐɛŬ ɉɖɛŮɑŬɠ ȷɄŪ, ŪŮůůŬɚɞɜɑəɖ, 541 24  

2ȾɏɜŰɟɞ ȹɘŮˊɘůŰɖɛɞɜɘəɐɠ ȰɟŮɡɜŬɠ əŬɘ ȾŬɘɜɞŰɞɛɑŬɠ (ȾȺȹȺȾ ȷɄŪ), Ūɏɟɛɖ, 57001  
3ȺɟɔŬůŰɐɟɘɞ ɉɖɛŮɑŬɠ əŬɘ ɇŮɢɜɞɚɞɔɑŬɠ ɄɞɚɡɛŮɟɩɜ əŬɘ ɉɟɤɛɎŰɤɜ, ɇɛɐɛŬ ɉɖɛŮɑŬɠ ȷɄŪ, ŪŮůůŬɚɞɜɑəɖ, 

541 24  

e-mail: vdalampa@chem.auth.gr  

 

Ƀɘ ɡˊŮɟ- əŬɘ ˊɞɚɡűɗɞɟɘɤɛɏɜŮɠ ŮɜɩůŮɘɠ (PFAS) ŬˊɞŰŮɚɞɨɜ ɛɘŬ əŬŰɖɔɞɟɑŬ ŬɜŬŭɡɧɛŮɤɜ əŬɘ 

ɏɛɛɞɜɤɜ ɞɟɔŬɜɘəɩɜ ɟɨˊɤɜ ɛŮ ŮɡɟŮɑŬ ˊŬɟɞɡůɑŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ůɖɛŬɜŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ 

Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ əŬɘ ŰŬ ɞɘəɞůɡůŰɐɛŬŰŬ. ɆŮ ŬɡŰɐ Űɖ ɛŮɚɏŰɖ, ŬɜŬˊŰɨɢɗɖəŮ əŬɘ ŮˊɘəɡɟɩɗɖəŮ ɛɑŬ ɜɏŬ 

ŬɜŬɚɡŰɘəɐ ɛɏɗɞŭɞɠ ɔɘŬ Űɖɜ ŰŬɢŮɑŬ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ Ůəɢɨɚɘůɖ PFAS Ŭˊɧ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ 

ɡŭŬŰɘəɎ ŭŮɑɔɛŬŰŬ ŰŮůůɎɟɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɡˊɞůŰɟɤɛɎŰɤɜ, əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɜŮɟɞɨ ˊɞŰŬɛɩɜ, 

ɗŬɚŬůůɘɜɞɨ ɜŮɟɞɨ, ŬůŰɘəɐɠ Ŭˊɞɟɟɞɐɠ əŬɘ ŮˊŮɝŮɟɔŬůɛɏɜɤɜ ɚɡɛɎŰɤɜ. ȼ ɛɏɗɞŭɞɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ 

ŮűŬɟɛɞɔɐ ɛɘəɟɞŮəɢɨɚɘůɖɠ ůŰŮɟŮɎɠ űɎůɖɠ (ɛ-SPE) ɛŮ ɢɟɐůɖ Ůɜɧɠ ɜɏɞɡ ůɨɜɗŮŰɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ 

ɡɚɘəɞɨ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ Űɟɞˊɞˊɞɘɖɛɏɜɞ ɞɟɔŬɜɞɛŮŰŰŬɚɘəɧ ɡɚɘəɧ ůɡɜŬɟɛɞɔɐɠ Űɞɡ ůɘŭɐɟɞɡ 

(MOF) ɛŮ ˊɞɟɩŭɖɠ ŭɞɛɐ, Ŭɡɝɖɛɏɜɖ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ ŮˊŬűɐɠ əŬɘ ɢɖɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ. ȼ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ůɡɜɗɖəɩɜ Űɖɠ ɛ-SPE, ɧˊɤɠ  ɖ ˊɞůɧŰɖŰŬ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ, ɖ ˊɞůɧŰɖŰŬ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ, Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɛɘəɟɞůŰɐɚɖɠ SPE, ɞ ŭɘŬɚɨŰɖɠ ɏəɚɞɡůɖɠ  ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ ůŰɧɢɞ Űɖ 

ɛɏɔɘůŰɖ ŭɡɜŬŰɐ ŬɜɎəŰɖůɖ ɛɏůɤ Ůɜɧɠ əŮɜŰɟɘəɞɨ ůɨɜɗŮŰɞɡ ůɢŮŭɘŬůɛɞɨ (Central Composite Design). 

ȼ əŬŰŬɚɚɖɚɧɚɖŰŬ Űɞɡ ˊɟɞŰŮɘɜɧɛŮɜɞɡ ɛɞɜŰɏɚɞɡ ŮˊɘɓŮɓŬɘɩɗɖəŮ ɛɏůɤ Űɖɠ ŬɜɎɚɡůɖɠ ANOVA (p < 

0.05). ȼ ŬɜɎɚɡůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ ɡɔɟɐ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ůɡɕŮɡɔɛɏɜɖ ɛŮ űŬůɛŬŰɞɛŮŰɟɑŬ 

ɛɎɕŬɠ ɡɣɖɚɐɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ (LC-HRMS). ȼ ɛɏɗɞŭɞɠ ŮˊɘəɡɟɩɗɖəŮ ɤɠ ˊɟɞɠ Űɖɜ ŬəɟɑɓŮɘŬ, 

Űɖ ɔɟŬɛɛɘəɧŰɖŰŬ, ŰŬ ɧɟɘŬ ŬɜɑɢɜŮɡůɖɠ əŬɘ ˊɞůɞŰɘəɞˊɞɑɖůɖɠ, Űɖɜ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ əŬɘ Űɖɜ 

ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ. ɇŬ ˊɞůɞůŰɎ ŬɜɎəŰɖůɖɠ ɝŮˊɏɟŬůŬɜ Űɞ 70%, Ůɜɩ ɞɘ Űɘɛɏɠ ůɢŮŰɘəɐɠ Űɡˊɘəɐɠ 

Ŭˊɧəɚɘůɖɠ ɐŰŬɜ ɛɘəɟɧŰŮɟŮɠ Űɞɡ 15%. ɇɏɚɞɠ, ɖ ɛɏɗɞŭɞɠ ŬɝɘɞɚɞɔɐɗɖəŮ ɤɠ çˊɟɎůɘɜɖè 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɚɞɔɘůɛɘəɧ ComplexɀɞGAPI.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɈˊŮɟ- əŬɘ ɄɞɚɡűɗɞɟɘɤɛɏɜŮɠ ȺɜɩůŮɘɠ, LC-HRMS, ȷɜɎˊŰɡɝɖ ɀŮɗɧŭɞɡ, ɛ-SPE, 

ȾŮɜŰɟɘəɧɠ ɆɨɜɗŮŰɞɠ ɆɢŮŭɘŬůɛɧɠ  

ȼ ŮɟŮɡɜɖŰɘəɐ ŮɟɔŬůɑŬ ɡˊɞůŰɖɟɑɢɗɖəŮ Ŭˊɧ Űɞ Ⱥɚɚɖɜɘəɧ ȲŭɟɡɛŬ ȰɟŮɡɜŬɠ əŬɘ ȾŬɘɜɞŰɞɛɑŬɠ (ȺȿȽȹȺȾ) 

ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ç2ɖɠ Ʉɟɞəɐɟɡɝɖɠ ȺɟŮɡɜɖŰɘəɩɜ Ȱɟɔɤɜ ȺȿȽȹȺȾ ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɤɜ ɛŮɚɩɜ ȹȺɄ 

əŬɘ ȺɟŮɡɜɖŰɩɜ/Űɟɘɩɜè (ȷɟɘɗɛɧɠ Ȱɟɔɞɡ: 3616). 

 

ȷɁȷɄɇɈɂȼ ȾȷȽ ȺɄȽȾɈɅɋɆȼ ɀȺŪɃȹɃɈ ɄɅɃɆȹȽɃɅȽɆɀɃɈ ɈɄȺɅ- ȾȷȽ 

ɄɃȿɈūŪɃɅȽɋɀȺɁɋɁ ȺɁɋɆȺɋɁ (PFAS) ɆȺ ɈȹȷɇȽȾȷ ȹȺȽũɀȷɇȷ ɀȺ ɈũɅȼ 

ɉɅɋɀȷɇɃũɅȷūȽȷ ɆɈȻȺɈũɀȺɁȼ ɀȺ ūȷɆɀȷɇɃɀȺɇɅȽȷ ɀȷȻȷɆ ɈɊȼȿȼɆ 

ȹȽȷȾɅȽɇȽȾȼɆ ȽȾȷɁɃɇȼɇȷɆ ɀȺɇȷ ȷɄɃ ɀȽȾɅɃȺȾɉɈȿȽɆȼ ɆɇȺɅȺȷɆ ūȷɆȼɆ 

(ɛ-SPE) 
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ID: 040 

 

ũɘɩɟɔɞɠ ɄŬɜŰŬɕɐɠ, ȾɤɜůŰŬɜŰɑɜɞɠ ɁɘəɞɚɑŰůŬɠ 

Ɇɢɞɚɐ ȷɔɟɞɜɧɛɤɜ & ɇɞˊɞɔɟɎűɤɜ ɀɖɢŬɜɘəɩɜ ï ɀɖɢŬɜɘəɩɜ ũŮɤˊɚɖɟɞűɞɟɘəɐɠ 

Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ 

ȼɟɩɤɜ ɄɞɚɡŰŮɢɜŮɑɞɡ 9 ï 15780, ȻɤɔɟɎűɞɡ 

e-mail: gpanta@central.ntua.gr 

  

Ƀ ɣɖűɘŬəɧɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ (digital transformation) Ůɜɧɠ Ŭˊɧ Űɞɡɠ ŰɟŮɘɠ ɓŬůɘəɞɨɠ ˊɡɚɩɜŮɠ 

Űɖɠ ɡˊɞŭɞɛɐɠ ˊɞɘɧŰɖŰŬɠ (quality infrastructure), ˊɞɡ ŮɑɜŬɘ ɖ ɛŮŰɟɞɚɞɔɑŬ, ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ 

ŮɜůɤɛɎŰɤůɖ ɣɖűɘŬəɩɜ ŰŮɢɜɞɚɞɔɘɩɜ əŬɘ ůɡůŰɖɛɎŰɤɜ ůŰɘɠ ŭɘŬŭɘəŬůɑŮɠ ɛɏŰɟɖůɖɠ, ŬɜɎɚɡůɖɠ əŬɘ 

ŭɘŬɢŮɑɟɘůɖɠ, ɛŮ ůəɞˊɧ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ, Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ əŬɘ Űɖɠ ůɡɜɞɚɘəɐɠ 

Ŭˊɧŭɞůɖɠ.  

ȼ ɛŮŰɎɓŬůɖ ŬɡŰɐ ŬɚɚɎɕŮɘ ɟɘɕɘəɎ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ŮəŰŮɚɞɨɜŰŬɘ ɞɘ ɛŮŰɟɐůŮɘɠ əŬɘ ˊɩɠ 

ŭɘŬɢŮɘɟɑɕɞɜŰŬɘ ŰŬ ůɢŮŰɘəɎ ŭŮŭɞɛɏɜŬ, ˊɟɞůűɏɟɞɜŰŬɠ ɜɏŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ůŰɞɡɠ əɚɎŭɞɡɠ Űɖɠ 

ŮˊɘůŰɖɛɞɜɘəɐɠ, ɓɘɞɛɖɢŬɜɘəɐɠ əŬɘ Űɖɠ ɜɞɛɘəɐɠ ɛŮŰɟɞɚɞɔɑŬɠ.  

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬŭɟɞɛŮɟɩɠ ŰŬ ůɨɔɢɟɞɜŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ůɡɜŰŮɚɞɨɜ ůŰɞɜ 

ɣɖűɘŬəɧ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɖɠ ɛŮŰɟɞɚɞɔɑŬɠ, Ůɜɩ ŬɜŬɚɨŮŰŬɘ ɖ ůɡɛɓɞɚɐ Ůɜɧɠ Ŭˊɧ ŰŬ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŬ 

ůɐɛŮɟŬ (2025) ŮɟɔŬɚŮɑŬ, ŭɖɚŬŭɐ Űɖɠ ŰŮɢɜɖŰɐɠ ɜɞɖɛɞůɨɜɖɠ (artificial intelligent). ɄŬɟɎɚɚɖɚŬ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ əɡɟɘɧŰŮɟŬ ˊŬɟŬŭŮɑɔɛŬŰŬ əŬɘɜɞŰɧɛɤɜ ŮűŬɟɛɞɔɩɜ ˊɞɡ ˊɟɞɎɔɞɡɜ Űɞɜ ɣɖűɘŬəɧ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɤɜ ŭɘŬűɧɟɤɜ əɚɎŭɤɜ Űɖɠ ɛŮŰɟɞɚɞɔɑŬɠ ůŮ ŭɘŮɗɜɏɠ ɧůɞ əŬɘ Ůɔɢɩɟɘɞ ŮˊɑˊŮŭɞ.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɇŮɢɜɖŰɐ ɜɞɖɛɞůɨɜɖ, ɛŮŰɟɞɚɞɔɑŬ, ɣɖűɘŬəɧɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ  

 

 

 

ȼ ɇȺɉɁȼɇȼ ɁɃȼɀɃɆɈɁȼ ɋɆ ȺɅũȷȿȺȽɃ ɇɃɈ ɊȼūȽȷȾɃɈ 

ɀȺɇȷɆɉȼɀȷɇȽɆɀɃɈ Ɇɇȼ ɀȺɇɅɃȿɃũȽȷ. 

ɇɅȺɉɃɈɆȷ ȾȷɇȷɆɇȷɆȼ ȾȷȽ ɄɅɃɃɄɇȽȾȺɆ 
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Ƚ. ɆɘŰŬɟɎɠ 

ȹɘŮɨɗɡɜůɖ ȹɘŬˊɑůŰŮɡůɖɠ ȺɟɔŬůŰɖɟɑɤɜ, Ⱥɗɜɘəɧ ɆɨůŰɖɛŬ ȹɘŬˊɑůŰŮɡůɖ, Ūɖůɏɤɠ 7, ȾŬɚɚɘɗŮŬ   

email: sitaras@esyd.gr  

  

ɇɞ Ⱥɗɜɘəɧ ɆɨůŰɖɛŬ ȹɘŬˊɑůŰŮɡůɖɠ, ˊɟɞůűɏɟŮɘ ɡˊɖɟŮůɑŮɠ ŭɘŬˊɑůŰŮɡůɖɠ ůŰɞ ŮɟɔŬůŰɖɟɘŬəɧ 

ŰɞɛɏŬ  Ŭˊɧ Űɞ 2000 ůŮ ŮɟɔŬůŰɐɟɘŬ ŭɞəɘɛɩɜ əŬɘ ŭɘŬəɟɘɓɩůŮɤɜ, Ŭˊɧ Űɞ 2003 ůŰŬ ɘŬŰɟɘəɎ 

ŮɟɔŬůŰɐɟɘŬ əŬɘ Ŭˊɧ Űɞ 2006 ůŰɞɡɠ ŭɘɞɟɔŬɜɤŰɏɠ ŭɘŮɟɔŬůŰɖɟɘŬəɩɜ ůɡɔəɟɘŰɘəɩɜ ŭɞəɘɛɩɜ 

ɘəŬɜɧŰɖŰŬɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɛŮŰɎ Ŭˊɧ ŭɘŬɝɘɞɚɞɔɐůŮɘɠ Űɖɜ ŬɜŬɔɜɩɟɘůɖ Űɖɠ ȺɡɟɤˊŬɥəɐɠ ȹɘŬˊɑůŰŮɡůɖɠ 

ɔɘŬ Űɖ ůɡɛɛŮŰɞɢɐ ůŰɘɠ ůɡɛűɤɜɑŮɠ Ⱥȷ-MLA ŬɜŰɑůŰɞɘɢŬ, Űɞ 2003 Űɞ 2006 əŬɘ Űɞ 2017. ɄŬɟɎɚɚɖɚŬ, 

ůŰɞ ˊɚŬɑůɘɞ ŬɜŬɓɎɗɛɘůɖɠ Űɤɜ ɡˊɖɟŮůɘɩɜ əŬɘ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ ˊɞɡ ŭɑɜŮɘ ůŰɖɜ Ⱥɗɜɘəɐ 

ŮɟɔŬůŰɖɟɘŬəɐ ɡˊɞŭɞɛɐ- ŬɚɚɎ əŬɘ ůŮ ŬɡŰɏɠ ŰɟɑŰɤɜ ɢɤɟɩɜ, ɧˊɤɠ ɖ ȷɚɓŬɜɑŬ, ɞ ȿɑɓŬɜɞɠ əŬɘ ɖ 

ȷɟɛŮɜɑŬ-ˊɟɞůűɏɟŮɘ Ŭˊɧ Űɞ 2009 ŭɘŬˊɑůŰŮɡůɖ ůŮ ŮɟɔŬůŰɐɟɘŬ ˊɞɚɚŬˊɚɩɜ ŰɞˊɞɗŮůɘɩɜ, Ŭˊɧ Űɞ 2010 

ŭɘŬˊɑůŰŮɡůɖ ůŮ ŮɡɏɚɘəŰɞ ˊŮŭɑɞ ŭɘŬˊɑůŰŮɡůɖɠ ,Ŭˊɧ Űɞ 2007 ŭɘŬˊɑůŰŮɡůɖ ůŮ ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ əŬɘ Ŭˊɧ 

Űɞ 2015 ŭɘŬˊɑůŰŮɡůɖ ůŮ ɔɜɩɛŮɠ əŬɘ ŮɟɛɖɜŮɑŮɠ.  ȷɜŰŬˊɞəɟɘɜɧɛŮɜɞ ůŮ ŬɘŰɐůŮɘɠ əŬɘ ŬɜɎɔəŮɠ Űɤɜ 

ŮɟɔŬůŰɖɟɑɤɜ ˊɟɞɏɓɖ ɔɟɐɔɞɟŬ əŬɘ ůŰɖɜ ɏɜŰŬɝɖ ůŰɘɠ ɡˊɖɟŮůɑŮɠ Űɞɡ Űɖɠ ŬˊŬɟŬɑŰɖŰɖɠ ŰŮɢɜɘəɐɠ 

ŮˊɎɟəŮɘŬɠ ɔɘŬ Űɖ ŭɘŬˊɑůŰŮɡůɖ ŮɟɔŬůŰɖɟɑɤɜ ɘŬŰɟɘəɐɠ ŬˊŮɘəɧɜɘůɖɠ, ŭɞəɘɛɩɜ ɡˊɞɚŮɘɛɛɎŰɤɜ ůŮ 

ŰɟɧűɘɛŬ, ɛɞɟɘŬəɩɜ ŭɞəɘɛɩɜ ůŰɞɜ ɘŬŰɟɘəɧ, ŰɞɛɏŬ əŬɘ ŬɡŰɧ Űɤɜ Űɟɞűɑɛɤɜ,  ŭɘŬəɟɑɓɤůɖɠ ɡɚɘəɩɜ 

ŬɜŬűɞɟɎɠ , ŭɘŬəɟɑɓɤůɖɠ ŭŮɝŬɛŮɜɩɜ, ŮɔəɚɖɛŬŰɞɚɞɔɘəɩɜ ŭɞəɘɛɩɜ, ɞɟɔŬɜɞɚɖˊŰɘəɩɜ ŭɞəɘɛɩɜ, ɛɖ 

əŬŰŬůŰɟɞűɘəɩɜ ŭɞəɘɛɩɜ, ə.Ŭ. ˊŬɟɞɡůɘɎɕɞɜŰŬɠ Űɖɜ ɑŭɘŬ ůŰɘɔɛɐ əŬɘ ŮɝŮɘŭɘəŮɡɛɏɜŮɠ əŬŰŮɡɗɡɜŰɐɟɘŮɠ 

ɞŭɖɔɑŮɠ ˊɞɡ ŮɝŮɘŭɑəŮɡŬɜ ŰŬ əɟɘŰɐɟɘŬ ŭɘŬˊɑůŰŮɡůɖɠ.  

ɀŮ Űɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮˊɘŰŬɢɨɜɞɜŰŬɠ Űɖɜ ŭɘŬŭɘəŬůɑŬ ˊɟɞůŬɟɛɞɔɐɠ ůŰɘɠ ŭɘŬɟəɩɠ 

ŬɡɝŬɜɧɛŮɜŮɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɖ ŭɘŬˊɑůŰŮɡůɖ ˊɞɡ ŰɑɗŮɜŰŬɘ ɞɟɘɕɧɜŰɘŬ əŬɘ ˊŬɔəɧůɛɘŬ Ŭˊɧ Űɞɜ ILAC, 

Űɖ ŭɘŮɗɜɐ ůɡɜŮɟɔŬůɑŬ ɔɘŬ Űɖ ŭɘŬˊɑůŰŮɡůɖ ŮɟɔŬůŰɖɟɑɤɜ ŬɚɚɎ əŬɘ ůŰɘɠ ŬɜɎɔəŮɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ 

ŰŬ ŮɟɔŬůŰɐɟɘŬ ɖ ȹɜůɖ ȹɘŬˊɑůŰŮɡůɖɠ ȺɟɔŬůŰɖɟɑɤɜ Űɞɡ ȺɆɈȹ ˊŬɟɞɡůɘɎɕŮɘ:  

¶ Űɘɠ ɜɏŮɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɖɜ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ ɧŰŬɜ ŬɡŰɐ ŭɘŬůűŬɚɑɕŮŰŬɘ Ŭˊɧ ŰŬ ɡɚɘəɎ ŬɜŬűɞɟɎɠ  

¶ Űɞ ɜɏɞ (Ŭˊɧ Űɞ Ɂɞɏɛɓɟɘɞ Űɞɡ 2024) ůɢɐɛŬ ŭɘŬˊɑůŰŮɡůɖɠ ˊŬɟŬɔɤɔɩɜ ɡɚɘəɩɜ ŬɜŬűɞɟɎɠ əŬŰɎ 

ISO 17034, ɔɘŬ Űɞ ɞˊɞɑɞ Űɞ ȺɆɈȹ ɐŭɖ ŬɝɘɞɚɞɔŮɑ ŬɘŰɞɨɜŰŮɠ Ŭˊɧ ȺɚɚɎŭŬ əŬɘ ȷɟɛŮɜɑŬ   

¶ Űɞ ɏŰɞɘɛɞ ˊɟɞɠ Ůəəɑɜɖůɖ ůɢɐɛŬ ŭɘŬˊɑůŰŮɡůɖɠ ɔɘŬ Űɘɠ ɓɘɞŰɟɎˊŮɕŮɠ əŬŰɎ ISO 20387 ɛŮ ůəɞˊɧ 

Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ ɘŬŰɟɘəɐɠ əŬɘ ɔŮɤˊɞɜɘəɐɠ ɏɟŮɡɜŬɠ əŬɘ ɛɘŬ əŬŰŮɡɗɡɜŰɐɟɘŬ ɞŭɖɔɑŬ ˊɞɡ 

əŬɚɨˊŰŮɘ əŮɜɎ ŰŬ ɞˊɞɑŬ ŭŮɜ ɏɢɞɡɜ ɛɏɢɟɘ ůŰɘɔɛɐɠ əŬɚɡűɗŮɑ ůŮ ŮɡɟɤˊŬɥəɧ ŮˊɑˊŮŭɞ 

(Ůˊɘəɨɟɤůɖ/ŮˊŬɚɐɗŮɡůɖ ɓɘɞŬˊɞɗɐəŮɡůɖɠ)  

¶ Űɘɠ ˊɟɞŮŰɞɘɛŬůɑŮɠ ɔɘŬ Űɖɜ ŮˊɏəŰŬůɖ ŰŮɢɜɘəɐɠ ŮˊɎɟəŮɘŬɠ ůŰɖ ɓɘɞˊɚɖɟɞűɞɟɘəɐ ŬɚɚɎ əŬɘ 

ɔŮɜɘəɧŰŮɟŬ ůŰɘɠ ŭɘŬŭɘəŬůɘŮɠ ŭɘŬɢŮɑɟɘůɖɠ ɛŮɔɎɚɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ŮűŬɟɛɞɔɐɠ ȷȽ  

¶ Űɞ ŮɡɏɚɘəŰɞ ˊŮŭɑɞ ŭɘŬˊɑůŰŮɡůɖɠ ůŮ ɜɏɞɡɠ ŰɞɛŮɑɠ (PTs,  ŬɚɚɎ əŬɘ Űɞ ˊɤɠ ɗŬ ŮűŬɟɛɞůɗŮɑ 

ɡˊɞɢɟŮɤŰɘəɎ ůŰɞɜ ɘŬŰɟɘəɧ ŰɞɛɏŬ)  

¶ Űɖɜ ŮűŬɟɛɞɔɐ ɔɜɤůŰɩɜ ŮɟɔŬɚŮɑɤɜ Ŭɝɘɞɚɧɔɖůɖɠ ůŮ ɜɏɞɡɠ ŰɞɛŮɑɠ- ŭɘŬˊɑůŰŮɡůɖ ŮɟɔɞŰŬɝɘŬəɞɨ 

ŮɟɔŬůŰɖɟɑɞɡ, ŭɘŬˊɑůŰŮɡůɖ PTs ůŮ ŭŮɘɔɛŬŰɞɚɖɣɑŬ  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ŭɘŬˊɑůŰŮɡůɖ, ɘɢɜɖɚŬůɘɛɧŰɖŰŬ, ɡɚɘəɎ ŬɜŬűɞɟɎɠ, ɓɘɞŰɟɎˊŮɕŮɠ, ŮɡɏɚɘəŰɞ ˊŮŭɑɞ, ŭɞəɘɛɏɠ 

ɘəŬɜɧŰɖŰŬɠ, ɜɏɞɘ ŰɞɛŮɑɠ 

 

ɁȺȺɆ ȷɄȷȽɇȼɆȺȽɆ ȾȷȽ ɁȺȷ ɄȺȹȽȷ ũȽȷ ɇȼ ȹȽȷɄȽɆɇȺɈɆȼ ȺɅũȷɆɇȼɅȽɋɁ 
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ȷ. ɀˊɞɕɘɎɟɖ, Ⱥ. ȾŬɟŬɛˊɏŰůɞɠ  

ɇɛɐɛŬ ȹɞůɘɛŮŰɟɑŬɠ əŬɘ ȸŬɗɛɞɜɞɛɐůŮɤɜ, ȺȺȷȺ, ɄŬŰɟɘɎɟɢɞɡ ũɟɖɔɞɟɑɞɡ əŬɘ ɁŮŬˊɧɚŮɤɠ, ȷɔɑŬ ɄŬɟŬůəŮɡɐ, 

ȷŰŰɘəɐ, ɇ.Ū. 60092, ɇ.Ⱦ. 15341  

e-mail: panagiotis.askounis@eeae.gr  

  

ɇɞ ȺɟɔŬůŰɐɟɘɞ ȹɞůɘɛŮŰɟɑŬɠ Űɖɠ Ⱥɚɚɖɜɘəɐɠ ȺˊɘŰɟɞˊɐɠ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ (ȺȺȷȺ) ůɡɛɛŮŰɏɢŮɘ 

ŬɜŮɚɚɘˊɩɠ, ůŰɘɠ ŭɘŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ ɘəŬɜɧŰɖŰŬɠ ˊɞɡ ɞɟɔŬɜɩɜɞɜŰŬɘ Ŭˊɧ Űɖɜ ɞɛɎŭŬ ŮɟɔŬůɑŬɠ 

çHarmonisation of Individual Monitoring in Europeè Űɞɡ European Radiation Dosimetry Group 

(EURADOS) Ŭˊɧ Űɞ 2008 ɏɤɠ ůɐɛŮɟŬ ɛŮ ŮˊɘŰɡɢɐ ŬˊɞŰŮɚɏůɛŬŰŬ. Ƀɘ ŭɞəɘɛɏɠ ŬɡŰɏɠ ůŰɞɢŮɨɞɡɜ ůŰɖ 

ŭɘŬůűɎɚɘůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ əŬɘ Űɖɠ ŬɝɘɞˊɘůŰɑŬɠ Űɤɜ ɛŮŰɟɐůŮɤɜ, əŬɗɩɠ əŬɘ ůŰɖ ůɡɛɛɧɟűɤůɖ ɛŮ ŰŬ 

ŭɘŮɗɜɐ ˊɟɧŰɡˊŬ.  

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ  ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖɜ ŬɜɎɚɡůɖ Űɖɠ ŭɘŬůˊɞɟɎɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ŭˊɧ Űɘɠ 

ɛŮŰɟɐůŮɘɠ ŭɞůɘɛɏŰɟɤɜ Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ůɡɛɛŮŰɞɢɩɜ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ůŰɘɠ ŭɘŮɟɔŬůŰɖɟɘŬəɏɠ 

ŭɞəɘɛɏɠ əŬɘ Űɖ ůɡůɢɏŰɘůɐ Űɞɡɠ ɛŮ Űɖɜ ŬɓŮɓŬɘɧŰɖŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɛŮɔŮɗɩɜ Űɖɠ 

ɘůɞŭɨɜŬɛɖɠ ŭɧůɖɠ ɓɎɗɞɡɠ 10 mm əŬɘ 0,07 mm ɛŮ ɢɟɐůɖ ŬŰɞɛɘəɩɜ ŭɞůɘɛɏŰɟɤɜ ůɩɛŬŰɞɠ ɐ Ɏəɟɤɜ, 

ɧˊɤɠ ɏɢŮɘ ŮəŰɘɛɖɗŮɑ ůɨɛűɤɜŬ ɛŮ Űɞɜ GUM- Guide to the expression of uncertainty in measurement 

əŬɘ Űɞ ˊɟɧŰɡˊɞ IEC TR 62461 Radiation protection instrumentation ï Determination of uncertainty 

in measurement.  

ũɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Űɧůɞ ŬɜŬɚɡŰɘəɏɠ 

ɛɏɗɞŭɞɘ ɧůɞ əŬɘ ɛɏɗɞŭɞɘ Monte Carlo. ɋɠ əɨɟɘŮɠ ˊɖɔɏɠ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

ɛŮŰɟɐůŮɤɜ ŬŰɞɛɘəɩɜ ŭɞůɘɛɏŰɟɤɜ ŬɜŬɔɜɤɟɑůŰɖəŬɜ ɖ ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ (ɛŮŰɟɖŰɩɜ əŬɘ 

ŭɞůɘɛɏŰɟɤɜ), Űɞ ůɐɛŬ ɡˊɞůŰɟɩɛŬŰɞɠ Űɤɜ ŭɞůɘɛɏŰɟɤɜ, ɖ ŮɝŬůɗɏɜɘůɖ Űɞɡ ůɐɛŬŰɞɠ, ɖ ŮɜŮɟɔŮɘŬəɐ 

əŬɘ ɖ ɔɤɜɘŬəɐ ŮɝɎɟŰɖůɖ əŬɗɩɠ əŬɘ ɖ ŬəŰɘɜɞɓɞɚɑŬ űɡůɘəɞɨ ɡˊɞůŰɟɩɛŬŰɞɠ əŬɘ ɖ ˊŬɟɞɡůɑŬ 

ŭɘŬűɞɟŮŰɘəɩɜ ˊŮŭɑɤɜ ŬəŰɘɜɞɓɞɚɑŬɠ (ˊ.ɢ. ŬəŰɘɜɞɓɧɚɖůɖ ůŮ ɛɘəŰɎ ˊŮŭɑŬ ɖɚŮəŰɟɞɜɑɤɜ, űɤŰɞɜɑɤɜ).   

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ɖ ŭɘŬůˊɞɟɎ Űɤɜ Űɘɛɩɜ Ŭˊɧ Űɘɠ ŭɘŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ ɐŰŬɜ 

ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ Űɖɠ ŮəŰɘɛɩɛŮɜɖɠ ŭɘŮɡɟɡɛɏɜɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɤɜ ɛŮŰɟɐůŮɤɜ (95% ŮˊɑˊŮŭɞ 

ŮɛˊɘůŰɞůɨɜɖɠ).   

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɖ ŬɜɎɚɡůɖ ŮˊɘɓŮɓŬɘɩɜŮɘ Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ 

əŬɘ Űɖ ůɡɛɛɧɟűɤůɐ Űɞɡɠ ɛŮ ŰŬ ŭɘŮɗɜɐ ˊɟɧŰɡˊŬ, ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ůŰɘɠ ɡˊɖɟŮůɑŮɠ 

ŬŰɞɛɘəɐɠ ŭɞůɘɛɏŰɟɖůɖɠ ŮɑŰŮ ˊɟɧəŮɘŰŬɘ ɔɘŬ ŬŰɞɛɘəɎ ŭɞůɑɛŮŰɟŬ ůɩɛŬŰɞɠ ŮɑŰŮ ɔɘŬ ŭɞůɑɛŮŰɟŬ Ɏəɟɤɜ.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ŬŰɞɛɘəɧ ŭɞůɑɛŮŰɟɞ, ŬɓŮɓŬɘɧŰɖŰŬ, ŭɘŮɟɔŬůŰɖɟɘŬəɏɠ ŭɞəɘɛɏɠ ɘəŬɜɧŰɖŰŬɠ  

  

ȺɄȽȸȺȸȷȽɋɆȼ ɇȼɆ ȺȾɇȽɀɋɀȺɁȼɆ ȷȸȺȸȷȽɃɇȼɇȷɆ ɀȺ ɉɅȼɆȼ ɇɋɁ 

ȷɄɃɇȺȿȺɆɀȷɇɋɁ ȷɄɃ ɇȽɆ ȹȽȺɅũȷɆɇȼɅȽȷȾȺɆ ȹɃȾȽɀȺɆ ȽȾȷɁɃɇȼɇȷɆ 

mailto:panagiotis.askounis@eeae.gr
https://eurados.sckcen.be/en/european-radiation-dosimetry-group
https://eurados.sckcen.be/en/european-radiation-dosimetry-group
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ȷɔɔŮɚɘəɐ ũŬɟɞɡűŬɚɘɎ1, ȿŮɡŰɏɟɖɠ ɀˊŬəɧɔɚɞɡ1, ȿɐŭŬ ɇɕŬɜɜɏŰɞɡ2, Ȼɤɐ ɀˊɞɨŰůɖ3,   

ũŮɩɟɔɘɞɠ ɀˊŬɚɎůɖɠ3, ȷűɟɞŭɑŰɖ ȾŰŮɜɎ1,2, ȺɡɎɔɔŮɚɞɠ ɉɟɘůŰɞűɧɟɞɡ1  
1ȺɟɔŬůŰɐɟɘɞ ȷɘůɗɖŰɐɟɤɜ, Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ   

2ũŮɜɘəɧ ɇɛɐɛŬ, Ⱥɗɜɘəɧ & ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ  
3ȽɜůŰɘŰɞɨŰɞ ȷůŰɟɞɜɞɛɑŬɠ, ȷůŰɟɞűɡůɘəɐɠ, ȹɘŬůŰɖɛɘəɩɜ ȺűŬɟɛɞɔɩɜ & ɇɖɚŮˊɘůəɧˊɖůɖɠ,  

Ⱥɗɜɘəɧ ȷůŰŮɟɞůəɞˊŮɑɞ ȷɗɖɜɩɜ  

e-mail: leda.tzannetou@gmail.com  

  

Ƀɘ ɛŮŰɟɐůŮɘɠ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ Űɖɠ ũɖɠ ˊŬɟɏɢɞɡɜ ˊɞɚɨŰɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ŬˊɞŰŮɚɞɨɜ 

ůɖɛŬɜŰɘəɧ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ ɔŮɤűɡůɘəɩɜ űŬɘɜɞɛɏɜɤɜ ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ ɢɟɞɜɞůŮɘɟɩɜ ɛŮŰɟɐůŮɤɜ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ůɡɔəɟɑůɘɛɤɜ ɛŮ Űɞ ɔŮɤɛŬɔɜɖŰɘəɧ 

ɡˊɧɓŬɗɟɞ. ȼ ɏɜŰŬůɖ Űɞɡ ɔŮɤɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞ ɔŮɤɔɟŬűɘəɧ ˊɚɎŰɞɠ, 

ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ ŭŮəɎŭɤɜ ɛɇ, ɛŮŰŬɓɎɚɚŮŰŬɘ ůŰɞɜ ɢɟɧɜɞ əŬɘ ˊŮɟɘɏɢŮɘ Ŭˊɧ ˊɞɚɨ ɢŬɛɖɚɏɠ ɏɤɠ 

ˊɞɚɨ ɡɣɖɚɏɠ ůɡɢɜɧŰɖŰŮɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŬɜɎˊŰɡɝɖ Ůɜɧɠ ɡˊɞɚɞɔɘůŰɘəɞɨ 

ŮɟɔŬɚŮɑɞɡ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ əŬɘ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ ɔŮɤɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ Ŭˊɧ Űɞ ŭɑəŰɡɞ 

ŬɘůɗɖŰɐɟɤɜ ENIGMA, Űɞɡ ȽɜůŰɘŰɞɨŰɞɡ ȷůŰɟɞɜɞɛɑŬɠ, ȷůŰɟɞűɡůɘəɐɠ, ȹɘŬůŰɖɛɘəɩɜ ȺűŬɟɛɞɔɩɜ & 

ɇɖɚŮˊɘůəɧˊɖůɖɠ (ȽȷȷȹȺɇ) Űɞɡ Ⱥɗɜɘəɞɨ ȷůŰŮɟɞůəɞˊŮɑɞɡ ȷɗɖɜɩɜ (Ⱥȷȷ) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ŰŮɢɜɘəɏɠ ɧˊɤɠ median filtering, Kalman filtering əŬɘ Empirical Mode Decomposition (EMD). 

ȷɜŬɚɨɞɜŰŬɘ ŭŮŭɞɛɏɜŬ ɔɘŬ 3 ˊŮɟɘɞɢɏɠ Űɖɠ ȺɚɚɎŭŬɠ ɔɘŬ Űɘɠ ɑŭɘŮɠ ɢɟɞɜɘəɏɠ ˊŮɟɘɧŭɞɡɠ. ȼ ŬɜɎɚɡůɖ 

ŬɜɏŭŮɘɝŮ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ ŮɟɔŬɚŮɑɞɡ ůŰɞɜ ŮɜŰɞˊɘůɛɧ əɘ ŮˊŮɝŮɟɔŬůɑŬ ŬɜɤɛŬɚɘɩɜ ůŰɞ 

ɔŮɤɛŬɔɜɖŰɘəɧ ɡˊɧɓŬɗɟɞ, ɧˊɤɠ ŬɡŰɏɠ ˊɞɡ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ɔŮɤɛŬɔɜɖŰɘəɩɜ əŬŰŬɘɔɑŭɤɜ. ɇɞ 

ŮɟɔŬɚŮɑɞ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ, ŭɑɜŮɘ ˊɞɚɨŰɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ Űɧůɞ ɔɘŬ ŰŬ ɑŭɘŬ ŰŬ ŭŮŭɞɛɏɜŬ ůŰŬ ɞˊɞɑŬ 

ɏɔɘɜŮ ɖ ŮˊŮɝŮɟɔŬůɑŬ, ŬɚɚɎ əŬɘ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ Ůɝɏɚɘɝɖɠ əŬɘ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ 

ɔŮɤɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ. ɇɏɚɞɠ, ůɡɕɖŰɞɨɜŰŬɘ ŰŮɢɜɘəɏɠ Ŭɝɘɞˊɞɑɖůɖɠ Űɤɜ ɛŬɔɜɖŰɘəɩɜ ŬɜɤɛŬɚɘɩɜ ůŰɞɜ 

ŮɜŰɞˊɘůɛɧ ɛŬɔɜɖŰɘəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ.  

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɛŮŰɟɐůŮɘɠ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, ɛŬɔɜɖŰɘəɞɑ ŬɘůɗɖŰɐɟŮɠ, ŬɜɑɢɜŮɡůɖ ɛŬɔɜɖŰɘəɩɜ 

ŬɜɤɛŬɚɘɩɜ, ŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ  

ȷɁȷɄɇɈɂȼ ɈɄɃȿɃũȽɆɇȽȾɃɈ ȺɅũȷȿȺȽɃɈ ȷɁȽɉɁȺɈɆȼɆ ȾȷȽ 

ɄȷɅȷȾɃȿɃɈŪȼɆȼɆ ȹȽȷɇȷɅȷɉɋɁ ɇɃɈ ũȺɋɀȷũɁȼɇȽȾɃɈ ɄȺȹȽɃɈ 
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Φυσικές μετρήσεις Ι 

 

ID: 047 

 

ũ. ȷ. ũɞɡɟɕɞɡɚɑŭɖɠ1, ɉ. ɇɡɟɎəɖɠ2, ū. ũəɧűŬ3 əŬɘ ȷ. ȹ. ūɚɞɡɟɐɠ4  
1ȹɘŮɨɗɡɜůɖ ɈɔŮɑŬɠ əŬɘ ȷůűɎɚŮɘŬɠ ůŰɖɜ ȺɟɔŬůɑŬ, Ɉˊ. ȺɟɔŬůɑŬɠ əŬɘ Ⱦɞɘɜɤɜɘəɐɠ ȷůűɎɚɘůɖɠ  

2ɇɛɐɛŬ ȽŬŰɟɘəɐɠ ūɡůɘəɐɠ, ȽŬŰɟɘəɐ Ɇɢɞɚɐ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ  
3Ⱥɗɜɘəɐ ɀŮŰŮɤɟɞɚɞɔɘəɐ ɈˊɖɟŮůɑŬ  

4FAME lab, ɇɛɐɛŬ ȺˊɘůŰɐɛɖɠ ūɡůɘəɐɠ ȷɔɤɔɐɠ əŬɘ ȷɗɚɖŰɘůɛɞɨ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ  
1e-mail: ggourz@yahoo.com  

  

ȼ ŭɘŬɢŮɑɟɘůɖ Űɖɠ ŮˊŬɔɔŮɚɛŬŰɘəɐɠ ɗŮɟɛɘəɐɠ əŬŰŬˊɧɜɖůɖɠ ůŰɖɜ ȺɚɚɎŭŬ ŰŬ ŰŮɚŮɡŰŬɑŬ ŰɟɑŬ 

ɢɟɧɜɘŬ ɏɢŮɘ ŬɜŬɓŬɗɛɘůŰŮɑ ůɖɛŬɜŰɘəɎ, əŬɗɩɠ ɛŮ Űɖɜ ɏəŭɞůɖ ůɢŮŰɘəɩɜ Ůɔəɡəɚɑɤɜ Űɞɡ ɈˊɞɡɟɔŮɑɞɡ 

ȺɟɔŬůɑŬɠ ɏɢŮɘ ŭɘŬɛɞɟűɤɗŮɑ ɛɘŬ ůɡɜŮəŰɘəɐ ŭɏůɛɖ ɛɏŰɟɤɜ ˊɟɞůŰŬůɑŬɠ ɔɘŬ Űɞɡɠ ŮɟɔŬɕɧɛŮɜɞɡɠ. ȷɡŰɧ 

ɏɢŮɘ əŬŰŬůŰŮɑ ŭɡɜŬŰɧ ůŰɖ ɓɎůɖ Űɞɡ ɔŮɜɘəɧŰŮɟɞɡ ˊɚŬɘůɑɞɡ ˊɟɞůŰŬůɑŬɠ Űɖɠ ɈɔŮɑŬɠ əŬɘ ȷůűɎɚŮɘŬɠ 

ůŰɖɜ ȺɟɔŬůɑŬ (ɈȷȺ), ůŰɞ ɞˊɞɑɞ ɏɢŮɘ ŮˊŬɜŮɜŰŬɢɗŮɑ ɞ ɓɘɞəɚɘɛŬŰɘəɧɠ ŭŮɑəŰɖɠ WBGT ɔɘŬ Űɞɜ 

əŬɗɞɟɘůɛɧ Űɤɜ ɞɟɑɤɜ ŮˊɘűɡɚŬəɐɠ, ŭɘŬɚŮɘɛɛɎŰɤɜ ɐ/əŬɘ ŭɘŬəɞˊɐɠ Űɤɜ ŮɟɔŬůɘɩɜ. Ƀ Ůɜ ɚɧɔɤ ŭŮɑəŰɖɠ 

ɢɟɖůɘɛɞˊɞɘŮɑ ŰŬ əŬŰɎɚɚɖɚŬ ɓɘɞɛŮŰŮɤɟɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ, ɧˊɤɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞ ISO 7243:2016, 

əŬɘ ɧɢɘ ɛɧɜɞ Űɖ ɗŮɟɛɞəɟŬůɑŬ Űɞɡ ŬɏɟŬ, ɖ ɞˊɞɑŬ ɛɏɢɟɘ əŬɘ ůɐɛŮɟŬ ŮɑɜŬɘ ŭɘŬŭŮŭɞɛɏɜɖ. ɄŬɟɎɚɚɖɚŬ 

ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞɠ ɏɜŬɠ ˊɞɚɡŮˊɑˊŮŭɞɠ ɛɖɢŬɜɘůɛɧɠ ɏɔəŬɘɟɖɠ ˊɟɞŮɘŭɞˊɞɑɖůɖɠ əŬɘ ůɢŮŰɘəɩɜ ɛŮŰɟɐůŮɤɜ 

ɐ/əŬɘ ɡˊɞɚɞɔɘůɛɩɜ, ɞ ɞˊɞɑɞɠ ŮɛˊɚɏəŮɘ Űɖɜ Ⱥɗɜɘəɐ ɀŮŰŮɤɟɞɚɞɔɘəɐ ɈˊɖɟŮůɑŬ, Űɖɜ ȺˊɘɗŮɩɟɖůɖ 

ȺɟɔŬůɑŬɠ əŬɘ ŮɟɔŬɚŮɑŬ ɧˊɤɠ ɛɘŬ ŮɡɏɚɘəŰɖ ŮűŬɟɛɞɔɐ ůŮ əɘɜɖŰɧ Űɖɚɏűɤɜɞ, ŭɡɜŬŰɧŰɖŰŬ 

Ŭˊɚɞˊɞɘɖɛɏɜɤɜ ŮəŰɘɛɐůŮɤɜ Űɞɡ ŭŮɑəŰɖ ůŰɖ ɓɎůɖ ŭɘŬɗɏůɘɛɤɜ ˊɘɜɎəɤɜ, ŬɚɚɎ əŬɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ŬˊŮɡɗŮɑŬɠ ɛŮŰɟɐůŮɤɜ WBGT. 

ȾŬɗɩɠ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ ŭŮɑɢɜɞɡɜ ɧŰɘ ɞɘ ůɡɜɗɐəŮɠ ŮɟɔŬůɑŬɠ ɗŬ ŭɡůɢŮɟŬɑɜɞɜŰŬɘ ˊŮɟŬɘŰɏɟɤ ŰŬ 

ŮˊɧɛŮɜŬ ɢɟɧɜɘŬ ɚɧɔɤ Űɖɠ əɚɘɛŬŰɘəɐɠ ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ, əŬɗɘůŰɩɜŰŬɠ ŮˊɘŰŬəŰɘəɐ Űɖ ůɡɜɞɚɘəɧŰŮɟɖ 

ŭɘŬɢŮɑɟɘůɖ Űɞɡ ɕɖŰɐɛŬŰɞɠ ůŰɖ ɓɎůɖ əŬɘ Űɖɠ ˊɟɞɎůˊɘůɖɠ Űɖɠ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ 

əŬɗɞɟɘůŰɞɨɜ ŰŬ ɧɟɘŬ ŬɓŮɓŬɘɧŰɖŰŬɠ əŬɘ ůűɎɚɛŬŰɞɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ əŬɘ Űɤɜ ˊɟɞɔɜɩůŮɤɜ ˊɞɡ 

ŬˊɞŰŮɚɞɨɜ ůɡůŰŬŰɘəɎ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɟɎůŮɤɜ. Ƀɘ ůɡůəŮɡɏɠ ŬˊŮɡɗŮɑŬɠ ɛɏŰɟɖůɖɠ Űɞɡ WBGT 

ŮɜŰɎůůɞɜŰŬɘ ůŰɖ ɔŮɜɘəɧŰŮɟɖ əŬŰɖɔɞɟɑŬ S (ISO 7726:1998), ɖ ɞˊɞɑŬ ŬˊŬɘŰŮɑ Ñ 0,5ɞ C ɔɘŬ əɎɗŮ 

ŬɘůɗɖŰɐɟŬ ɗŮɟɛɞəɟŬůɑŬɠ. ȷɜŰɑůŰɞɘɢŬ, ɞɘ ŬɟɘɗɛɖŰɘəɏɠ ˊɟɞɔɜɩůŮɘɠ (ɛɞɜŰɏɚŬ əŬɘɟɞɨ) Űɖɠ ȺɀɈ 

ɗŮɤɟɞɨɜ, ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ŬɜŮəŰɐ ŬɓŮɓŬɘɧŰɖŰŬ ɛɘəɟɧŰŮɟɖ Űɞɡ Ñ 1ɞ C ɔɘŬ Űɖɜ ˊɟɧɔɜɤůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ŬɏɟŬ (ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ əŬɗɞɟɑɕŮɘ ůŰɞ ɛŮɔŬɚɨŰŮɟɞ ɓŬɗɛɧ Űɞɜ ŭŮɑəŰɖ ɗŮɟɛɘəɐɠ 

əŬŰŬˊɧɜɖůɖɠ), Ůɜɩ ůɢŮŰɘəɎ ůűɎɚɛŬŰŬ ůɡɜɞŭŮɨɞɡɜ əŬɘ ŰŬ ɧɟɔŬɜŬ ˊŬɟŬŰɐɟɖůɖɠ ɛŮŰŮɤɟɞɚɞɔɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ. ȷɜŰɑůŰɞɘɢɖɠ ŰɎɝɖɠ ɛŮɔɏɗɞɡɠ ŮɑɜŬɘ ɖ ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ ŮűŬɟɛɞɔɐɠ ɔɘŬ Űɞ əɘɜɖŰɧ 

Űɖɚɏűɤɜɞ. ȺűŬɟɛɞɔɐ ɛŮɗɧŭɤɜ ɇŮɢɜɖŰɐɠ Ɂɞɖɛɞůɨɜɖɠ ɗŬ Űɖ ɛŮɘɩůŮɘ ɧɛɤɠ ůɖɛŬɜŰɘəɎ. 

Ƀɘ ɛŮɚɚɞɜŰɘəɏɠ ŭɟɎůŮɘɠ əɘɜɞɨɜŰŬɘ ůŰɖɜ əŬŰŮɨɗɡɜůɖ Űɖɠ ɡɘɞɗɏŰɖůɖɠ ůɡɜɞɚɘəɐɠ ȺɡɟɤˊŬɥəɐɠ 

ɜɞɛɞɗŮůɑŬɠ (ɃŭɖɔɑŬ), ɖ ɞˊɞɑŬ əŬɘ ɗŬ ŮɜŬɟɛɞɜɑůŮɘ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ůɢŮŰɘəɩɜ ŭɟɎůŮɤɜ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɗŬ ŭɟɎůɞɡɜ ŮˊɘŰŬɢɡɜŰɘəɎ ɩůŰŮ ɜŬ ɔɑɜŮɘ 

ˊŮɟɘůůɧŰŮɟɞ ŬɝɘɧˊɘůŰɞ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧ Űɞ ůɡɜɞɚɘəɧ ˊɚŬɑůɘɞ ˊɟɞůŰŬůɑŬɠ əŬɘ ůɡɜŮˊɩɠ ŰŬ ɛɏŰɟŬ  

ˊɟɞůŰŬůɑŬɠ Űɤɜ ŮɟɔŬɕɞɛɏɜɤɜ, ŬɚɚɎ əŬɘ Űɖɠ ˊŬɟŬɔɤɔɘəɧŰɖŰŬɠ. 

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ŪŮɟɛɘəɐ əŬŰŬˊɧɜɖůɖ ŮɟɔŬɕɞɛɏɜɤɜ, ɈɔŮɑŬ əŬɘ ȷůűɎɚŮɘŬ ůŰɖɜ ȺɟɔŬůɑŬ (ɈȷȺ), 

ŮəŰɑɛɖůɖ əɘɜŭɨɜɞɡ, ŬɓŮɓŬɘɧŰɖŰŬ ɛŮŰɟɐůŮɤɜ-ˊɟɞɔɜɩůŮɤɜ, ŭŮɑəŰɖɠ WBGT, əɚɘɛŬŰɘəɐ əɟɑůɖ 

ɈɄɃȿɃũȽɆɀɃɆ ȷȸȺȸȷȽɃɇȼɇɋɁ ɆɇɃ ɄȿȷȽɆȽɃ ȹȽȷɉȺȽɅȽɆȼɆ ɇȼɆ ŪȺɅɀȽȾȼɆ 

ȾȷɇȷɄɃɁȼɆȼ ɇɋɁ ȺɅũȷȻɃɀȺɁɋɁ 



27 

9ο Τακτικό Συνέδριο Μετρολογίας   20 - 21 Ιουνίου 2025, Αθήνα 

 

ID: 017 

 

Ɂ. ɄŬˊŬŭɖɛɖŰɟɑɞɡ, Ɇ. ɀˊŬɛˊŬɚɐɠ, ɀ. ɀŬɗɘɞɡɚɎəɖɠ  

ȺɟɔŬůŰɐɟɘɞ ȼɚɘŬəɩɜ əŬɘ Ɏɚɚɤɜ EɜŮɟɔŮɘŬəɩɜ ɆɡůŰɖɛɎŰɤɜ, ȺȾȺūȺ çȹɖɛɧəɟɘŰɞɠè  

e-mail: nikpap@ipta.demokritos.gr  

  

ɆɡɢɜɎ ɖ ɛɏŰɟɖůɖ ŮɛˊɚɏəŮɘ ɛɘŬ ŬɚɡůɑŭŬ Ůˊɘɛɏɟɞɡɠ ůɡůəŮɡɩɜ (ˊ.ɢ. əŬŰŬɔɟŬűɘəɧ ɛŮŰɟɐůŮɤɜ, 

ɛŮŰŬŰɟɞˊɏŬɠ ůɐɛŬŰɞɠ) əŬɘ ɔɟŬɛɛɩɜ ɛŮŰŬűɞɟɎɠ ůɐɛŬŰɞɠ (əŬɚɩŭɘŬ, ůɡɜŭɏůŮɘɠ əɚˊ.), ɝŮəɘɜɩɜŰŬɠ 

Ŭˊɧ Űɞɜ ŬɘůɗɖŰɐɟŬ əŬɘ əŬŰŬɚɐɔɞɜŰŬɠ ůŰɖ ŰŮɚɘəɐ ɣɖűɘŬəɐ Űɘɛɐ Űɞɡ ɛŮŰɟɞɨɛŮɜɞɡ ɛŮɔɏɗɞɡɠ. ȼ 

ŬɚɡůɑŭŬ ŬɡŰɐ ůɡɔəɟɞŰŮɑ ůŰɖɜ ˊɟɎɝɖ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ ŭɘɎŰŬɝɖ ɛɏŰɟɖůɖɠ ɛŮ Űɖɜ ŮɡɟŮɑŬ ɏɜɜɞɘŬ, ɖ 

ŭɘŬəɟɑɓɤůɖ Űɖɠ ɞˊɞɑŬɠ ŮɛˊŮɟɘɏɢŮɘ ŭɡůəɞɚɑŮɠ ůɢŮŰɘɕɧɛŮɜŮɠ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ Ůˊɘɛɏɟɞɡɠ 

ŰɛɖɛɎŰɤɜ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ŰŮɚɘəɞɨ ŬˊɞŰŮɚɏůɛŬŰɞɠ, ŮɘŭɘəɧŰŮɟŬ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛŮŰɟɐůŮɘɠ 

ˊŮŭɑɞɡ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ůɖɛŬɜŰɘəɐ ɢɤɟɘəɐ ŭɘŬůˊɞɟɎ.   

ȼ ŮɟɔŬůɑŬ ŮˊɘɢŮɘɟŮɑ ɜŬ ŮɝŮŰɎůŮɘ Űɞɡɠ ɧɟɞɡɠ əŬɘ Űɘɠ ˊɟɞɦˊɞɗɏůŮɘɠ ŬˊɚɞɨůŰŮɡůɖɠ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ŭɘŬəɟɑɓɤůɖɠ ɛɘŬɠ ŬɚɡůɑŭŬɠ ɛɏŰɟɖůɖɠ, ŬɝɘɞɚɞɔɩɜŰŬɠ  Űɖ ůɡɛɓɞɚɐ əɎɗŮ Ůˊɘɛɏɟɞɡɠ 

əɟɑəɞɡ ůŰɖɜ ŰŮɚɘəɐ ŬɓŮɓŬɘɧŰɖŰŬ əŬɘ ůŰɖ ŭɡɜŬŰɧŰɖŰŬ ŭɘŬəɟɑɓɤůɖɠ Űɖɠ ŰŮɚɘəɐɠ ŭɘɎŰŬɝɖɠ ɤɠ 

ůɨɜɞɚɞ.  

ȼ ŭɘŮɟŮɨɜɖůɖ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŮ ŭɨɞ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɛɏŰɟɖůɖɠ: ɗŮɟɛɞəɟŬůɑŬɠ 

əŬɘ ˊŬɟɞɢɐɠ ɡɔɟɞɨ. ɆɡɔəɟɑɜɞɜŰŬɘ ɞɘ ŬɓŮɓŬɘɧŰɖŰŮɠ Űɖɠ ɛɏŰɟɖůɖɠ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖɠ Űɖɠ 

ŭɘŬəɟɑɓɤůɖɠ Űɖɠ ŭɘɎŰŬɝɖɠ ɤɠ ůɨɜɞɚɞ əŬɘ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ůɡɜŭɡŬůɛɏɜɖɠ 

Űɡˊɘəɐɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ɛŮ ɓɎůɖ ŰŬ ɛŮŰɟɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ Ůˊɘɛɏɟɞɡɠ ŰɛɖɛɎŰɤɜ Űɖɠ. 

ɆɡɕɖŰɞɨɜŰŬɘ, Űɏɚɞɠ, ɞɘ ŭɡɜŬŰɧŰɖŰŮɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ Űɖɠ ŬɚɡůɑŭŬɠ ɛɏŰɟɖůɖɠ ůŰɖɜ ɓɎůɖ Űɖɠ 

ŬɜɎɚɡůɖɠ Űɞɡ ůɡɜɞɚɘəɞɨ ɘůɞɚɞɔɘůɛɞɨ ŬɓŮɓŬɘɞŰɐŰɤɜ.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɔɟŬɛɛɐ ɛɏŰɟɖůɖɠ, ɛŮŰŬűɞɟɎ ůɐɛŬŰɞɠ, ŬɓŮɓŬɘɧŰɖŰŬ.  

 

 

ũɅȷɀɀȼ ɀȺɇɅȼɆȼɆ ȾȷȽ ȺɄȽɀȺɅɃɈɆ ȷȸȺȸȷȽɃɇȼɇȺɆ 
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ȷɘəŬŰŮɟɑɜɖ ɀˊɞɡɟŬɜŰɎ 

ȹɘŮɨɗɡɜůɖ ȹɘŬˊɑůŰŮɡůɖɠ ȺɟɔŬůŰɖɟɑɤɜ, Ⱥɗɜɘəɧ ɆɨůŰɖɛŬ ȹɘŬˊɑůŰŮɡůɖɠ, Ūɖůɏɤɠ 7, 

ɇ.Ⱦ. 176 76, ȾŬɚɚɘɗɏŬ ȷɗɐɜŬ 

email: bouranta@esyd.gr 

  

ȼ ŭɘŬˊɑůŰŮɡůɖ ŬɜŬɔɜɤɟɑɕŮŰŬɘ ɤɠ Űɞ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ Ůɚɏɔɢɞɡ Űɖɠ əŬŰŬɚɚɖɚɧŰɖŰŬɠ Űɤɜ 

ɡˊɖɟŮůɘɩɜ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ ůɡɛɛɧɟűɤůɖɠ, ŮɑŰŮ ŬɡŰɐ ŭɘŮɜŮɟɔŮɑŰŬɘ ůŮ ŮɗŮɚɞɜŰɘəɐ ŮɑŰŮ ůŮ 

ɡˊɞɢɟŮɤŰɘəɐ ɓɎůɖ.  

ɇɞ Ⱥɗɜɘəɧ ɆɨůŰɖɛŬ ȹɘŬˊɑůŰŮɡůɖɠ (Ⱥ.ɆɈ.ȹ.) ɏɢŮɘ ɞɟɘůɗŮɑ ɤɠ ɞ Ⱥɗɜɘəɧɠ ɃɟɔŬɜɘůɛɧɠ 

ȹɘŬˊɑůŰŮɡůɖɠ Űɖɠ ȺɚɚɎŭŬɠ ůɨɛűɤɜŬ əŬɘ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ȯɟɗɟɞɡ 4 Űɞɡ ȾŬɜɞɜɘůɛɞɨ (EK) 

Ŭɟɘɗ. 765/2008 ɧˊɞɡ əɎɗŮ əɟɎŰɞɠ ɛɏɚɞɠ ɞɟɑɕŮɘ ɏɜŬɜ əŬɘ ɛɧɜɞ Ůɗɜɘəɧ ɞɟɔŬɜɘůɛɧ ŭɘŬˊɑůŰŮɡůɖɠ.  

ȼ ɛŮŰɟɞɚɞɔɘəɐ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ ůɖɛŬɜŰɘəɧŰŮɟŬ ůɖɛŮɑŬ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ 

ůɡɛɛɧɟűɤůɖɠ. ɇɞ ˊɚŬɑůɘɞ ŭɘŬˊɑůŰŮɡůɖɠ ˊɟɞůŬɟɛɧɕŮɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊɞɚɘŰɘəɐ 

ɛŮŰɟɞɚɞɔɘəɐɠ ɘɢɜɖɚŬůɘɛɧŰɖŰŬɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜŰŬˊɞəɟɘɗŮɑ ůŰɘɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ȺɡɟɤˊŬɥəɐɠ 

ɆɡɜŮɟɔŬůɑŬɠ ɔɘŬ Űɖ ȹɘŬˊɑůŰŮɡůɖ (EA).  

ȳˊɞŰŮ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɛŮŰɟɐůŮɘɠ əŬɘ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ůɡɛɛɧɟűɤůɖɠ ɓŬůɑɕŮŰŬɘ ůŮ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮŰɟɐůŮɤɜ, ɖ ɛŮŰɟɞɚɞɔɘəɐ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ ŮɑɜŬɘ ɨɣɘůŰɖɠ ůɖɛŬůɑŬɠ. ɀŮ ŬɡŰɧɜ Űɞɜ 

Űɟɧˊɞ, ŰŬ ŮɟɔŬůŰɐɟɘŬ əŬɘ ɞɘ űɞɟŮɑɠ Ůɚɏɔɢɞɡ ŭɘŬůűŬɚɑɕɞɡɜ Űɖɜ çɞɟɗɧŰɖŰŬè Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ ŰŬ 

ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ŬɡŰɏɠ.  

ɇŬ ɛɏůŬ ɔɘŬ Űɖɜ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ɛŮ ɓɎůɖ ŰŬ ŮɗɜɘəɎ ˊɟɧŰɡˊŬ ŭɘŬűɏɟɞɡɜ ɛŮŰŬɝɨ 

Űɤɜ ŭɘŬűɧɟɤɜ Űɨˊɤɜ Ůɝɞˊɚɘůɛɞɨ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ Űɖɠ ɛɏŰɟɖůɖɠ, Űɖɜ ŬəɟɑɓŮɘŬ Űɖɠ 

ɛɏŰɟɖůɖɠ əŬɘ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ. Ƀɘ űɞɟŮɑɠ Ŭɝɘɞɚɧɔɖůɖɠ ůɡɛɛɧɟűɤůɖɠ ɞűŮɑɚɞɡɜ ɜŬ 

ŬˊɞŭŮɑɝɞɡɜ ɧŰɘ ɖ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ Űɤɜ ɞɟɔɎɜɤɜ ɛɏŰɟɖůɖɠ ůɡɛɛɞɟűɩɜŮŰŬɘ ɛŮ Űɘɠ ŭɘŮɗɜŮɑɠ 

ŬˊŬɘŰɐůŮɘɠ (ŭɘŮɗɜɩɠ ŬɜŬɔɜɤɟɘůɛɏɜŬ ˊɟɧŰɡˊŬ).  

Ƀɘ ɛŮŰɟɞɚɞɔɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ɞɟɑɕɞɜŰŬɘ ůŰɞ ˊɟɧŰɡˊɞ ISO/IEC 17025:2017, ůɡɛˊɚɖɟɩɜɞɜŰŬɘ ůŰɞ 

ɏɔɔɟŬűɞ  ILAC P10:2020 əŬɘ ůɡɢɜɎ ŮɝŮɘŭɘəŮɨɞɜŰŬɘ ůŰŬ Ůˊɘɛɏɟɞɡɠ ˊɟɧŰɡˊŬ 

ŭɞəɘɛɩɜ/ŭɘŬəɟɘɓɩůŮɤɜ. ũɘŬ ɧɚɞɡɠ Űɞɡɠ űɞɟŮɑɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɖɠ ůɡɛɛɧɟűɤůɖɠ ˊɞɡ ŮɑɜŬɘ 

ŭɘŬˊɘůŰŮɡɛɏɜɞɘ Ŭˊɧ Űɞ ȺɆɈȹ, ɞɘ ŬˊŬɘŰɐůŮɘɠ ŬɡŰɏɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰŬ ɏɔɔɟŬűŬ ȺɆɈȹ ȾɃ1&ȾɃ2 

ȾɅȽɇȺ.  

ȼ ŬˊŬɑŰɖůɖ ɔɘŬ ɛŮŰɟɞɚɞɔɘəɐ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ ŭŮɜ ŰŮəɛɖɟɘɩɜŮŰŬɘ ɛɧɜɞ Ŭˊɧ Űɖɜ əŬŰŬɚɚɖɚɧɚɖŰŬ 

Űɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ Ůɝɞˊɚɘůɛɞɨ ŬɚɚɎ əŬɘ Űɖɜ ŬˊɧŭŮɘɝɖ Űɖɠ ŰŮɢɜɘəɐɠ ŮˊɎɟəŮɘŬɠ Űɞɡ űɞɟɏŬ 

Ŭɝɘɞɚɧɔɖůɖɠ ůɡɛɛɧɟűɤůɖɠ.  

ȰɜŬ ŭɘŬˊɘůŰŮɡɛɏɜɞ ŮɟɔŬůŰɐɟɘɞ ŭɞəɘɛɩɜ/ŭɘŬəɟɘɓɩůŮɤɜ ɞűŮɑɚŮɘ ɜŬ ɏɢŮɘ ɛɖɢŬɜɘůɛɧ Ůɚɏɔɢɞɡ Űɤɜ 

ŭɟŬůŰɖɟɘɞŰɐŰɤɜ Űɞɡ ɔɘŬ ɜŬ ŬɝɘɞɚɞɔŮɑ Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ɜŬ əŬŰŬŭŮɘəɜɨŮɘ Űɖɜ 

Ůˊɑŭɞůɐ Űɞɡ ůɡɛɛŮŰɏɢɞɜŰŬɠ ůŮ əŬŰɎɚɚɖɚŬ ˊɟɞɔɟɎɛɛŬŰŬ ŭɞəɘɛɩɜ ɘəŬɜɧŰɖŰŬɠ ɛɏůɤ 

ŭɘŮɟɔŬůŰɖɟɘŬəɩɜ ůɡɔəɟɘŰɘəɩɜ ŭɞəɘɛɩɜ.   

ȼ ŬɝɘɧˊɘůŰɖ ɛɏŰɟɖůɖ ŮɑɜŬɘ ŬɜŰɘəŮɘɛŮɜɘəɧ əɟɘŰɐɟɘɞ Ŭɝɘɞɚɧɔɖůɖɠ ůɡɛɛɧɟűɤůɖɠ Űɤɜ ˊɟɞɥɧɜŰɤɜ 

ůɨɛűɤɜŬ ɛŮ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ˊɟɞŭɘŬɔɟŬűɏɠ ˊɞɘɧŰɖŰŬɠ.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɛŮŰɟɞɚɞɔɘəɐ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ, ŭɘŬˊɑůŰŮɡůɖ, űɞɟɏŬɠ Ŭɝɘɞɚɧɔɖůɖɠ ůɡɛɛɧɟűɤůɖɠ  

 

ȷɄȷȽɇȼɆȺȽɆ ɇȼɆ ȹȽȷɄȽɆɇȺɈɆȼɆ ũȽȷ ɇȼɁ ȽɉɁȼȿȷɆȽɀɃɇȼɇȷ 
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Ⱥɚɏɜɖ ɀˊɞŰɑŰůɖ, Ɇˊɨɟɞɠ ȷɜŰɤɜɑɞɡ 

ȷȭ ɉɈ ȷɗɖɜɩɜ 

ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ 

e-mail: e.botitsi@aade.gr 

 

Ƀ ɏɚŮɔɢɞɠ Űɖɠ ˊŬɟɞɡůɑŬɠ ŭɘŬűɧɟɤɜ əŬŰɖɔɞɟɘɩɜ ɟɡˊŬɜŰɩɜ əŬɘ ɡˊɞɚŮɘɛɛɎŰɤɜ 

űɡŰɞˊɟɞůŰŬŰŮɡŰɘəɩɜ ŮɜɩůŮɤɜ ůŮ ŰɟɧűɘɛŬ əŬɘ ɜŮɟɎ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ 

ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ. ȼ ŰŬɡŰɧɢɟɞɜɖ ŬɜɎɚɡůɖ ɛŮɔɎɚɞɡ Ŭɟɘɗɛɞɨ ŮɜɩůŮɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɢɖɛɘəɩɜ 

əŬŰɖɔɞɟɘɩɜ ůŮ ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ ɡˊɞůŰɟɤɛɎŰɤɜ Űɟɞűɑɛɤɜ əŬɘ ɜŮɟɩɜ, ŮɑɜŬɘ ŮűɘəŰɐ ɛɏůɤ ˊɞɚɡ-

ɡˊɞɚŮɘɛɛŬŰɘəɩɜ ɛŮɗɧŭɤɜ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ɔŮɜɘəɏɠ ɛŮɗɧŭɞɡɠ Ůəɢɨɚɘůɖɠ, əɡɟɑɤɠ ɛŮ Űɖ ɛɏɗɞŭɞ 

QUECHERS əŬɘ Űɘɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ Űɖɠ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ˊɞɚɡŭɨɜŬɛɖ ŰŮɢɜɘəɐ Űɖɠ ɡɔɟɐɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬɠ (LC) ůɡɕŮɡɔɛɏɜɖɠ ɛŮ űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ əŬɘ ŭɘŬɢɤɟɘůŰɘəɐɠ 

ɘəŬɜɧŰɖŰŬɠ (LC-HRAM-MS). ɇŬ ůɨɔɢɟɞɜŬ ŬɜŬɚɡŰɘəɎ ůɡůŰɐɛŬŰŬ LC-HRAM-MS ɛŮ ŬɜŬɚɡŰɏɠ 

ɛɎɕŬɠ QTOF ɐ Orbitrap, ŭɘŬɗɏŰɞɡɜ ˊɞɚɚŬˊɚɏɠ ŭɡɜŬŰɧŰɖŰŮɠ ɚɐɣɖɠ űɎůɛŬŰɞɠ ˊɟɧŭɟɞɛɤɜ əŬɘ 

ˊɟɞɥɧɜŰɤɜ ɘɧɜŰɤɜ, Űɤɜ ɞˊɞɑɤɜ ɖ ŮəŰɑɛɖůɖ Űɖɠ Ůˊɑŭɞůɖɠ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŮ ɛŮɗɧŭɞɡɠ 

ŬɜɑɢɜŮɡůɖɠ əŬɘ ˊɟɞůŭɘɞɟɘůɛɞɨ ɡˊɞɚŮɘɛɛɎŰɤɜ űɡŰɞűŬɟɛɎəɤɜ ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɚɚɩɜ 

ɛŮɚŮŰɩɜ. 

ɆŰɧɢɞɠ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɖ ŬɜɎˊŰɡɝɖ ɛŮɗɧŭɤɜ ˊɟɞůŭɘɞɟɘůɛɞɨ ɟɡˊŬɜŰɩɜ əŬɘ 

ɡˊɞɚŮɘɛɛɎŰɤɜ űɡŰɞˊɟɞůŰŬŰŮɡŰɘəɩɜ ŮɜɩůŮɤɜ ůŮ ŰɟɧűɘɛŬ əŬɘ ɜŮɟɎ, ɛŮ Űɖ ŰŮɢɜɘəɐ LC-HRAM-MS 

ůŮ ŬɜŬɚɡŰɘəɧ ůɨůŰɖɛŬ LC-qOrbitrap-MS. Ƀɘ ɛɏɗɞŭɞɘ ŬɜɎɚɡůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ůɎɟɤůɖɠ ˊɚɐɟɞɡɠ űɎůɛŬŰɞɠ əŬɘ űɎůɛŬŰɞɠ ˊɟɞɥɧɜŰɤɜ ɘɧɜŰɤɜ, Űɨˊɞɡ FS MS/DIA MS/MS : full -

scan MS data-independent acquisition DIA MS/MS. ɄŬɟɎɚɚɖɚŬ ɛŮ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ 

ŬɜŬɚɡŰɘəɩɜ ˊŬɟŬɛɏŰɟɤɜ, ŬɜŬˊŰɨɢɗɖəŮ əŬŰɎɚɚɖɚɖ ɛɏɗɞŭɞɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɔɘŬ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 

400 ŮɜɩůŮɘɠ Űɞɡ ˊŮŭɑɞɡ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ. Ƀɘ ɛɏɗɞŭɞɘ ŮˊɘəɡɟɩɗɖəŬɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ 

əŬŰŮɡɗɡɜŰɐɟɘŬ ɞŭɖɔɑŬ SANTE /11312/2021(V2) əŬɘ Űɞɜ ȾŬɜ(ȺȾ) 333/2007 əŬɘ ŬɝɘɞɚɞɔɐɗɖəŬɜ 

ɛɏůɤ ŭɘŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɑɢɜɞɡɜ ɧŰɘ ɞɘ ɛɏɗɞŭɞɘ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɧ 

ŬɜŬɚɡŰɘəɧ ŮɟɔŬɚŮɑɞ ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɧ ůɡɜŭɡŬůɛɧ ŬɜŬɚɡŰɘəɐɠ Ůˊɑŭɞůɖɠ, ɢɟɧɜɞɡ əŬɘ əɧůŰɞɡɠ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ : pesticide residues, contaminants, LC-qOrbitrap-MS 

 

ɀȺŪɃȹɃȽ ȷɁȷȿɈɆȼɆ ɅɈɄȷɁɇɋɁ ȾȷȽ ɈɄɃȿȺȽɀɀȷɇɋɁ 

ūɈɇɃɄɅɃɆɇȷɇȺɈɇȽȾɋɁ ȺɁɋɆȺɋɁ ɆȺ ɇɅɃūȽɀȷ ȾȷȽ ɁȺɅȷ, 

ɀȺ ɉɅȼɆȼ ɈũɅȼɆ ɉɅɋɀȷɇɃũɅȷūȽȷɆ - ūȷɆɀȷɇɃɀȺɇɅȽȷɆ ɀȷȻȷɆ  

ɈɊȼȿȼɆ ȷȾɅȽȸȺȽȷɆ ȾȷȽ ɈɊȼȿȼɆ ȹȽȷɉɋɅȽɆɇȽȾȼɆ ȽȾȷɁɃɇȼɇȷɆ 



31 

9ο Τακτικό Συνέδριο Μετρολογίας   20 - 21 Ιουνίου 2025, Αθήνα 

 

ID: 101 

 

Gini M. 1, Manousakas M-I.1, Kantarelou V.2, Karydas A.G.2, Chiari M. 3, Migliori A. 4, Civici N.5, 

Veleva B.6, Sega K.7, Samek L.8, Samara C.9, Kertesz Z.10, Osan J.11 and Eleftheriadis K.1 
1ENRACT, Institute of Nuclear & Radiological Sciences & Technology, Energy & Safety, N.C.S.R. 

ñDemokritosò, 15310 Athens, Greece,  
2Institute of Nuclear and Particle Physics, N.C.S.R. ñDemokritosò, 15310 Athens, Greece,  

3 National Institute of Nuclear Physics (INFN), 50019 Sesto Fiorentino (FI), Italy,  
4Nuclear Science and Instrumentation Laboratory, Physics Section, International Atomic Energyy Agency, 

2444 Seibersdorf, Austria,  
5Institute of Applied Nuclear Physics, University of Tirana, Tirana, Albania,  

6National Institute of Meteorology and Hydrology, 1784 Sofia, Bulgaria,  
7Institute for Medical Research and Occupational Health, Ksaverska cesta 2, p.p. 291, 10001 Zagreb, 

Croatia,  
8AGH University of Science and Technology, Faculty of Physics and Applied Computer Science, Krakow, 

Poland,  
9Department of Chemistry, Environmental Pollution Control Laboratory, Aristotle University of 

Thessaloniki, University Campus, 54124 Thessaloniki, Greece,  
10Institute for Nuclear Research (Atomki), H-4026 Debrecen, Bem t®r 18/c, Hungary,  

11Centre for Energy Research, Konkoly-Thege Mikl·s ¼t 29-33., H-1121 Budapest, Hungary.   

email: gini@ipta.demokritos.gr  

  

The quantification of the elemental concentration of ambient particulate matter is a challenging 

task, because the observed elemental loadings are not well above the detection limit for most 

analytical techniques. Although non-destructive nuclear techniques (i.e. X-ray fluorescence, 

Particle-induced X-ray emission) are widely used for the chemical characterization of ambient 

aerosol, only one multi-element reference filter material that mimics ambient aerosol composition 

has become recently available in the market for quality control and instruments calibration. In the 

present study, an inter-comparison exercise was performed to evaluate the measurement uncertainty 

and instruments performance using multi-element certified indoor dust samples deposited on PTFE 

filter samples. The filter samples were produced by means of dust dispersion and subsequent 

gravimetric collection, and further tested in terms of homogeneity and reproducibility as well as 

long-term stability (å 80 month). Eight laboratories participated in the inter-comparison and the 

evaluation of the results reported by all the participants was performed by using two sets of 

reference values: a) the concentrations reported by the Expert Laboratory, b) the robust average 

concentrations reported by all participants. As a general result, most of the certified and reference 

elements were efficiently detected in the sample loadings prepared as representative for 

atmospheric samples by the Expert Laboratory. The absolute value of relative difference between 

the reported values and the reference values ranged between 0.1 % (Ti) and 33.7 % (Cr) (CRM 

2584).  All the participants were also able to efficiently detect most of the elements except from the 

elements with atomic number lower than 16 namely, P, Al and Mg; light elements are difficult to 

identify because of the low X-ray fluorescence cross sections and therefore must be analyzed with 

INTER -LABORATORY COMPARISON OF ED -XRF/PIXE ANALYTICAL 

TECHNIQUES IN THE ELEMENTAL ANALYSIS OF FILTER -DEPOSITED  

MULTI -ELEMENTAL CERTIFIED REFERENCE MATERIALS REPRESENTATIVE 

OF AMBIENT PARTICULATE MATTER  

mailto:gini@ipta.demokritos.gr
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special care. The average percentage difference between the participants results and the assigned 

value as derived by the expert laboratory was 17.5 Ñ 18.1 % (CRM2583; Cr and Pb excluded) and 

16.7 Ñ 16.7 % (CRM2584; Cr and P excluded). While, the average ñrelative robust standard 

deviationò of the results reported by all participants was 25.1 % and 22.8 % for CRM 2583 and 

CRM 2584, respectively.   

 

Keywords: Lab Intercomparison, Multi-element reference materials, PIXE, elemental analysis, 

XRF   
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Monitoring the spatial distribution of the soil water content within the entire range of the 

unsaturated zone is imperative for various hydrologic, geotechnical, and agricultural applications. 

Commercial point sensors provide reliable measurements of soil water content; however, their 

installation at multiple depths is a laborious and time-consuming work. Furthermore, the length of 

profile soil moisture sensors, which are commercially available and measure soil water content at 

specific points, does not exceed 1 m. and as a result essential soil hydrologic processes below that 

depth cannot be captured. The development of custom length waveguides from flexible insulated 

flat copper wires, in which signal attenuation in lengths over 1m. is not observed as in non-insulated 

rod waveguides, allow the monitoring of soil water content across the transmission lines through 

inverse modeling of the reflected signal from profile reconstruction algorithms. TDR and VNA 

devices can be employed to capture the reflection of the electromagnetic signal that penetrates the 

custom waveguides. In this study, the measurements of TDR and NanoVNA devices connected 

with custom waveguides, assembled with flexible insulated flat copper wires, are evaluated in 

different soil media. Transmission to highly portable configurations for field installation from TDR 

devices, which cost is even prohibitive for research purposes, can be achieved through the 

implementation of low-cost NanoVNA devices, which can be used as virtual TDR devices. The 

implementation of profile reconstruction algorithms, to determine dielectric permittivity in 

infinitesimal segments of the transmission lines and to transform it to soil water content through 

deterministic or empirical models, is fully automated through the development of a supportive 

Python code. The code can be used either in pre-collected data or can be integrated to embedded 

computing systems for the capture and process of waveforms in the field. The proposed framework 

facilitates monitoring of soil water content in the field, providing information on various 

hydrological processes that take place in the soil matrix, achieving high spatial resolution 

throughout the length of transmission lines.   

  

Keywords: Time Domain Reflectometry, Frequency Domain Reflectometry, inverse modeling, soil 

water content, python  

 

 

 

IMPLEMENTATION OF SPATIAL TDR AND FDR  

IN MONITORING SOIL WATER CONTENT  
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ɀˊɚɏəɞɡ ɀŬɟɘɎɜŬ əŬɘ ȹɟɑɚɚɘŬ ɄŬɜŬɔɘɩŰŬ 

Tsakalidis Analysis & Testing, ɇůŬɛŬŭɞɨ 12, 18531 ɄŮɘɟŬɘɎɠ  

e-mail: lab@tsakalidislabs.gr  

 

ɇŬ ˊɚŬůŰɘəɎ ɡɚɘəɎ ˊɞɡ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ ŰŬ ŰɟɧűɘɛŬ, ŬɜɎɚɞɔŬ ɛŮ Űɘɠ űɡůɘəɞɢɖɛɘəɏɠ Űɞɡɠ 

ɘŭɘɧŰɖŰŮɠ, Űɖ ɢɖɛɘəɐ Űɞɡɠ ůɨɜɗŮůɖ əŬɗɩɠ əŬɘ Űɖ űɨůɖ Űɞɡ Űɟɞűɑɛɞɡ, ɛˊɞɟŮɑ ɜŬ ɛŮŰŬűɏɟɞɡɜ ŰŬ 

ůɡůŰŬŰɘəɎ Űɞɡɠ ůŰŬ ŰɟɧűɘɛŬ ɛɏůɤ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ ɛŮŰŬɜɎůŰŮɡůɖɠ. ȷɜɎɛŮůŬ ůŰɘɠ ɞɡůɑŮɠ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ɛŮŰŬűŮɟɗɞɨɜ ŮɑɜŬɘ əŬɘ ŰŬ ɛɏŰŬɚɚŬ, ɖ ɏəɗŮůɖ ůŰŬ ɞˊɞɑŬ ŮɜŭɏɢŮŰŬɘ ɜŬ ŬˊɞŰŮɚŮɑ əɑɜŭɡɜɞ 

ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ.  

ɀŮ ɓɎůɖ Űɖɜ ŰŮɚŮɡŰŬɑŬ Űɟɞˊɞˊɞɑɖůɖ Űɞɡ ɓŬůɘəɞɨ ȾŬɜɞɜɘůɛɞɨ ȺȺ 10/2011, ˊɞɡ ŬűɞɟɎ ŰŬ 

ˊɚŬůŰɘəɎ ɡɚɘəɎ ůŮ ŮˊŬűɐ ŰɟɧűɘɛŬ (ȾŬɜɞɜɘůɛɧɠ ȺȺ 1245/2020), ɏɢɞɡɜ ɗŮůˊɘůŰŮɑ ɧɟɘŬ ɔɘŬ 23 

ɛɏŰŬɚɚŬ (ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Al, As, Ba, Ca, Cd, Co, Cr, Cu, Eu, Fe, Gd, Hg, K, La, Li , Mg, Mn, Na, 

Ni, Pb, Sb, Tb, Zn). ɆɐɛŮɟŬ, ɞɚɞɏɜŬ əŬɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭɟɢɏɠ əŬɘ ɓɘɞɛɖɢŬɜɑŮɠ ɡˊɧəŮɘɜŰŬɘ ůŰɖɜ 

ŮˊŬɚɐɗŮɡůɖ Űɖɠ ůɡɛɛɧɟűɤůɖɠ Űɞɡɠ ɛŮ Űɞɜ ˊŬɟŬˊɎɜɤ əŬɜɞɜɘůɛɧ.  

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛɏɗɞŭɞɠ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ůŰŬ ŮɟɔŬůŰɐɟɘŬ Tsakalidis 

Analysis & Testing ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ Ůɘŭɘəɐɠ ɛŮŰŬɜɎůŰŮɡůɖɠ Űɤɜ 23 ɛŮŰɎɚɚɤɜ ˊɞɡ ɞɟɑɕŮɘ 

ɞ Űɟɞˊɞˊɞɘɖɛɏɜɞɠ ȾŬɜɞɜɘůɛɧɠ ȺȺ 10/2011. ȼ ɛɏɗɞŭɞɠ ɓŬůɑɕŮŰŬɘ ůŰɖ ɢɟɐůɖ ɞɝɘəɞɨ ɞɝɏɞɠ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ 3% ɤɠ Űɞ ɢŮɘɟɧŰŮɟɞ ůŮɜɎɟɘɞ ˊɟɞůɞɛɞɘɤŰɐ ɔɘŬ Űɖ ɛŮŰŬɜɎůŰŮɡůɖ ɛŮŰɎɚɚɤɜ ůŰŬ 

ŰɟɧűɘɛŬ əŬɘ ɖ ŬɜɑɢɜŮɡůɖ Űɤɜ ɛŮŰɎɚɚɤɜ ɔɑɜŮŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ űŬůɛŬŰɞűɤŰɞɛŮŰɟɑŬɠ ɛɎɕŬɠ 

ŮˊŬɔɤɔɘəɎ ůɡɕŮɡɔɛɏɜɞɡ ˊɚɎůɛŬŰɞɠ (ICP-MS). ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮűŬɟɛɧɕŮŰŬɘ ŮˊɘŰɡɢɩɠ ɔɘŬ ŰŬ 

ˊɚŬůŰɘəɎ ɡɚɘəɎ ˊɞɡ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ ŰŬ ŰɟɧűɘɛŬ ɧˊɤɠ ŭɞɢŮɑŬ, ˊŮɟɘɏəŰŮɠ, űɘɚɛ əŬɘ űɨɚɚŬ. ɆŰɖ 

ůɡɜɏɢŮɘŬ, ɔɑɜŮŰŬɘ ɛɘŬ ůɨɜŰɞɛɖ ŬɜŬűɞɟɎ ůŰŬ ůŰɞɘɢŮɑŬ Ůˊɘəɨɟɤůɖɠ Űɖɠ ɛŮɗɧŭɞɡ. ɇɏɚɞɠ, 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ůŰŬŰɘůŰɘəɐ ŬɜɎɚɡůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ Ůɘŭɘəɐɠ ɛŮŰŬɜɎůŰŮɡůɖɠ ɛŮŰɎɚɚɤɜ 

ůŮ ˊɚŬůŰɘəɎ ɡɚɘəɎ ůŮ ŮˊŬűɐ ɛŮ ŰɟɧűɘɛŬ ˊɞɡ ɏɢɞɡɜ ŬɜŬɚɡɗŮɑ ůŰŬ ŮɟɔŬůŰɐɟɘŬ Tsakalidis Analysis 

& Testing Űɖɜ ŰŮɚŮɡŰŬɑŬ ˊŮɜŰŬŮŰɑŬ.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɀɏŰŬɚɚŬ, ɀŮŰŬɜɎůŰŮɡůɖ, ICP-MS, ɇɟɧűɘɛŬ 

ȺȽȹȽȾȼ ɀȺɇȷɁȷɆɇȺɈɆȼ ɀȺɇȷȿȿɋɁ ɀȺ ICP-MS 
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Mass spectrometry plays a critical role in real-time aerosol chemical composition monitoring. In 

this study, we present an assessment of long-term deployment of a Time-of-Flight Aerosol 

Chemical Speciation Monitor (ToF-ACSM) in two different environments in Greece. The first 

dataset was collected at the suburban station of NCSR Demokritos in Agia Paraskevi, Athens, over 

a 12-month period (October 2017 ï November 2018), with the ToF-ACSM operating together with 

co-located instruments. The second location was at the top of mount Helmos in Peloponnese, 

Greece, at the Helmos Hellenic Atmospheric Aerosol & Climate Change station (or (HAC)2), where 

the instrument was deployed also for 12 months (August 2021 - September 2022).   

The performance of the ToF-ACSM under the suburban and the high-altitude environment is 

discussed, together with seasonal changes. Calibrations of the instrument were conducted by using 

ammonium nitrate and ammonium sulphate mixtures. The study reports long-term instrument 

stability, calibration procedures, detection limits, and signal-to-noise ratios for non-refractory PM  

species. Mass closure was examined by comparison of the total mass concentration of PM1 

provided by the ToF-ACSM with co-located reference measurements (MPSS, OPC).  

The study highlights the strengths of the ToF-ACSM to perform stable long-term measurements 

under different environmental conditions.  

  

Keywords: ToF-ACSM, ambient aerosol, chemical composition, calibration  

 

 

LONG-TERM OPERATION AND EVALUATION OF A T oF-ACSM IN DIFFERENT 

ATMOSPHERIC ENVIRONMENTS: SUBURBAN AND HIGH -ALTITUDE DEM 
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Ʉ. ũɘŬɜɜɘəɞˊɞɨɚɞɡ, ȼ. ȾŬəɞɡɚɑŭɖɠ, ũ. ȾŬɟŬɜɘəɞɚɧˊɞɡɚɞɠ, 

Ⱥ. ɆəɞŰɘŭɎəɖ, Ⱥ. ɆŰŬɗɞɡŭɎəɖ, ȸ. ɆɢɞɘɜɎ 

ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ɀŮŰɟɞɚɞɔɑŬɠ 

ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ, ȷ. ɇůɧɢŬ 16, 115 21 ȷɗɐɜŬ 

e-mail: metrology.gcsl@aade.gr 

 

ȼ ȺȺ ɏɢŮɘ ŰɞɜɑůŮɘ Űɖɜ ŬɜŬɔəŬɘɧŰɖŰŬ ɔɘŬ ŭŮŭɞɛɏɜŬ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɖɠ 

ˊɟɞɧŭɞɡ Űɖɠ Ⱥɡɟɩˊɖɠ ˊɟɞɠ ɛɘŬ űɘɚɞŭɞɝɑŬ ɛɖŭŮɜɘəɐɠ ɟɨˊŬɜůɖɠ. ɇɞ ȺɡɟɤˊŬɥəɧ ȹɑəŰɡɞ ɔɘŬ Űɖɜ 

ɄŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ɅɨˊŬɜůɖɠ ˊŬɟɏɢŮɘ ŰŮɢɜɞɔɜɤůɑŬ ůŰɖɜ ŮˊɘůŰɐɛɖ Űɤɜ ɛŮŰɟɐůŮɤɜ ůŰɖɜ 

əɞɘɜɤɜɑŬ, Űɖɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ əɞɘɜɧŰɖŰŬ əŬɘ Űɖ ɓɘɞɛɖɢŬɜɑŬ ɔɘŬ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ ɛŮŰɟɞɚɞɔɘəɎ Űɖɜ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ɢɖɛɘəɐɠ, ɟŬŭɘɞɥůɞŰɞˊɘəɐɠ, ɓɘɞɚɞɔɘəɐɠ, ɛɘəɟɞɓɘɞɚɞɔɘəɐɠ əŬɘ ůɤɛŬŰɘŭɘŬəɐɠ 

ɟɨˊŬɜůɖɠ ůŰɞɜ ŬɏɟŬ, Űɞ ɜŮɟɧ əŬɘ Űɞ ɏŭŬűɞɠ. ɇɞ ȺɡɟɤˊŬɥəɧ ȹɑəŰɡɞ ɔɘŬ Űɖɜ ɄŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ 

ɅɨˊŬɜůɖɠ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ɔɏűɡɟŬ ɛŮŰŬɝɨ Űɤɜ ŮɜŭɘŬűŮɟɧɛŮɜɤɜ ɛŮɟɩɜ əŬɘ Űɤɜ əɞɘɜɞŰɐŰɤɜ ŰŮɚɘəɩɜ 

ɢɟɖůŰɩɜ əŬɘ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ɓɘɤůɘɛɧŰɖŰŬ ɛŮ ɛŮŰɟɐůŮɘɠ ɟɨˊɤɜ. ȷɜŰɘəŮɑɛŮɜŬ 

ŬɜŬɚɡŰɘəɐɠ Ŭɘɢɛɐɠ ŬˊɞŰŮɚɞɨɜ ɞɘ ɛŮŰɟɐůŮɘɠ PFAS, ɡˊɞɚŮɘɛɛɎŰɤɜ űŬɟɛɎəɤɜ əŬɘ űɡŰɞűŬɟɛɎəɤɜ, 

ɛɘəɟɞˊɚŬůŰɘəɩɜ, ŰŮɢɜɖŰɩɜ ɟŬŭɘɞɥůɞŰɧˊɤɜ, ŬɚɚɎ əŬɘ ɓɘɞɚɞɔɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ 

ŬɜɗɟɤˊɞɔŮɜɩɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ˊŮɟɘɓɎɚɚɞɜ, ɟɨˊŬɜůɖ, ŭɑəŰɡŬ ɛŮŰɟɞɚɞɔɑŬɠ 
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ũȽȷ ɇȼɁ ɄȷɅȷȾɃȿɃɈŪȼɆȼ ɇȼɆ ɅɈɄȷɁɆȼɆ 
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Ɂɑəɖ Ƚ. ũəɧɜɞɡ1, ŪɤɛɎɠ Ⱥ. ɇůɞɓɑɚɖɠ2 əŬɘ ũŮɩɟɔɘɞɠ ȹ. ɄɏˊˊŬɠ3 
1,2ȺɟɔŬůŰɐɟɘɞ Ɉɣɖɚɩɜ ɇɎůŮɤɜ, ɇɛɐɛŬ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ əŬɘ ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ,  

ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, ȾŰɑɟɘɞ ȹ, ȺɔɜŬŰɑŬ ɛŮ 3ɖɠ ɆŮˊŰŮɛɓɟɑɞɡ,  

ɄŬɜŮˊɘůŰɖɛɘɞɨˊɞɚɖ, 54636 ŪŮůůŬɚɞɜɑəɖ, ȺɚɚɎŭŬ 
3Ɇɢɞɚɐ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ əŬɘ ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ, ɄɞɚɡŰŮɢɜŮɑɞ ȾɟɐŰɖɠ, ũɟŬűŮɑɞ  

145ȷ-12, ȸ' ȳɟɞűɞɠ, ȾŰɑɟɘɞ ȺˊɘůŰɖɛɩɜ/ȼɀɀɈ, ȷəɟɤŰɐɟɘ ɉŬɜɑɤɜ, 73100 ɉŬɜɘɎ, ȺɚɚɎŭŬ 

e-mail: ngkonou@auth.gr 

 

Ƀɘ ŭɑɞŭɞɘ ˊŮɟɘɞɟɘůɛɞɨ ɡˊŮɟŰɎůŮɤɜ (transient voltage suppressor diodes, TVS diodes), 

ŬˊɞŰŮɚɞɨɜ ůŰɞɘɢŮɑŬ ˊɟɞůŰŬůɑŬɠ əɡəɚɤɛɎŰɤɜ Ŭˊɧ əɟɞɡůŰɘəɏɠ ɡˊŮɟŰɎůŮɘɠ, ˊɞɡ ˊɟɞůűɏɟɞɡɜ 

ɔɟɐɔɞɟɖ Ŭˊɧəɟɘůɖ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ˊŮɟɘɞɟɘůɛɧ Űɖɠ ŬɜŬˊŰɡůůɧɛŮɜɖɠ ŰɎůɖɠ ůŰŬ ŬůűŬɚɐ 

ŮˊɑˊŮŭŬ ɚŮɘŰɞɡɟɔɑŬɠ. Ƀɘ ŭɑɞŭɞɘ ŬɡŰɞɑ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ɛɞɜɐɠ əŬŰŮɨɗɡɜůɖɠ əŬɘ ŭɘˊɚɐɠ əŬŰŮɨɗɡɜůɖɠ. 

Ƀɘ ŭɑɞŭɞɘ ɛɞɜɐɠ əŬŰŮɨɗɡɜůɖɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɘŬ ɛɖ ůɡɛɛŮŰɟɘəɐ əŬɛˊɨɚɖ ŰɎůɖɠ-ɟŮɨɛŬŰɞɠ, 

ŬɜŰɑɗŮŰŬ, ɞɘ ŭɘˊɚɐɠ əŬŰŮɨɗɡɜůɖɠ ŭɑɞŭɞɘ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɏɠ. ɇɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ əŬɛˊɡɚɩɜ 

ŬɡŰɩɜ ŮɑɜŬɘ ɧŰɘ ɏɢɞɡɜ ɛɘŬ ɛɖ ɔɟŬɛɛɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ŰɎůɖɠ əŬɘ Űɞɡɠ ɟŮɨɛŬŰɞɠ, ɏŰůɘ ɖ ŮɝŬɔɤɔɐ 

Űɞɡ ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ ůɖɛŮɑɞ ůŰɖ ˊɟɞůɞɛɞɑɤůɖ ŬɡŰɩɜ. 

ȷɡŰɧ Űɞ Ɏɟɗɟɞ ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ŬˊɞəɟɑůŮɘɠ Űɤɜ ŭɘɧŭɤɜ ˊŮɟɘɞɟɘůɛɞɨ ɡˊŮɟŰɎůŮɤɜ, 

ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɛˊɡɚɩɜ ŰɎůɖɠ-ɟŮɨɛŬŰɞɠ əŬɘ Űɘɠ 

ɛŮŰɟɞɚɞɔɘəɏɠ ˊɟɞəɚɐůŮɘɠ ˊɞɡ ŭɨɜŬŰŬɘ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ əŬɗɩɠ ɞɘ Űɘɛɏɠ Űɤɜ ɟŮɡɛɎŰɤɜ 

əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ ŰŬ ɛȷ ɏɤɠ əŬɘ ŰŬ kA. ɄŬɟɞɡůɘɎɕɞɜŰŬɘ ŬűŮɜɧɠ ɞ Ůɝɞˊɚɘůɛɧɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ůŰɘɠ ɛŮŰɟɐůŮɘɠ əŬɘ ŬűŮŰɏɟɞɡ ɖ ɛŮŰɟɞɨɛŮɜɖ Ŭˊɧəɟɘůɖ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ Ůɑŭɖ əŬŰŬˊɞɜɐůŮɤɜ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ŮűŬɟɛɞɔɩɜ ŮɜŬɚɚŬůůɧɛŮɜɖɠ ŰɎůɖɠ (AC) əŬɘ əɟɞɡůŰɘəɩɜ ɟŮɡɛɎŰɤɜ, 

Űɡˊɞˊɞɘɖɛɏɜɤɜ əŬɘ ɛɖ əɡɛŬŰɞɛɞɟűɩɜ.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ȷɜŰɘəŮɟŬɡɜɘəɐ ˊɟɞůŰŬůɑŬ, ŮˊɑˊŮŭŬ ˊɟɞůŰŬůɑŬɠ, əɟɞɡůŰɘəɎ ɟŮɨɛŬŰŬ, ˊɟɞůŰŬůɑŬ 

ɏɜŬɜŰɘ ɡˊŮɟŰɎůŮɤɜ 
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ɀ.Ƚ. ɇůɞɟŰŬɜɑŭɖ1, Ⱥ.Ʉ. Ɂɘəɞɚɞˊɞɨɚɞɡ1, Ʉ.Ⱦ. ɄŬˊŬůŰŬɛɎŰɖɠ1, ɉ. ɉɟɘůŰɞŭɞɨɚɞɡ1 əŬɘ Ƚ. ũəɧɜɞɠ1 
1Ɇɢɞɚɐ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ & ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ, Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ 

e-mail: el20045@mail.ntua.gr 

 

ȼ ɖɚŮəŰɟɞůŰŬŰɘəɐ ŮəűɧɟŰɘůɖ (ESD) ůɡɜɘůŰɎ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɟɧɓɚɖɛŬ ɔɘŬ Űɘɠ ɖɚŮəŰɟɞɜɘəɏɠ 

ŭɘŬŰɎɝŮɘɠ, Ŭűɞɨ ŮˊɖɟŮɎɕŮɘ ŬɟɜɖŰɘəɎ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, ŭɘŬŰŬɟɎůůɞɜŰŬɠ ɐ əŬɘ ŬəɧɛŬ 

əŬŰŬůŰɟɏűɞɜŰŬɠ ɖɚŮəŰɟɞɜɘəɎ ŮɝŬɟŰɐɛŬŰŬ əŬɘ ůɡůŰɐɛŬŰŬ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɞɘ ɖɚŮəŰɟɘəɏɠ 

ůɡůəŮɡɏɠ ˊɞɡ ˊɟɞɞɟɑɕɞɜŰŬɘ ɔɘŬ əɡəɚɞűɞɟɑŬ ůŰɖɜ ȺɡɟɤˊŬɥəɐ ŬɔɞɟɎ əŬɘ Ůˊɞɛɏɜɤɠ ɞűŮɑɚɞɡɜ ɜŬ 

űɏɟɞɡɜ ůɐɛŬɜůɖ CE, ɡˊɧəŮɘɜŰŬɘ ůŮ ŭɞəɘɛɏɠ ɔɘŬ ɏɚŮɔɢɞ Űɖɠ ŬŰɟɤůɑŬɠ Űɞɡɠ ůŰŬ ˊŬɟŬˊɎɜɤ 

űŬɘɜɧɛŮɜŬ, ɛŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ IEC 61000-4-2. ũɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɖɠ ŭɞəɘɛɐɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɑŬ 

ɔŮɜɜɐŰɟɘŬ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŮəűɞɟŰɑůŮɤɜ, ɖ ɞˊɞɑŬ ŮɔɢɏŮɘ ɟŮɨɛŬ ůɡɔəŮəɟɘɛɏɜɖɠ əɡɛŬŰɞɛɞɟűɐɠ 

ŬɜŬˊŬɟɎɔɞɜŰŬɠ Űɞ űŬɘɜɧɛŮɜɞ. ɋůŰɧůɞ, ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ɖ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ Űɖɠ ŭɞəɘɛɐɠ 

əŬɘ Űɞ ŮɔɢŮɧɛŮɜɞ ɟŮɨɛŬ ˊŬɟɞɡůɘɎɕɞɡɜ ŬɡɝɖɛɏɜŮɠ Űɘɛɏɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ŬɜɎɛŮůŬ ůŰɞɡɠ ɢŮɘɟɘůŰɏɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ Űɖ ŭɞəɘɛɐ əŬɘ ŰŬ ŮɟɔŬůŰɐɟɘŬ. ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɝŮŰɎɕŮɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ 

ɢŮɘɟɘůŰɐ ůŰɖɜ əɡɛŬŰɞɛɞɟűɐ ŮəűɧɟŰɘůɖɠ ESD, ŮɜůɤɛŬŰɩɜɞɜŰŬɠ Űɞɜ ɡˊɞɚɞɔɘůɛɧ əŬɘ Űɖ ɛŮɚɏŰɖ Űɖɠ 

ŬɓŮɓŬɘɧŰɖŰŬɠ ŬɡŰɐɠ, ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬɠ ɔɘŬ Űɘɠ ŭɘɎűɞɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ 

ɟŮɨɛŬŰɞɠ əŬɘ ɢɟɧɜɞɡ, ˊɞɡ ɞɟɑɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ˊɟɧŰɡˊɞ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ŬɓŮɓŬɘɧŰɖŰŬ, ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ, ŭɘŬəɟɑɓɤůɖ, ɖɚŮəŰɟɞůŰŬŰɘəɐ ŮəűɧɟŰɘůɖ, 

ɢŮɘɟɘůŰɐɠ 

ɀȺȿȺɇȼ ɇȼɆ ȷɁȷɄȷɅȷũɋũȽɀɃɇȼɇȷɆ ȷɁȷɀȺɆȷ ɆɇɃɈɆ ɉȺȽɅȽɆɇȺɆ ɀȽȷɆ 

ũȺɁɁȼɇɅȽȷɆ ȼȿȺȾɇɅɃɆɇȷɇȽȾɋɁ ȺȾūɃɅɇȽɆȺɋɁ Ⱦȷɇȷ ɇȼ ȹȽȺɂȷũɋũȼ ɇȼɆ 

ȹɃȾȽɀȼɆ ȷɇɅɋɆȽȷɆ ɆɈɀūɋɁȷ ɀȺ ɇɃ IEC 61000-4-2 

ɀȺȿȺɇȼ ɇȼɆ ȷɁȷɄȷɅȷũɋũȽɀɃɇȼɇȷɆ ȷɁȷɀȺɆȷ ɆɇɃɈɆ ɉȺȽɅȽɆɇȺɆ  

ɀȽȷɆ ũȺɁɁȼɇɅȽȷɆ ȼȿȺȾɇɅɃɆɇȷɇȽȾɋɁ ȺȾūɃɅɇȽɆȺɋɁ Ⱦȷɇȷ ɇȼ 

ȹȽȺɂȷũɋũȼ ɇȼɆ ȹɃȾȽɀȼɆ ȷɇɅɋɆȽȷɆ ɆɈɀūɋɁȷ ɀȺ ɇɃ IEC 61000-4-2 
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ȷůˊŬůɑŬ ɄŮŰɟɐ, ȹɖɛɐŰɟɖɠ ȾɞɡŰɞɡɜɑŭɖɠ, ȺɚŮɡɗŮɟɑŬ ȾŬɟɑɜɞɡ   

Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ, ɇɛɐɛŬ ɀɖ ȽɞɜŰɘɕɞɡůɩɜ ȷəŰɘɜɞɓɞɚɘɩɜ, ɄŬŰɟɘɎɟɢɞɡ ũɟɖɔɞɟɑɞɡ 

əŬɘ ɁŮŬˊɧɚŮɤɠ, ȷɔɑŬ ɄŬɟŬůəŮɡɐ, ɇ.Ū. 60092, ɇ.Ⱦ. 15341  

e-mail: aspasia.petri@eeae.gr  

  

ȼ Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ ůŰɘɠ 6 & 7/12/2023 ŭɘɞɟɔɎɜɤůŮ ɔɘŬ ŰɏŰŬɟŰɖ 

ŭɘŬŭɞɢɘəɐ űɞɟɎ ŭɘŮɟɔŬůŰɖɟɘŬəɏɠ ůɡɔəɟɘŰɘəɏɠ ɛŮŰɟɐůŮɘɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ ɡɣɖɚɩɜ 

ůɡɢɜɞŰɐŰɤɜ ɛŮ ůəɞˊɧ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŮˊɘŭɧůŮɤɜ Űɤɜ ŮɟɔŬůŰɖɟɑɤɜ ŰŬ ɞˊɞɑŬ 

ŭɟŬůŰɖɟɘɞˊɞɘɞɨɜŰŬɘ ůŰɘɠ Ůɜ ɚɧɔɤ ɛŮŰɟɐůŮɘɠ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ˊŮŭɑŬ ŭɞəɘɛɩɜ. ȺɘŭɘəɧŰŮɟŬ, ŰŬ 

ůɡɛɛŮŰɏɢɞɜŰŬ ŮɟɔŬůŰɐɟɘŬ əɚɐɗɖəŬɜ ɜŬ ɛŮŰɟɐůɞɡɜ Űɖɜ ɏɜŰŬůɖ Űɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ əŬɘ Űɖ 

ůɡɢɜɧŰɖŰŬ Ůəˊɞɛˊɐɠ, əŬɗɩɠ əŬɘ ɜŬ ɡˊɞɚɞɔɑůɞɡɜ Űɞɜ ɚɧɔɞ ɏəɗŮůɖɠ, Ŭˊɧ əŮɟŬɘɞŭɘŬŰɎɝŮɘɠ 

ŬɜŬɛŮŰɎŭɞůɖɠ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ ůŰɘɠ ɕɩɜŮɠ ůɡɢɜɞŰɐŰɤɜ 870-970 MHz əŬɘ 1700-1900 MHz (ŭɨɞ 

ɆŮɜɎɟɘŬ). Ƀɘ ɛŮŰɟɐůŮɘɠ ɏɔɘɜŬɜ ůŮ ŰɟŮɘɠ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ɗɏůŮɘɠ ɛɏŰɟɖůɖɠ əŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜɞ 

ɨɣɞɠ Ŭˊɧ Űɞ ɏŭŬűɞɠ (170 cm), ůŮ ŬɜɞɘɢŰɧ ɢɩɟɞ ŮɜŰɧɠ Űɖɠ ɏəŰŬůɖɠ Űɞɡ ȺȾȺūȺ çȹȼɀɃȾɅȽɇɃɆè. 

ũɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ Ŭˊɧ ŰŬ ŮɟɔŬůŰɐɟɘŬ ŭɡɞ ŬɜɘɢɜŮɡŰɏɠ, ɞ ˊɟɩŰɞɠ ɛŮ Ůɨɟɞɠ 27 

MHz ï 3 GHz əŬɘ ɞ ŭŮɨŰŮɟɞɠ ɛŮ Ůɨɟɞɠ 420 MHz ï 6 GHz. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ˊɟɞɏəɡɣŬɜ ŰɏůůŮɟɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ɛɏŰɟɖůɖɠ (ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ůɡɜŭɡŬůɛɧ ɆŮɜŬɟɑɞɡ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ ŬɜɘɢɜŮɡŰɐ). 

ȰɚŬɓŬɜ ɛɏɟɞɠ 8 űɞɟŮɑɠ ɛŮ ůɡɜɞɚɘəɎ 25 ŮɟɔŬůŰɐɟɘŬ (Labs). Ƀɘ ɛŮŰɟɐůŮɘɠ ŬɝɘɞɚɞɔɐɗɖəŬɜ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɡɠ ŭŮɑəŰŮɠ Ůˊɑŭɞůɖɠ z-score əŬɘ En-number. Ⱥˊɘˊɚɏɞɜ ŬˊɞŰɘɛɐɗɖəŮ ɖ ůɡɜɞɚɘəɐ 

Ůˊɑŭɞůɖ əɎɗŮ ŮɟɔŬůŰɖɟɑɞɡ əŬɘ ŮɜŰɞˊɑůŰɖəŬɜ ɞɘ ˊɘɗŬɜɞɑ ˊŬɟɎɔɞɜŰŮɠ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɐɠ Ůˊɑŭɞůɖɠ. 

ɄŬɟŬŭɧɗɖəŬɜ ůɡɜɞɚɘəɎ 615 ŬˊɞŰŮɚɏůɛŬŰŬ (ɛŮŰɟɞɨɛŮɜŬ əŬɘ ɡˊɞɚɞɔɘɕɧɛŮɜŬ ɛŮɔɏɗɖ ůŮ ɧɚŮɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ / ůŮɜɎɟɘŬ ɛɏŰɟɖůɖɠ) əŬɘ ɛɧɜɞ ůŮ 26 ŬˊɞŰŮɚɏůɛŬŰŬ ɖ Ůˊɑŭɞůɖ ŬɝɘɞɚɞɔɐɗɖəŮ ɤɠ ɛɖ 

ɘəŬɜɞˊɞɘɖŰɘəɐ ȳůɞɜ ŬűɞɟɎ ŰŬ ůɡɛɛŮŰɏɢɞɜŰŬ ŮɟɔŬůŰɐɟɘŬ, 18 ŬɝɘɞɚɞɔɐɗɖəŬɜ ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɐ 

Ůˊɑŭɞůɖ əŬɘ 7 ŮɟɔŬůŰɐɟɘŬ ɛŮ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɐ Ůˊɑŭɞůɖ, Ůə Űɤɜ ɞˊɞɑɤɜ 3 ŮɑɢŬɜ ɛɧɜɞ 

ˊɟɞŮɘŭɞˊɞɘɖŰɘəɎ ůɐɛŬŰŬ, ůŮ əɎˊɞɘŬ ɛŮɔɏɗɖ, Ůɜɩ ŰŬ ɡˊɧɚɞɘˊŬ 4 ŮɑɢŬɜ əŬɘ ůɐɛŬŰŬ ŭɟɎůɖɠ. ȾŬɛɑŬ 

ˊŮɟɑˊŰɤůɖ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɐɠ Ůˊɑŭɞůɖɠ ŭŮɜ ŬűɞɟɞɨůŮ Űɖ ɛɏŰɟɖůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Ůəˊɞɛˊɐɠ. 

ɆɢŮŭɧɜ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɐ Ůˊɑŭɞůɖ ůŰɞ ɛŮŰɟɞɨɛŮɜɞ ɛɏɔŮɗɞɠ Űɖɠ ɏɜŰŬůɖɠ 

Űɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ, ůɖɛŮɘɩɗɖəŮ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɐ Ůˊɑŭɞůɖ əŬɘ ůŰɞ ŬɜŰɑůŰɞɘɢɞ ɡˊɞɚɞɔɘɕɧɛŮɜɞ 

ɛɏɔŮɗɞɠ (ɚɧɔɞɠ ɏəɗŮůɖɠ) ůŰŬ ɑŭɘŬ ůɖɛŮɑŬ ɛɏŰɟɖůɖɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ əŬɗɩɠ ɞ 

ɚɧɔɞɠ ɏəɗŮůɖɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛŮ ɓɎůɖ Űɖɜ Űɘɛɐ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ. ȼ ŬɜɎɚɡůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ŬɜɏŭŮɘɝŮ ɤɠ ˊɘɗŬɜɏɠ ˊɖɔɏɠ ůűŬɚɛɎŰɤɜ əɡɟɑɤɠ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ɟɡɗɛɑůŮɘɠ Űɞɡ 

Ůɝɞˊɚɘůɛɞɨ ɛɏŰɟɖůɖɠ əŬɘ ŰŬ ŮɡɟɐɛŬŰŬ ˊŬɟŮɑɢŬɜ ɢɟɐůɘɛŬ ůɡɛˊŮɟɎůɛŬŰŬ ůŰŬ ůɡɛɛŮŰɏɢɞɜŰŬ 

ŮɟɔŬůŰɐɟɘŬ ɔɘŬ Űɖɜ ɞɟɗɧŰŮɟɖ ŭɘŮɝŬɔɤɔɐ Űɤɜ ɛŮŰɟɐůŮɤɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ ɡɣɖɚɩɜ 

ůɡɢɜɞŰɐŰɤɜ.    

  

ȿɏɝŮɘɠ ȾɚŮɘŭɘɎ: ŭɘŮɟɔŬůŰɖɟɘŬəɏɠ ɛŮŰɟɐůŮɘɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ ɡɣɖɚɩɜ ůɡɢɜɞŰɐŰɤɜ, z-

score, En-number, ůɡɔəŮɜŰɟɤŰɘəɧɠ ŭŮɑəŰɖɠ Ůˊɑŭɞůɖɠ  

 

ȹȽȺɅũȷɆɇȼɅȽȷȾȺɆ ɆɈũȾɅȽɇȽȾȺɆ ɀȺɇɅȼɆȺȽɆ  

ȼȿȺȾɇɅɃɀȷũɁȼɇȽȾɋɁ ɄȺȹȽɋɁ ɈɊȼȿɋɁ ɆɈɉɁɃɇȼɇɋɁ:  

Ƀ ȹȭ ȾɈȾȿɃɆ ɇɃɈ ɆɉȼɀȷɇɃɆ 
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Ⱥ. Ʉ. Ɂɘəɞɚɞˊɞɨɚɞɡ1, ȹ. ȾɞɡŰɞɡɜɑŭɖɠ2, ȷ. ɄŮŰɟɐ2 əŬɘ Ƚ. ū. ũəɧɜɞɠ1   
1ȺɟɔŬůŰɐɟɘɞ Ɉɣɖɚɩɜ ɇɎůŮɤɜ əŬɘ ȼɚŮəŰɟɘəɩɜ ɀŮŰɟɐůŮɤɜ Ⱥ.ɀ.Ʉ., ȼɟɩɤɜ ɄɞɚɡŰŮɢɜŮɑɞɡ 9, ȻɤɔɟɎűɞɡ  

2ɇɛɐɛŬ ɀɖ ȽɞɜŰɘɕɞɡůɩɜ ȷəŰɘɜɞɓɞɚɘɩɜ Ⱥ.Ⱥ.ȷ.Ⱥ., ɄŬŰɟɘɎɟɢɞɡ ũɟɖɔɞɟɑɞɡ Ⱥô əŬɘ ɁŮŬˊɧɚŮɤɠ 27, ȷɔɑŬ 

ɄŬɟŬůəŮɡɐ  

email: hveleni@mail.ntua.gr  

  

ȼ Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ (Ⱥ.Ⱥ.ȷ.Ⱥ.) ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞ ȺɟɔŬůŰɐɟɘɞ 

Ɉɣɖɚɩɜ ɇɎůŮɤɜ Űɞɡ Ⱥ.ɀ.Ʉ. ɏɢɞɡɜ ɗɏůŮɘ ůŮ ŮűŬɟɛɞɔɐ ɏɜŬ ˊɟɧɔɟŬɛɛŬ ŭɘŮɟɔŬůŰɖɟɘŬəɩɜ 

ůɡɔəɟɘŰɘəɩɜ ɛŮŰɟɐůŮɤɜ ɖɚŮəŰɟɘəɩɜ əŬɘ ɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ ɢŬɛɖɚɩɜ ůɡɢɜɞŰɐŰɤɜ. ȼ Ŭɝɘɞɚɧɔɖůɖ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ŰŮůůɎɟɤɜ ˊɟɩŰɤɜ əɨəɚɤɜ ɛŮŰɟɐůŮɤɜ, ɞɘ ɞˊɞɑŮɠ ŭɘŮɝɐɢɗɖůŬɜ Űɞ 2009, Űɞ 

2013, Űɞ 2016 əŬɘ Űɞ 2022, ŬɜɏŭŮɘɝŮ Űɖɜ ŬɜŬɔəŬɘɧŰɖŰŬ ůɡɜŮɢɞɨɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ əŬɘ Ůɚɏɔɢɞɡ Űɖɠ 

ŰŮɢɜɘəɐɠ ŮˊɎɟəŮɘŬɠ Ůɜɧɠ ŮɟɔŬůŰɖɟɑɞɡ, ɛɏůɤ Űɖɠ ůɡɛɛŮŰɞɢɐɠ Űɞɡ ůŮ ůɢɐɛŬŰŬ ŭɞəɘɛɩɜ ɘəŬɜɧŰɖŰŬɠ, 

ɛŮ ůŰɧɢɞ Űɖ ŭɘŬɟəɐ ɓŮɚŰɑɤůɖ Űɖɠ Ůˊɑŭɞůɐɠ Űɞɡ.   

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ˊɏɛˊŰɞɠ əɨəɚɞɠ Űɞɡ ůɢɐɛŬŰɞɠ, ɞ ɞˊɞɑɞɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞ 2024, ŮɜŰɧɠ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ Ɉɣɖɚɩɜ ɇɎůŮɤɜ əŬɘ ȼɚŮəŰɟɘəɩɜ ɀŮŰɟɐůŮɤɜ 

Ⱥ.ɀ.Ʉ., ŬɝɘɞˊɞɘɩɜŰŬɠ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ əŬɘ Űɖɜ ŮɛˊŮɘɟɑŬ ˊɞɡ ɏɢŮɘ ŬˊɞəŰɖɗŮɑ Ŭˊɧ Űɞɡɠ 

ˊɟɞɖɔɞɨɛŮɜɞɡɠ əɨəɚɞɡɠ. ɆŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ, ɏɔɘɜŮ əŬŰŬɔɟŬűɐ Űɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ, ˊɏɟɘɝ Ůɜɧɠ 

ˊɟɞůɞɛɞɘɩɛŬŰɞɠ ɔɟŬɛɛɐɠ ɛŮŰŬűɞɟɎɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɛɏůɖɠ ŰɎůɖɠ, Ůɜɩ. ůŰɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ, 

ŰŬ ůɡɛɛŮŰɏɢɞɜŰŬ ȺɟɔŬůŰɐɟɘŬ ɏɚŬɓŬɜ ɛŮŰɟɐůŮɘɠ Űɞɡ ˊŬɟŬɔɞɛɏɜɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ Ŭˊɧ ɏɜŬ 

əŬɚɩŭɘɞ ɛɏůɖɠ ŰɎůɖɠ. Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ɗɏůŮɘɠ, ˊɞɡ ŬˊŮɑɢŬɜ 

ůɡɔəŮəɟɘɛɏɜŮɠ ŬˊɞůŰɎůŮɘɠ, Ŭˊɧ Űɘɠ ˊɖɔɏɠ Űɤɜ ˊŮŭɑɤɜ. ɆŰɞ ŰɟɑŰɞ əŬɘ ŰŮɚŮɡŰŬɑɞ ůŰɎŭɘɞ, ŰŬ 

ůɡɛɛŮŰɏɢɞɜŰŬ ȺɟɔŬůŰɐɟɘŬ ɏˊɟŮˊŮ ɜŬ ɛŮŰɟɐůɞɡɜ Űɞ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ əŬɘ Űɖ ůɡɢɜɧŰɖŰŬ ůŰɞ əɏɜŰɟɞ 

Ůɜɧɠ ŰŮŰɟŬɔɤɜɘəɞɨ ˊɖɜɑɞɡ, ŭɘŬɟɟŮɞɛɏɜɞɡ Ŭˊɧ ɟŮɨɛŬ ɎɔɜɤůŰɖɠ, ɔɘŬ ŬɡŰɞɨɠ, Űɘɛɐɠ əŬɘ ůɡɢɜɧŰɖŰŬɠ.  

ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŭɘŮɟɔŬůŰɖɟɘŬəɩɜ ɛŮŰɟɐůŮɤɜ 

ůŰɖɟɑɕŮŰŬɘ ůŰɖ ɢɟɐůɖ Űɞɡ ůŰŬŰɘůŰɘəɞɨ ŭŮɑəŰɖ z score ɤɠ ɓŬɗɛɞɨ Ůˊɑŭɞůɖɠ, əŬŰɧˊɘɜ ŮűŬɟɛɞɔɐɠ Űɞɡ 

ŬɜɗŮəŰɘəɞɨ (robust) Ŭɚɔɞɟɑɗɛɞɡ A əŬŰɎ ISO 13528, ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŮəŰɘɛɐŰɟɘŬɠ Űɘɛɐɠ əŬɘ 

Űɖɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ ɔɘŬ əɎɗŮ ɗɏůɖ ɛɏŰɟɖůɖɠ. ȼ ůɡɜɞɚɘəɐ Ůˊɑŭɞůɖ əɎɗŮ ȺɟɔŬůŰɖɟɑɞɡ ŬɜɎ 

ɛŮŰɟɞɨɛŮɜɞ ɛɏɔŮɗɞɠ ŬɝɘɞɚɞɔŮɑŰŬɘ ɓɎůŮɘ ůɡɔəŮɜŰɟɤŰɘəɩɜ ŭŮɘəŰɩɜ əŬɘ ŭɘŬɔɟŬɛɛɎŰɤɜ. ɆŰɖɜ 

Ŭɝɘɞɚɧɔɖůɖ ŮɜůɤɛŬŰɩɗɖəŮ əŬɘ ɖ ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ ɛɏŰɟɖůɖɠ, ɡˊɞɚɞɔɘůɛɏɜɖ Ŭˊɧ ŰŬ ůɡɛɛŮŰɏɢɞɜŰŬ 

ȺɟɔŬůŰɐɟɘŬ, əŬɘ ɏɔɘɜŮ ɢɟɐůɖ Űɤɜ ɓŬɗɛɩɜ En ɤɠ ŮɜŬɚɚŬəŰɘəɩɜ ŭŮɘəŰɩɜ Ůˊɑŭɞůɖɠ. ɇɏɚɞɠ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ (ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŬɓŮɓŬɘɧŰɖŰɏɠ Űɞɡɠ) ɧɚɤɜ Űɤɜ 

ůɡɛɛŮŰŮɢɧɜŰɤɜ, ůŮ ŭɘŬɔɟɎɛɛŬŰŬ, ůɡɔəɟɘɜɧɛŮɜŬ ɛŮ Űɞɜ ɛɏůɞ ɧɟɞ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ 

əŬɚɡŰɏɟɤɜ (ůɨɛűɤɜŬ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ z score) ȺɟɔŬůŰɖɟɑɤɜ. ɆɢɞɚɘɎɕŮŰŬɘ, Ůˊɑůɖɠ, ɖ 

ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ ŮˊɘŭɧůŮɤɜ ůɡɛɛŮŰŮɢɧɜŰɤɜ, ˊɞɡ ŮɑɢŬɜ ůɡɛɛŮŰɎůɢŮɘ ůŰɞɡɠ ˊɟɞɖɔɞɨɛŮɜɞɡɠ 

əɨəɚɞɡɠ, əŬɗɩɠ əŬɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ˊɘɗŬɜɏɠ ˊɖɔɏɠ ɛŮɑɤůɖɠ Űɖɠ Ůˊɑŭɞůɖɠ Űɤɜ 

ůɡɛɛŮŰŮɢɧɜŰɤɜ.   

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ŭɘŮɟɔŬůŰɖɟɘŬəɏɠ ɛŮŰɟɐůŮɘɠ, ɖɚŮəŰɟɘəɎ əŬɘ ɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ ɢŬɛɖɚɩɜ ůɡɢɜɞŰɐŰɤɜ, z 

score, En score, ˊŬɟɎɔɞɜŰŮɠ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɐɠ Ůˊɑŭɞůɖɠ  

ȹȽȺɅũȷɆɇȼɅȽȷȾȺɆ ɆɈũȾɅȽɇȽȾȺɆ ɀȺɇɅȼɆȺȽɆ  

ȼȿȺȾɇɅȽȾɋɁ ȾȷȽ ɀȷũɁȼɇȽȾɋɁ ɄȺȹȽɋɁ ɉȷɀȼȿɋɁ ɆɈɉɁɃɇȼɇɋɁ:  

Ƀ ɄȺɀɄɇɃɆ ȾɈȾȿɃɆ ɇɃɈ ɆɉȼɀȷɇɃɆ 



42 

Ηλεκτρικές μετρήσεις 

 

ID: 056 

 

ȹɖɛɐŰɟɖɠ ȾɞɡŰɞɡɜɑŭɖɠ, ȹɘɞɜɨůɘɞɠ ɇůŬɟɞɨɢŬɠ, ȺɚŮɡɗŮɟɑŬ ȾŬɟɑɜɞɡ, Ⱥɡɗɨɛɘɞɠ ȾŬɟŬɛˊɏŰůɞɠ   

Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ   

ɄŬŰɟɘɎɟɢɞɡ ũɟɖɔɞɟɑɞɡ əŬɘ ɁŮŬˊɧɚŮɤɠ, ȷɔɑŬ ɄŬɟŬůəŮɡɐ, ɇ.Ū. 60092, ɇ.Ⱦ. 15341  

e-mail: dimitris.koutounidis@eeae.gr  

   

ɆŰɞ ˊɟɧŰɡˊɞ ȺȿɃɇ ȺɁ 61786-1:2014 ˊŮɟɘɔɟɎűɞɜŰŬɘ ɞɘ ˊɟɞŭɘŬɔɟŬűɏɠ Űɤɜ ɞɟɔɎɜɤɜ ɔɘŬ 

ɛŮŰɟɐůŮɘɠ ɢŬɛɖɚɧůɡɢɜɞɡ ɖɚŮəŰɟɘəɞɨ əŬɘ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ, əŬɗɩɠ əŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɖ 

ɓŬɗɛɞɜɧɛɖůɖ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ (ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ əŬɘ ɛɖ) ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. ȳɚŬ ŰŬ ŬɜɤŰɏɟɤ ˊɟɏˊŮɘ 

ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɔɘŬ Űɖ ŭɘŬůűɎɚɘůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ əŬŰɎ Űɘɠ ŮˊɘŰɧˊɘŮɠ ɛŮŰɟɐůŮɘɠ əŬɘ Űɖɜ 

Ŭˊɞűɡɔɐ ŮůűŬɚɛɏɜɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ.   

ȰɜŬɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ɢɟɐɕŮɘ ɘŭɘŬɑŰŮɟɖɠ ˊɟɞůɞɢɐɠ ŮɑɜŬɘ Űɞ ˊɞůɞůŰɧ ɡɔɟŬůɑŬɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ 

əŬŰɎ Űɖ ŭɘŮɝŬɔɤɔɐ ɛŮŰɟɐůŮɤɜ. ȼ ȺȺȷȺ ˊɟŬɔɛŬŰɞˊɞɘŮɑ ɛŮŰɟɐůŮɘɠ ɢŬɛɖɚɧůɡɢɜɤɜ ˊŮŭɑɤɜ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ, ɛŮŰŬɝɨ Ɏɚɚɤɜ, Űɞ ɧɟɔŬɜɞ EFA-300 Űɖɠ Narda STS GmbH. ɄɟɧəŮɘŰŬɘ ɔɘŬ 

űɞɟɖŰɐ ɣɖűɘŬəɐ ɛɞɜɎŭŬ ɛɏŰɟɖůɖɠ ˊŮŭɑɞɡ ɔɘŬ ɘůɞŰɟɞˊɘəɏɠ əŬɘ ɛɖ, ɛŮŰɟɐůŮɘɠ, ɛŮ ŬɜŰɑůŰɞɘɢɞ Ůɨɟɞɠ 

űɎůɛŬŰɞɠ ɛŮŰɟɐůŮɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ 5 Hz - 32 kHz. ɆɨɛűɤɜŬ ɛŮ Űɞ ŮɔɢŮɘɟɑŭɘɞ ɢɟɐůɖɠ, Űɞ ɧɟɔŬɜɞ 

ɚŮɘŰɞɡɟɔŮɑ ŬɝɘɧˊɘůŰŬ ɡˊɧ ůɡɜɗɐəŮɠ ɡɔɟŬůɑŬɠ, Ŭˊɧ 5% - 85%. ɆŰɞ ɄŬɟɎɟŰɖɛŬ F Űɞɡ ˊɟɞŰɨˊɞɡ 

ȺȿɃɇ ȺɁ 61786-1, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭɞəɘɛɩɜ ůŮ əɚɘɛŬŰɘəɧ ɗɎɚŬɛɞ ɛɏŰɟɖůɖɠ ůŮ 

əɎɗŮŰɞ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ Űɖɠ ŰɎɝɖɠ Űɤɜ 10 kV/m, ɛŮ ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɔɨɟɤ ůŰɞɡɠ 20ɞ C 

əŬɘ Ůɨɟɞɠ ɡɔɟŬůɑŬɠ Ŭˊɧ 20% ɏɤɠ 100%. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ɔɘŬ ɡɔɟŬůɑŬ ɏɤɠ 70% ɞɘ 

ɛŮŰɟɐůŮɘɠ ˊŬɟŬɛɏɜɞɡɜ ŬəɟɘɓŮɑɠ, Ůɜɩ ɔɘŬ ɡɔɟŬůɑŬ ˊɎɜɤ Ŭˊɧ 70% ˊŬɟŬŰɖɟɐɗɖəŬɜ ŬˊɞəɚɑůŮɘɠ ɏɤɠ 

əŬɘ 7 űɞɟɏɠ ɛŮɔŬɚɨŰŮɟŮɠ.  

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŮˊɘŰɧˊɘɤɜ ɛŮŰɟɐůŮɤɜ Ŭˊɧ ůɡɜŮɟɔŮɑɞ Űɖɠ ȺȺȷȺ ɞɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ 

ɛŮŰŬɓɚɐɗɖəŬɜ ŬˊɧŰɞɛŬ, ɛŮ Űɖɜ ɡɔɟŬůɑŬ ɜŬ ɝŮˊŮɟɜɎ Űɞ 70%. ȷɡŰɧ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ, ůɖɛŬɜŰɘəɏɠ 

ŭɘŬűɞɟɏɠ ůŰɘɠ Űɘɛɏɠ Űɞɡ ɛŮŰɟɞɨɛŮɜɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ 

ɛŮŰɟɐůŮɘɠ ůŰŬ ɑŭɘŬ ůɖɛŮɑŬ. ȺɘŭɘəɧŰŮɟŬ, əɎŰɤ Ŭˊɧ ɔɟŬɛɛɐ ɛŮŰŬűɞɟɎɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

ɡˊŮɟɡɣɖɚɐɠ ŰɎůɖɠ (400 kV) ŭɘˊɚɞɨ əɡəɚɩɛŬŰɞɠ ɛŮ ŭɑŭɡɛɞɡɠ Ŭɔɤɔɞɨɠ ŬɜɎ űɎůɖ ŮɑɢŬɜ əŬŰŬɔɟŬűŮɑ 

ˊɟɞɖɔɞɡɛɏɜɤɠ Űɘɛɏɠ Űɖɠ ŰɎɝɖɠ Űɤɜ 4 kV/m, Ůɜɩ ůŮ ůɡɜɗɐəŮɠ ɡɔɟŬůɑŬɠ Ɏɜɤ Űɞɡ 70% Űɞ ɧɟɔŬɜɞ 

ɏŭŮɘɝŮ Űɘɛɐ ɏɤɠ əŬɘ 6 űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɖ.   

ȼ ŮˊɑŭɟŬůɖ Űɖɠ ɡɔɟŬůɑŬɠ ůŰɘɠ ɛŮŰɟɞɨɛŮɜŮɠ Űɘɛɏɠ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ ˊɟɏˊŮɘ ˊɎɜŰŬ ɜŬ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɛɖ əŬɜɞɜɘəɐ əŬɘ ɞɟɗɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɛŮŰɟɖŰɘəɞɨ 

Ůɝɞˊɚɘůɛɞɨ əŬɘ Űɖɜ əŬŰŬɔɟŬűɐ ŬɜŬəɟɘɓɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. Ƀɘ ɛŮŰɟɐůŮɘɠ ŬɡŰɏɠ ˊɟɏˊŮɘ ɜŬ 

ŬˊɞɟɟɑˊŰɞɜŰŬɘ əŬɘ ɜŬ ŮˊŬɜŬɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧ ŮɚŮɔɢɧɛŮɜŮɠ ůɡɜɗɐəŮɠ.  

  

ȿɏɝŮɘɠ ȾɚŮɘŭɘɎ: ɔɟŬɛɛɏɠ ɛŮŰŬűɞɟɎɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɛɏŰɟɖůɖ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ, ŮˊɑŭɟŬůɖ 

ɡɔɟŬůɑŬɠ, ɄɟɧŰɡˊɞ ȺȿɃɇ ȺɁ 61786-1:2014  

ȺɄȽ ɇɃɄɃɈ ɀȺɇɅȼɆȺȽɆ ɉȷɀȼȿɃɆɈɉɁɃɈ ȼȿȺȾɇɅȽȾɃɈ ɄȺȹȽɃɈ  

ɆȺ ɄȺɅȽȸȷȿȿɃɁ ɀȺ ɈɊȼȿȷ ȺɄȽɄȺȹȷ ɈũɅȷɆȽȷɆ 
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ID: 089 

 

ȾɩɜůŰŬɠ ɉ1 əŬɘ ɄŬˊŬŭɎəɞɠ ũ.2  
1ȺɟɔŬůŰɐɟɘɞ ɆɡůŰɖɛɎŰɤɜ ȷˊɞűɎůŮɤɜ əŬɘ ȹɘɞɑəɖůɖɠ, Ɇɢɞɚɐ ȼɀɀɈ ȺɀɄ  

2Ɇɨɛɓɞɡɚɞɠ ɆɡůŰɖɛɎŰɤɜ ȹɘŬɢŮɑɟɘůɖɠ əŬɘ ɀŮŰɟɞɚɞɔɑŬɠ, RPE, CEA  

e-mail: ckonstas@epu.ntua.gr  

  

ȼ ɢɟɐůɖ ɔɟŬɛɛɩɜ ɓɎůɖɠ ɔɘŬ Űɘɠ əŬŰŬɜŬɚɩůŮɘɠ ŮɜɏɟɔŮɘŬɠ ůŰɞ ˊɚŬɑůɘɞ ŮɜŮɟɔŮɘŬəɩɜ Ůɚɏɔɢɤɜ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɤɜ ŮˊŮɛɓɎůŮɤɜ ˊɞɡ ˊɟɞŰŮɑɜɞɜŰŬɘ əŬɘ ŮűŬɟɛɧɕɞɜŰŬɘ 

ůŰɖɜ ŬɝɘɞɚɞɔɞɨɛŮɜɖ ŭɘŮɟɔŬůɑŬ ɐ ŮɔəŬŰɎůŰŬůɖ. Ⱥɜɩ ɖ ˊɟɞůŬɟɛɞɔɐ ˊɞɚɡˊŬɟŬɛŮŰɟɘəɞɨ ɛɞɜŰɏɚɞɡ 

ůŮ ŭŮŭɞɛɏɜŬ ɛŮŰɟɐůŮɤɜ ɐ/əŬɘ əŬŰŬɜŬɚɩůŮɤɜ ɛˊɞɟŮɑ ɜŬ əɟɑɜŮŰŬɘ ůɡɜɞɚɘəɎ ŮˊɘŰɡɢɐɠ, ůɨɛűɤɜŬ ɛŮ 

ŰŬ ŬɜŰɑůŰɞɘɢŬ ůŰŬŰɘůŰɘəɎ əɟɘŰɐɟɘŬ, ŬɡŰɧ ŭŮɜ ůɡɜŮˊɎɔŮŰŬɘ, ŬˊŬɟŬɑŰɖŰŬ, Űɖɜ ŬɜɎɚɞɔɖ ůŰŬŰɘůŰɘəɐ 

ůɖɛŬɜŰɘəɧŰɖŰŬ əŬŰɎ Űɖ ɢɟɐůɖ Űɤɜ Űɘɛɩɜ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ Űɖɠ ɔɘŬ ŮɟɛɖɜŮɑŬ əŬŰɎ Űɞɜ ŮˊɘɛŮɟɘůɛɧ 

Űɤɜ əŬŰŬɜŬɚɩůŮɤɜ ŬɜɎ ɢɟɐůɖ. ɆŮ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ 

əŬɚɐɠ ˊɟŬəŰɘəɐɠ ůŰŬ ɞˊɞɑŬ ɖ ɢɟɐůɖ Űɤɜ Űɘɛɩɜ Űɞɡ ˊɞɚɡˊŬɟŬɛŮŰɟɘəɞɨ ɛɞɜŰɏɚɞɡ ɔɟŬɛɛɐɠ ɓɎůɖɠ 

ɔɘŬ Űɖɜ ŮɜɏɟɔŮɘŬ ŬˊɞŭɑŭŮɘ ŬɝɘɧˊɘůŰŮɠ ŮəŰɘɛɐůŮɘɠ Ůɝɞɘəɞɜɧɛɖůɖɠ ŮɜɏɟɔŮɘŬɠ. ɇŬɡŰɧɢɟɞɜŬ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊŮɟɘˊŰɩůŮɤɜ ˊɞɡ ɖ ɢɟɐůɖ Űɤɜ Űɘɛɩɜ ŬɡŰɩɜ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ˊŬɟŮɟɛɖɜŮɑŬ əŬŰɎ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ əŬŰŬɜŬɚɩůŮɤɜ ɛŮŰɎ 

Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ ɛɘŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮˊɏɛɓŬůɖɠ.  

  

ȿɏɝŮɘɠ ȾɚŮɘŭɘɎ: ůŰŬŰɘůŰɘəɐ ůɖɛŬɜŰɘəɧŰɖŰŬ ůɡɜŰŮɚŮůŰɩɜ ˊɞɚɡˊŬɟŬɛŮŰɟɘəɞɨ ɛɞɜŰɏɚɞɡ, ɔɟŬɛɛɐ ɓɎůɖɠ 

ɔɘŬ Űɘɠ əŬŰŬɜŬɚɩůŮɘɠ ŮɜɏɟɔŮɘŬɠ  

 

 

ȼ ɆȼɀȷɆȽȷ ɇȼɆ ȷȸȺȸȷȽɃɇȼɇȷɆ ɇɋɁ ɇȽɀɋɁ ɆɈɁɇȺȿȺɆɇɋɁ 

ɄɃȿɈɄȷɅȷɀȺɇɅȽȾȼɆ ũɅȷɀɀȼɆ ȸȷɆȼɆ ũȽȷ ɇȽɆ ȾȷɇȷɁȷȿɋɆȺȽɆ 

ȺɁȺɅũȺȽȷɆ Ⱦȷɇȷ ɇȼ ɉɅȼɆȼ ɇɃɈɆ ɆȺ ȺɁȺɅũȺȽȷȾɃ ȺȿȺũɉɃ 
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Χημικές μετρήσεις Ι 

 

ID: 021 

 

Ⱥ. ɆŰŬɗɞɡŭɎəɖ1, Ʉ. ũɘŬɜɜɘəɞˊɞɨɚɞɡ1, ȹ. ȾŬɗɎɟɘɞɠ2, ũ. ȾŬɟŬɜɘəɞɚɧˊɞɡɚɞɠ1, Ȼ. ȾŮɢŬɔɘɎ3  

Ƚ. Ⱦɡɟɑəɞɡ2, Ɇ. ȾɤŰůɞɓɧɚɞɡ2, Ʉ. ɆŰŬɛŬŰɘɎŭɖɠ2, Ⱥ. ɆəɞŰɘŭɎəɖ1, ȸ. ɆɢɞɘɜɎ1, M. ɇɕɐəŬ3,  

ȷ. ɄŬɜŬɔɘɤŰɞˊɞɨɚɞɡ4, ȼ. ȾŬəɞɡɚɑŭɖɠ1  
1ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ, ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ɀŮŰɟɞɚɞɔɑŬɠ, ȷ. ɇůɧɢŬ 16, 115 21 ȷɗɐɜŬ 

2ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ɄŮɘɟŬɘɎ, ȷəŰɐ Ⱦɞɜŭɨɚɖ 32 & ȷɘŰɤɚɘəɞɨ, 185 45, ɄŮɘɟŬɘɎɠ 
3ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ȾŮɜŰɟɘəɐɠ ɀŬəŮŭɞɜɑŬɠ, ɁŬɡɎɟɢɞɡ ȸɧŰůɖ 1, 546 25, ŪŮůůŬɚɞɜɑəɖ 
4Ⱥɟɔ. ūŬůɛŬŰɞůəɞˊɑŬɠ NMR, ȺȾȺūȺ ȹɖɛɧəɟɘŰɞɠ, 15310-2 ȷɔɑŬ ɄŬɟŬůəŮɡɐ ȷŰŰɘəɐɠ 

e-mail: metrology.gcsl@aade.gr  

  

ȼ ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ɀŮŰɟɞɚɞɔɑŬɠ Űɞɡ ũŮɜɘəɞɨ ɉɖɛŮɑɞɡ Űɞɡ ȾɟɎŰɞɡɠ, ůɢŮŭɑŬůŮ əŬɘ ɡɚɞˊɞɑɖůŮ 

Űɖ ŭɘŮɟɔŬůŰɖɟɘŬəɐ ɛŮɚɏŰɖ Ⱥɉȼɀ MARKER 24, ɩůŰŮ  ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Ůˊɑŭɞůɖɠ Űɤɜ ɛŮɗɧŭɤɜ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ Ůɗɜɘəɩɜ ɘɢɜɖɗŮŰɩɜ ɛɞɟɘŬəɐɠ ŰŮɢɜɞɚɞɔɑŬɠ ůŮ ɡɔɟɎ 

əŬɨůɘɛŬ: Tracerco FT39 (ŮɜŮɟɔɧ ůɡůŰŬŰɘəɧ 1,3,5-Űɟɘɘůɞˊɟɞˊɡɚɞ-ɓŮɜɕɧɚɘɞ) ůŮ ˊŮŰɟɏɚŬɘɞ 

ɗɏɟɛŬɜůɖɠ əŬɘ Tracerco FT36 (ŮɜŮɟɔɧ ůɡůŰŬŰɘəɧ 1,3,5-Űɟɘɠ(1,1-ŭɘɛŮɗɡɚŬɘɗɡɚ)ɓŮɜɕɧɚɘɞ) ůŮ 

ˊŮŰɟɏɚŬɘɞ ŮůɤŰŮɟɘəɐɠ əŬɨůɖɠ ˊɚɞɑɤɜ əŬɘ ɜŰɑɕŮɚ ˊɚɞɑɤɜ. ȼ ŭɘŮɟɔŬůŰɖɟɘŬəɐ ɛŮɚɏŰɖ ˊɚɖɟɞɑ Űɘɠ 

ŬˊŬɘŰɐůŮɘɠ Űɤɜ ˊɟɞŰɨˊɤɜ ISO/IEC 17043, ISO 4259-1 əŬɘ ISO 5725-2. ɄŬɟɞɡůɘɎɕŮŰŬɘ ɖ 

ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ Űɤɜ ŭɞəɘɛɑɤɜ (19 ŭɘŬűɞɟŮŰɘəɎ ŭŮɑɔɛŬŰŬ ůŮ ŭɘɎűɞɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ŬɜŬɚɡŰɩɜ əŬɘ ɡˊɞůŰɟɤɛɎŰɤɜ), Űɞ ůɢŮŭɘŬůŰɘəɧ ˊɟɤŰɧəɞɚɚɞ ˊɞɡ ŮűŬɟɛɧůŰɖəŮ Ŭˊɧ ŰŬ 

ůɡɛɛŮŰɏɢɞɜŰŬ ŮɟɔŬůŰɐɟɘŬ, ɖ ůŰŬŰɘůŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ  Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ  

Űɖɠ ɛŮɚɏŰɖɠ.  

ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ˊŬɟɞɡůɘɎɕŮŰŬɘ Ůˊɑůɖɠ ɞ ůɢŮŭɘŬůɛɧɠ, ɖ ˊŬɟŬɔɤɔɐ, ɞɘ ɛŮɚɏŰŮɠ ɔɘŬ Űɖɜ 

ŮəŰɑɛɖůɖ Űɖɠ ɞɛɞɘɞɔɏɜŮɘŬɠ, Űɖɠ ɓɟŬɢɡɢɟɧɜɘŬɠ əŬɘ Űɖɠ ɛŬəɟɞɢɟɧɜɘŬɠ ůŰŬɗŮɟɧŰɖŰŬɠ əŬɘ ɞ 

ɢŬɟŬəŰɖɟɘůɛɧɠ ŰŮůůɎɟɤɜ ˊɘůŰɞˊɞɘɖɛɏɜɤɜ ɡɚɘəɩɜ ŬɜŬűɞɟɎɠ (ɄɈȷ) Űɤɜ ɘɢɜɖɗŮŰɩɜ ŬɡŰɩɜ, 

ůɨɛűɤɜŬ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ˊɟɧŰɡˊɞɡ ISO 17034.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ŭɘŮɟɔŬůŰɖɟɘŬəɐ ɛŮɚɏŰɖ, ɡɔɟɎ əŬɨůɘɛŬ, Ůɗɜɘəɞɑ ɘɢɜɖɗɏŰŮɠ ɡɔɟɩɜ əŬɡůɑɛɤɜ, 

ˊɘůŰɞˊɞɘɖɛɏɜŬ ɡɚɘəɎ ŬɜŬűɞɟɎɠ (ɄɈȷ) 

ȺŪɁȽȾɃȽ ȽɉɁȼŪȺɇȺɆ ɆȺ ɈũɅȷ ȾȷɈɆȽɀȷ:  

ɄɅɃɆȹȽɃɅȽɆɀɃɆ ɇɋɁ ɉȷɅȷȾɇȼɅȽɆɇȽȾɋɁ ȺɄȽȹɃɆȼɆ 

ɇɋɁ ɀȺŪɃȹɋɁ ɄɅɃɆȹȽɃɅȽɆɀɃɈ ɇɃɈɆ 

ȾȷȽ ȷɁȷɄɇɈɂȼ ɄȽɆɇɃɄɃȽȼɀȺɁɋɁ ɈȿȽȾɋɁ ȷɁȷūɃɅȷɆ 
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ID: 075 

 

Ʉ. ũɘŬɜɜɘəɞˊɞɨɚɞɡ1, ȷ. ɄŬɜŬɔɘɤŰɞˊɞɨɚɞɡ2, ũ. ȾŬɟŬɜɘəɞɚɧˊɞɡɚɞɠ1, 

Ⱥ. ɆəɞŰɘŭɎəɖ1, Ⱥ. ɆŰŬɗɞɡŭɎəɖ1, ȸ. ɆɢɞɘɜɎ1, ȼ. ȾŬəɞɡɚɑŭɖɠ1   
1ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ɀŮŰɟɞɚɞɔɑŬɠ, ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ, ȷ. ɇůɧɢŬ 16, 115 21 ȷɗɐɜŬ  

2Ⱥɟɔ. ūŬůɛŬŰɞůəɞˊɑŬɠ NMR, ȺȾȺūȺ ȹɖɛɧəɟɘŰɞɠ, 15310-2 ȷɔɑŬ ɄŬɟŬůəŮɡɐ ȷŰŰɘəɐɠ  

e-mail: metrology.gcsl@aade.gr  

  

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ əŬɗŬɟɧŰɖŰŬɠ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ ůɡɔəŬŰŬɚɏɔŮŰŬɘ ůŰɘɠ ɗŮɛŮɚɘɩŭŮɘɠ 

ɘəŬɜɧŰɖŰŮɠ ɛɏŰɟɖůɖɠ əŬɘ ŭɘŬəɟɑɓɤůɖɠ ˊɞɡ ŮˊɘəŬɚɞɨɜŰŬɘ ŰŬ ɛŮŰɟɞɚɞɔɘəɎ ɘɜůŰɘŰɞɨŰŬ ˊɞɡ 

ŭɟŬůŰɖɟɘɞˊɞɘɞɨɜŰŬɘ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɉɖɛɘəɐɠ ɀŮŰɟɞɚɞɔɑŬɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɨɞ ŬɜŮɝɎɟŰɖŰŮɠ ˊɞɟŮɑŮɠ ˊɞɡ ŬəɞɚɞɨɗɖůŮ Űɞ Ⱥɉȼɀ/ũɉȾ-ȺȽɀ ůŰɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ əŬɗŬɟɧŰɖŰŬɠ Űɖɠ ɡŭɟɞɢɚɤɟɘəɐɠ ɞɝɡŰŮŰɟŬəɡəɚɑɜɖɠ ůŰɖ ŭɘŮɟɔŬůŰɖɟɘŬəɐ 

ůɨɔəɟɘůɖ CCQM-K148b ɖ ɞˊɞɑŬ ŭɘɞɟɔŬɜɩɗɖəŮ Ŭˊɧ Űɞ ȹɘŮɗɜɏɠ ũɟŬűŮɑɞ ɀɏŰɟɤɜ əŬɘ ɆŰŬɗɛɩɜ 

(BIPM). Ƀɘ ŬɜŬɚɡŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ɘůɞůɨɔɘŬ ɛɎɕŬɠ əŬɘ ˊɞůɞŰɘəɐ űŬůɛŬŰɞɛŮŰɟɑŬ 

NMR. ȷɜŬűɏɟɞɜŰŬɘ ɞɘ ŰŮɢɜɘəɏɠ ˊɞɡ ɡɘɞɗŮŰɐɗɖəŬɜ, ŬɜŬɚɨŮŰŬɘ ɞ Űɟɧˊɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ŭɑɜɞɜŰŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɘůɞɕɨɔɘŬ ŬɓŮɓŬɘɞŰɐŰɤɜ. ȺɝŮŰɎɕɞɜŰŬɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ 

əŬ ŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ 

ŬəɟɑɓŮɘŬ, Űɖɜ ˊɞɚɡˊɚɞəɧŰɖŰŬ əŬɘ Űɖɜ ŬɓŮɓŬɘɧŰɖŰɎ Űɞɡɠ. ɇɏɚɞɠ, əŬŰŬŭŮɘəɜɨŮŰŬɘ ɖ ůɖɛŬůɑŬ 

ŬɜŰɑůŰɞɘɢɤɜ ɘəŬɜɞŰɐŰɤɜ ɛɏŰɟɖůɖɠ əŬɘ ŭɘŬəɟɑɓɤůɖɠ ůŰɖɜ ŮˊɑŰŮɡɝɖ ɘɢɜɖɚŬůɘɛɧŰɖŰŬɠ ůŰɘɠ ɢɖɛɘəɏɠ 

ɛŮŰɟɐůŮɘɠ əŬɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ ˊɘůŰɞˊɞɘɖɛɏɜɤɜ ɡɚɘəɩɜ ŬɜŬűɞɟɎɠ   

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɛŮŰɟɞɚɞɔɘəɐ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ, əŬɗŬɟɧŰɖŰŬ ɢɖɛɘəɩɜ ɞɡůɘɩɜ, qNMR, ɘůɞɕɨɔɘɞ ɛɎɕŬɠ, 

ɞɝɡŰŮŰɟŬəɡəɚɑɜɖ 
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ȼ ɄȺɅȽɄɇɋɆȼ ɇȼɆ ɃɂɈɇȺɇɅȷȾɈȾȿȽɁȼɆ 
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The storage stability of pesticide formulation has been extensively studied since it is a stringent 

regulatory requirement for granting authorization by EU. However, the stability of the spraying 

solutions of formulations has not been considered as a compulsory regulatory requirement.  

In agricultural practice, farmers and professional sprayers are often faced with the dilemma 

whether a tank mix can still be used in the field after a period of time. How long is that period? 

How does it affect efficacy? Are there any hydrolysis or photolysis by-products formed? And 

finally, are there any other unwanted side-effects (toxicity-ecotoxicity-persistence etc)?  

In the present study we investigate the stability of the active ingredients of the solutions of two 

major insecticides, lambda-cyhalothrin and spinosad, used for the control of olive fruit fly in olive 

orchards, in their respective mixes with insect attractants of food origin.  

After the storage of the spray solutions under various controlled environmental conditions 

(temperature and light) and the determination of the concentration of each active substance in 

targeted time points, the results indicate that in all cases the concentration remained stable for a 

minimum of 4 weeks. Therefore, it can be assumed that the tank sprays need not be disposed of, 

circumventing all the negative environmental impacts such an action can have. Undoubtedly, these 

results are the 1st step for further investigation of the stability of tank mixtures in various 

preparation storage conditions and periods.  

  

Keywords: lambda-cyhalothrin, spinosad, ,  spray solution, storage stability, storage conditions 

 

STABILITY OF THE ACTIVE INGREDIENT OF PLANT PROTECTION PRODUCTS 

IN THEIR RESPECTIVE SPRAYING SOLUTIONS: THE CASE OF INSECTICIDES 

USED FOR THE CONTROL OF OLIVE FRUIT FLY IN GREECE  
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This study presents the use of the hand-portable field calibrator, T4i FemtoMachine, for 

chemical detectors. The calibrator generates stable vapour concentrations of a wide range of 

environmentally significant compounds. It produces high and low concentrations in the ppb range 

for Benzene, Toluene, and Xylene, as well as compounds like Acetone, Methyl Salicylate, 

Dimethyl Methyl Phosphonate, Diethyl Malonate, and Diethyl Phthalate. The T4i FemtoMachine 

has been continuously used for 2880 hours (24x7), demonstrating high stability and repeatability in 

the generated concentrations. The calibrator operates in principles of permeation, heating, 

successive dilutions with purified air and splitting to provide stable concentrations from low ppb to 

low ppm ranges. No gas cylinders are needed as the calibrator generates its own zero air (purified 

air). Engineered with special materials, its inner surfaces prevent chemical interaction of the 

compounds used. The calibrator's oven controls temperature with accuracy of 0.2ÁC and flowrate at 

1%. Applications include indoor and outdoor calibration of atmospheric pressure detectors (e.g., 

Photoionization Detector, Ion Mobility Spectrometer, Gas Chromatograph) and vacuum chemical 

detectors and analyzers (e.g., Mass Spectrometer). 

 

Keywords: Field calibrator, chemical detectors, chemical analyzers, hand-portable calibrator, zero 

air, vapour generator 

RELIABILITY OF FIELD CHEMICAL MEASUREMENTS: T4I FEMTOMACHINE 

FOR QA/QC OF CHEMICAL DETECTORS AND ANALYTICAL INSTRUMENTS  
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Measuring the number concentration of nanoparticles in colloidal suspension is a major interest 

for a large range of industries including pharmaceutical, personal care and cosmetics, food 

packaging, biomedical, etc. Single particle inductively coupled plasma mass spectrometry (spICP-

MS) is a method capable of detecting single nanoparticles at very low concentrations. The present 

study describes an effort to develop and validate (identifying and quantifying the uncertainty 

contributions) an analytical method for the determination of the number-size distribution (nm) and 

number concentration (Np mL-1 or Np g-1) of Au (nano)particles (and/or other metals) using single 

particle inductively coupled plasma mass spectrometry (spICP-MS), in a time-resolved mode to 

determine the mass of individual nanoparticles and ionic concentrations. The preliminary results 

from the participation in the comparison CCQM-K166/P210, are also discussed.      

  

Keywords: nanoparticles, size distribution, number concentration, spICP-MS  

 

DETERMINATION OF PARTICLE SIZE DISTRIBUTION AND NUMBER 

CONCENTRATION OF NANOPARTICLES BY spICP-MS 
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ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ɀŮŰɟɞɚɞɔɑŬɠ 

ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ, ȷ. ɇůɧɢŬ 16, 115 21 ȷɗɐɜŬ 
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ɇɞ ˊɟɧɔɟŬɛɛŬ ScreenFood ɢɟɖɛŬŰɞŭɞŰŮɑŰŬɘ Ŭˊɧ Űɖ EURAMET əŬɘ ŬˊɞɓɚɏˊŮɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ 

ŬɜŬɚɡŰɘəɩɜ ůŰɟŬŰɖɔɘəɩɜ əŬɘ ɡɚɘəɩɜ ŬɜŬűɞɟɎɠ ˊɞɡ ɗŬ ɡˊɞůŰɖɟɑɕɞɡɜ Űɘɠ ɓɘɞɛɖɢŬɜɑŮɠ Űɟɞűɑɛɤɜ əŬɘ 

ůɡůəŮɡŬůɑŬɠ ůŰɖɜ ˊŬɟɞɢɐ ŬůűŬɚɩɜ əŬɘ ɓɘɩůɘɛɤɜ ˊɟɞɥɧɜŰɤɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ ȺɡɟɤˊŬɥəɐ 

ɜɞɛɞɗŮůɑŬ ůŰɖɜ Ůˊɞɢɐ Űɖɠ əɡəɚɘəɐɠ ɞɘəɞɜɞɛɑŬɠ. ɇɞ ɏɟɔɞ ɗŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɏɜŬ ɛŮŰɟɞɚɞɔɘəɧ ŭɑəŰɡɞ 

ɘəŬɜɧ ɜŬ ˊŬɟɏɢŮɘ, ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ ŮɟŮɡɜɖŰɘəɎ əɏɜŰɟŬ əŬɘ ɓɘɞɛɖɢŬɜɑŮɠ, əŬɘɜɞŰɧɛŬ ŮɜŬɟɛɞɜɘůɛɏɜŬ 

ˊɟɧŰɡˊŬ ŬɜŬűɞɟɎɠ, ŭɘŮɗɜɩɠ ŬɜŬɔɜɤɟɘůɛɏɜŬ, ɛŮ ůŰɧɢɞ Űɖɜ ŬɜɑɢɜŮɡůɖ əŬɘ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ 

ŮˊɘɛɞɚɡɜŰɩɜ ůŰŬ ŰɟɧűɘɛŬ, ɛŮ ɏɛűŬůɖ ůŰɞɡɠ əɞɟŮůɛɎɜɞɡɠ əŬɘ Űɞɡɠ ŬɟɤɛŬŰɘəɞɨɠ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ 

ɞɟɡəŰŮɚŬɑɤɜ (MOSH/MOAH), Űɘɠ ɡˊŮɟűɗɞɟɘɤɛɏɜŮɠ əŬɘ ˊɞɚɡűɗɞɟɘɤɛɏɜŮɠ ŬɚəɡɚɘɤɛɏɜŮɠ ɞɡůɑŮɠ 

(PFAS) əŬɘ ɞɡůɑŮɠ ˊɞɡ ɛŮŰŬɜŬůŰŮɨɞɡɜ Ŭˊɧ ˊŬɟɗɏɜŬ əŬɘ ŬɜŬəɡəɚɤɛɏɜŬ ɡɚɘəɎ ůɡůəŮɡŬůɑŬɠ 

Űɟɞűɑɛɤɜ (NIAS). 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ŬůűɎɚŮɘŬ Űɟɞűɑɛɤɜ, ŮˊɘɛɞɚɡɜŰɏɠ, MOSH/MOAH, PFAS, NIAS 

 

ɄɅɃũɅȷɀɀȷ SCREENFOOD: ɀȺɇɅɃȿɃũȽȷ ũȽȷ ȷɆūȷȿȼ ɇɅɃūȽɀȷ ɆɇȼɁ 

ȺɄɃɉȼ ɇȼɆ ȾɈȾȿȽȾȼɆ ɃȽȾɃɁɃɀȽȷɆ 
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In today's era, due to the 4th Industrial Revolution, the need for quick and accurate 

measurements is huge. Their application in a variety of industrial applications has led to the 

established use of laser trackers, for measuring, aligning and verifying dimensions in large 

constructions or objects with complex geometry. Laser trackers are portable coordinate measuring 

systems which use laser technology to measure points in three dimensions with accuracies in the 

range of micrometers. In order to receive extremely precise measurements, plenty of operational 

tests must be taken before starting the measuring process. These tests include angular accuracy, 

absolute distance or level checks, and must be performed in specific test fields, according to the 

manufacturers.  

In this research work, after creating the appropriate test fields, the necessary operational checks 

of the Vantage Faro Laser Tracker took place. Each of them is described and performed in detail, 

using five different laser trackersô mounting systems. In order to use different mounting systems, a 

special support system has been created for the specific model of Vantage Faro laser tracker.   

So, the main purpose of this study is to examine how these mounting systems may respond to 

these tests and if the achieved accuracy by using them is consistent with the specifications of the 

laser tracker.  

  

Keywords: laser tracker, mounting systems, compensation, operational checks   

 

OPERATIONAL CHECKS OF LASER TRACKER  

USING DIFFERENT MOUNTING SYSTEMS  
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Today, a surveying engineer can select from a wide range of advanced technologies to create 

easily a 3D model of a specific space or object, in a relatively short timeframe and often with 

sufficient accuracy. Gradually, such technologies have also started to become accessible to the 

general public, with smartphone applications for the creation of 3D models, serving as a prime 

example.   

In this research work the methodologies which are used by these applications to create 3D 

models, through smartphone apps are highlighted. In addition, the operation principle of the non ï 

contact Portable Coordinate Measuring Machines and the achieved accuracy in 3D scanning with 

these devices are described.  

To evaluate the effectiveness of these smartphone applications in the creation of 3D models, 

one of the most widely used applications on the market has been selected (Polycam). The 

smartphone application has been used with a midrange Android Smartphone (Samsung A52 5G). 

Two objects, made from different materials, were selected for analysis (a wooden owl figurine and 

a GNSS antenna).  

These generated 3D models have been compared with the 3D models which have been created 

from the non - contact portable coordinate measuring machine (Faro ï Laser Libe Probe). The 

scaling of the 3D models which have been created by the smartphone application was mandatory 

for making the comparison. To minimize the error during the scaling, a geometrically known object 

used as a scale bar has been created. The characteristics of this object are described in detail in this 

paper.  

By comparing the respective 3D models (smartphone application Vs non ï contact PCMM), it 

has been emerged an overview of the achieved accuracy of each method tested, which provided 

insight into both the limitations and the potential of this technological advancement.  

  

Keywords: 3D models, smartphone applications, non-contact probe 

 

COMPARISON OF 3D OBJECT MODELS CREATED  

USING LOW -COST SMARTPHONE APPLICATIONS  

AND PORTABLE COORDINATE MEASURING MACHINES  
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ȾɤɜůŰŬɜŰɑɜɞɠ ɁɘəɞɚɑŰůŬɠ, ȷɗŬɜɎůɘɞɠ ɀˊɑɛɖɠ, ũɘɩɟɔɞɠ ɄɖɜɘɩŰɖɠ 

Ɇɢɞɚɐ ȷɔɟɞɜɧɛɤɜ & ɇɞˊɞɔɟɎűɤɜ ɀɖɢŬɜɘəɩɜ ï ɀɖɢŬɜɘəɩɜ ũŮɤˊɚɖɟɞűɞɟɘəɐɠ 

Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ 
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ɆŰɘɠ ɛɏɟŮɠ ɛŬɠ ɖ ɢɟɐůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŮɜŰɞˊɘůɛɞɨ ůŮ ŮůɤŰŮɟɘəɧ ɢɩɟɞ (Indoor Positioning 

Systems, IPS) ɔɑɜŮŰŬɘ ɧɚɞ əŬɘ ˊɘɞ ŭɘŬŭɞɛɏɜɖ ůŮ ŮűŬɟɛɞɔɏɠ ˊɚɞɐɔɖůɖɠ ɟɞɛˊɞŰɘəɩɜ ŬɡŰɧɜɞɛɤɜ 

ˊɚŬŰűɞɟɛɩɜ (ŬˊɞɗɐəŮɠ ŮɛˊɞɟŮɡɛɎŰɤɜ, ŮɟɔɞůŰɎůɘŬ), Ŭɜɗɟɩˊɘɜɞɡ ŭɡɜŬɛɘəɞɨ ůŮ ˊɞɚɨˊɚɞəŬ 

ˊŮɟɘɓɎɚɚɞɜŰŬ (ŬŮɟɞŭɟɧɛɘŬ, ɡɔŮɘɞɜɞɛɘəɎ ɘŭɟɨɛŬŰŬ, ɛɞɡůŮɑŬ, ŮəɗŮůɘŬəɞɑ ɢɩɟɞɘ əŬɘ ůŮ ŮűŬɟɛɞɔɏɠ 

ŬůűɎɚŮɘŬɠ ˊɟɞůɤˊɘəɞɨ (ŬˊɞŰɟɞˊɐ ˊɟɧůɓŬůɖɠ ůŮ ŮˊɘəɑɜŭɡɜŮɠ ɕɩɜŮɠ, ɔɟɐɔɞɟɖ ŭɘɎůɤůɖ, 

ŮəˊŬɘŭŮɡŰɘəɎ ůŮɜɎɟɘŬ). 

Ʉɞɚɚɏɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŮűŬɟɛɞɔɏɠ ŭŮɜ ŬˊŬɘŰɞɨɜ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ ůŰɞɜ ŮɜŰɞˊɘůɛɞɨ Űɞɡ 

əɘɜɞɡɛɏɜɞɡ ŰɛɐɛŬŰɞɠ (ŬŰɧɛɞɡ ɐ ˊɚŬŰűɧɟɛŬɠ - ŬəɟɑɓŮɘŬɠ Űɖɠ ŰɎɝɖɠ Űɤɜ Ñ0.5 m - Ñ 1 m). ɋůŰɧůɞ, 

ɞɘ ŬɜɎɔəŮɠ ɔɘŬ əŬɗɞŭɐɔɖůɖ ŬɡŰɧɜɞɛɤɜ ˊɚŬŰűɞɟɛɩɜ ɏɢɞɡɜ ŬɡɝɐůŮɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ůŰɖɜ ŬəɟɑɓŮɘŬ 

ŮɜŰɞˊɘůɛɞɨ ɐ əŬɘ ˊɚɞɐɔɖůɖɠ Űɞɡ əɘɜɞɨɛŮɜɞɡ ŰɛɐɛŬŰɞɠ. 

ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ŬɜŬűɏɟɞɜŰŬɘ ɞɘ ɓŬůɘəɏɠ ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ɔɘŬ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŮɜŰɞˊɘůɛɞɨ ůŮ ŮůɤŰŮɟɘəɧ ɢɩɟɞ əŬɘ ŬɜŬˊŰɨůůŮŰŬɘ ɞ Űɟɧˊɞɠ 

ɚŮɘŰɞɡɟɔɑŬɠ ɛɘŬɠ Ůə Űɤɜ ůɖɛŬɜŰɘəɧŰŮɟɤɜ, Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ɡˊŮɟɐɢɤɜ (Ultrasound). ȼ ŰŮɢɜɞɚɞɔɑŬ 

ŬɡŰɐ ŮˊɘŰɟɏˊŮɘ Űɖ ɛɏŰɟɖůɖ ŬˊɞůŰɎůŮɤɜ əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɞɜ ŮɜŰɞˊɘůɛɧ ɗɏůɖɠ ɛŮ ɢɟɐůɖ 

əŬŰɎɚɚɖɚɤɜ ŬɘůɗɖŰɐɟɤɜ (Ultrasonic - Beacons). 

ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ŬɜŬˊŰɨůůŮŰŬɘ ɛŮɗɞŭɞɚɞɔɑŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Ůɜɧɠ ŰɏŰɞɘɞɡ ůɡůŰɐɛŬŰɞɠ 

(Ultrasonic), əŬŰɎ Űɖɜ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ˊŮŭɑɞ Ůɚɏɔɢɞɡ ɔŮɤŭŬɘŰɘəɩɜ ɞɟɔɎɜɤɜ (ŰɞɨɜŮɚ 26 

ɓɎɗɟɤɜ) ˊɞɡ ŭɘŬɗɏŰŮɘ ɖ Ɇɢɞɚɐ ȷɔɟɞɜɧɛɤɜ & ɇɞˊɞɔɟɎűɤɜ ɀɖɢŬɜɘəɩɜ ï ɀɖɢŬɜɘəɩɜ 

ũŮɤˊɚɖɟɞűɞɟɘəɐɠ. Ƀɘ ˊɟɧŰɡˊŮɠ Űɘɛɏɠ Űɤɜ ůɡɜŰŮŰŬɔɛɏɜɤɜ Űɤɜ ɓɎɗɟɤɜ Űɞɡ ˊŮŭɑɞɡ 

ŮˊɘəŬɘɟɞˊɞɘɞɨɜŰŬɘ ɛŮ Űɖɜ Ůə ɜɏɞɡ ɛɏŰɟɖůɖ ɛŮ ɢɟɐůɖ űɞɟɖŰɐɠ ɛɖɢŬɜɐɠ ɛɏŰɟɖůɖɠ ůɡɜŰŮŰŬɔɛɏɜɤɜ 

(Laser Tracker) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŬɡŰɏɠ ˊɞɡ ˊŬɟɏɢŮɘ Űɞ ˊɟɞɠ ɏɚŮɔɢɞ ůɨůŰɖɛŬ 

ŮɜŰɞˊɘůɛɞɨ (ŰŮɢɜɞɚɞɔɑŬɠ ɡˊŮɟɐɢɤɜ). Ƀ ɏɚŮɔɢɞɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŮɜŰɞˊɘůɛɞɨ Űɞɡ əɘɜɞɨɛŮɜɞɡ 

ŰɛɐɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ŭɨɞ əŬɘ ůŮ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖ ɢɤɟɞɗɏŰɖůɖ Űɤɜ 

ŬɘůɗɖŰɐɟɤɜ (Beacons) ůŰɞ ˊŮŭɑɞ Ůɚɏɔɢɞɡ. 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: Ultrasound, Laser Tracker, ɆɡůŰɐɛŬŰŬ ŮɜŰɞˊɘůɛɞɨ ŮůɤŰŮɟɘəɞɨ ɢɩɟɞɡ 

 

ɄɅɃɇȺȽɁɃɀȺɁȼ ɀȺŪɃȹɃȿɃũȽȷ ȺȿȺũɉɃɈ ɆɈɆɇȼɀȷɇɃɆ ȺɁɇɃɄȽɆɀɃɈ 

ȺɆɋɇȺɅȽȾɃɈ ɉɋɅɃɈ ɇȺɉɁɃȿɃũȽȷɆ ɈɄȺɅȼɉɋɁ 
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ID: 087 

 

ũ. ȾŬɥůŬɟɚɐɠ 

Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ, Ɇɢɞɚɐ ɀɖɢŬɜɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ, ȺɟɔŬůŰɐɟɘɞ ɇŬɢŮɑŬɠ ȾŬŰŬůəŮɡɐɠ 

ɄɟɤŰɞŰɨˊɤɜ & ȺɟɔŬɚŮɑɤɜ ï ȷɜŰɑůŰɟɞűɞɡ ɆɢŮŭɘŬůɛɞɨ, ɇɞɛɏŬɠ ɀɖɢ/əɩɜ ȾŬŰŬůəŮɡɩɜ & ȷɡŰ. Ⱥɚɏɔɢɞɡ, 

ȼɟɩɤɜ ɄɞɚɡŰŮɢɜŮɑɞɡ 9, 157 73, ȻɤɔɟɎűɞɡ, ȷɗɐɜŬ 

email: gkaiss@central.ntua.gr  

 

Ƀɘ ɀɖɢŬɜɏɠ ɀɏŰɟɖůɖɠ ɆɡɜŰŮŰŬɔɛɏɜɤɜ - ɀɀɆ (Coordinate Measuring Machines, CMM) 

ŬˊɞŰŮɚɞɨɜ ɔɘŬ Űɞɜ əɚɎŭɞ Űɤɜ ɛɖɢŬɜɞɚɞɔɘəɩɜ əŬŰŬůəŮɡɩɜ ɏɜŬ ŮɟɔŬɚŮɑɞ Ůɝɑůɞɡ ŬˊŬɟŬɑŰɖŰɞ ɛŮ Űɘɠ 

ɛɖɢŬɜɏɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɘɠ ŮɟɔŬɚŮɘɞɛɖɢŬɜɏɠ. ɀɏůŬ Ŭˊɧ ɛɘŬ ŮɝŮɚɘəŰɘəɐ ˊɞɟŮɑŬ ŬɟəŮŰɩɜ ŮŰɩɜ, ɞɘ 

ɀɀɆ ɏɢɞɡɜ ˊɚɏɞɜ əŬɗɘŮɟɤɗŮɑ ɤɠ Űɞ ɞɘəɞɜɞɛɞŰŮɢɜɘəɎ əŬŰɎɚɚɖɚɞ ɛɏůɞ Űɧůɞ ɔɘŬ Űɖɜ ŬɝɘɧˊɘůŰɖ, 

ɛŮɔɎɚɖɠ ŬəɟɑɓŮɘŬɠ əŬɘ ŰŬɢŮɑŬ ŭɘŮɝŬɔɤɔɐ ɛŮŰɟɖŰɘəɩɜ ŮɟɔŬůɘɩɜ ůŰɞ ˊŮŭɑɞ Űɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ 

ɛŮŰɟɞɚɞɔɑŬɠ ŭɘŬůŰɎůŮɤɜ əŬɘ ɔŮɤɛŮŰɟɑŬɠ ɄɏɟŬ Ŭˊɧ Űɞɜ ɞɚɞəɚɖɟɤɛɏɜɞ ɏɚŮɔɢɞ ɔŮɤɛŮŰɟɘəɩɜ əŬɘ 

ŭɘŬůŰŬůɘɞɚɞɔɘəɩɜ ŬˊɞəɚɑůŮɤɜ ŮɝŬɟŰɖɛɎŰɤɜ əŬɘ ˊɟɞɥɧɜŰɤɜ ɓɘɞɛɖɢŬɜɘəɐɠ ˊŬɟŬɔɤɔɐɠ, ɛɘŬ ůŮɘɟɎ 

Ŭˊɧ əɟɑůɘɛɏɠ ŮűŬɟɛɞɔɏɠ ɧˊɤɠ ɖ ŬˊɞŰɨˊɤůɖ ˊɟɤŰɞŰɨˊɤɜ, ɖ ŭɘŬəɟɑɓɤůɖ ɘŭɘɞůɡůəŮɡɩɜ əŬɘ ɞ 

ɏɚŮɔɢɞɠ űɗɞɟɎɠ ŮɟɔŬɚŮɑɤɜ ˊŬɟŬɔɤɔɐɠ (ŮɟɔŬɚŮɑɤɜ ŭɘŬɛɧɟűɤůɖɠ, ɢɨŰŮɡůɖɠ, ə.Ŭ.) ɓŬůɑɕɞɜŰŬɘ ůŰŬ 

ɛŮŰɟɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɘɠ ɀɀɆ.  

ȼ ŰŮɢɜɘəɐ ŮˊɘŰɟɞˊɐ ISO/TC 213 ñDimensional and geometrical product specifications and 

verificationò Űɞɡ ŭɘŮɗɜɞɨɠ ɞɟɔŬɜɘůɛɞɨ ISO, ŮɑɜŬɘ Ŭˊɧ Űɞ 1996 Űɞ ŰŮɢɜɘəɧ ɧɟɔŬɜɞ Űɡˊɞˊɞɑɖůɖɠ ˊɞɡ 

ɏɢŮɘ Űɖɜ Ůɡɗɨɜɖ ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɤɜ ˊɟɞŰɨˊɤɜ, əŬɜɞɜɘůɛɩɜ əŬɘ ŰŮɢɜɘəɩɜ ˊɟɞŭɘŬɔɟŬűɩɜ ůɢŮŰɘəɎ 

ɛŮ Űɞɜ əŬɗɞɟɘůɛɧ ŬɚɚɎ əŬɘ ɛŮ Űɖɜ ŮˊŬɚɐɗŮɡůɖ (verification) Űɤɜ ŭɘŬůŰŬůɘɞɚɞɔɘəɩɜ əŬɘ 

ɔŮɤɛŮŰɟɘəɩɜ Ŭɜɞɢɩɜ ůŰŬ ɛɖɢŬɜɞɚɞɔɘəɎ ŮɝŬɟŰɐɛŬŰŬ əŬɘ ůŰɘɠ əŬŰŬůəŮɡɏɠ. ɇɞ ůɨůŰɖɛŬ ISO-GPS 

ɓɟɑůəŮŰŬɘ ůŰɞɜ ˊɡɟɐɜŬ Űɞɡ ɏɟɔɞɡ əŬɘ Űɤɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ Űɖɠ ɇŮɢɜɘəɐɠ ȺˊɘŰɟɞˊɐɠ ISO/TC 213. 

ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ Űɞ ůɨůŰɖɛŬ ISO GPS ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ ŭɘŮɗɜɩɠ ŬˊɞŭŮəŰɏɠ Ŭɟɢɏɠ Ůɚɏɔɢɞɡ, Űɘɠ 

ŬˊŬŰɐůŮɘɠ Űɤɜ ŭɞəɘɛɩɜ Ůˊɑŭɞůɖɠ əŬɘ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ŭɘŬəɟɑɓɤůɖɠ əŬɘ ɓŬɗɛɞɜɧɛɖůɖɠ Űɤɜ 

ŭɘŬűɧɟɤɜ Űɨˊɤɜ ɀɀɆ (Űɨˊɞɡ ɔɏűɡɟŬɠ, ŬɟɗɟɤŰɞɨ ɓɟŬɢɑɞɜŬ, ɓɘɞɛɖɢŬɜɘəɩɜ ŰɞɛɞɔɟɎűɤɜ, 

ůŬɟɤŰɩɜ ɚɏɘɕŮɟ ə.Ŭ.).  

ɆŰɧɢɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ əŬŰŬɟɢɐɜ ɖ Ůˊɘůəɧˊɖůɖ Űɞɡ ɘůɢɨɞɜŰɞɠ ŰɡˊɞˊɞɘɖŰɘəɞɨ ˊɚŬɘůɑɞɡ ˊɞɡ 

ŬűɞɟɎ ůŰɖɜ ŮəŰɑɛɖůɖ ŬɓŮɓŬɘɧŰɖŰŬɠ əŬɘ ůŰɖɜ ŮˊŬɚɐɗŮɡůɖ Ůˊɑŭɞůɖɠ ɀɀɆ, ɛŮ ɏɛűŬůɖ ůŰɘɠ ɀɀɆ 

Űɨˊɞɡ ɔɏűɡɟŬɠ. ȷɜŬɚɨŮŰŬɘ ɖ Ůɝɏɚɘɝɖ əŬɘ ɖ ŭɞɛɐ Űɤɜ ɓŬůɘəɩɜ ˊɟɞŰɨˊɤɜ ISO 10360-2:2009 əŬɘ 

ISO 10360-5:2020 əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɘŬůɨɜŭŮůɖ Űɞɡɠ ɛŮ ŰŬ ˊɟɧŰɡˊŬ ISO 15530-3:2011, 

ISO/TS 23165:2006, ISO/TS 17865:2016 əŬɘ ISO 14253-1:2017. Ⱥˊɘˊɚɏɞɜ, ůŰɖɜ ŮɟɔŬůɑŬ 

ŮɝŮŰɎɕŮŰŬɘ Űɞ ŮˊɑˊŮŭɞ ŮűŬɟɛɞɔɐɠ Űɤɜ ˊŬɟŬˊɎɜɤ ˊɟɞŰɨˊɤɜ ůŰɞ ŭɘŮɗɜɏɠ əŬɘ ůŰɞ Ůɔɢɩɟɘɞ 

ɓɘɞɛɖɢŬɜɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ɇɏɚɞɠ, ŬɜŬŭŮɘəɜɨɞɜŰŬɘ ɞɘ ˊɟɞəɚɐůŮɘɠ əŬɘ ůɢɞɚɘɎɕɞɜŰŬɘ ɞɘ ɛŮɚɚɞɜŰɘəɏɠ 

ˊɟɞɞˊŰɘəɏɠ Ůɝɏɚɘɝɖɠ Űɖɠ Űɡˊɞˊɞɑɖůɖɠ ůŰɞɜ Ůɜ ɚɧɔɤ ŰɞɛɏŬ.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ȸɘɞɛɖɢŬɜɘəɐ ɀŮŰɟɞɚɞɔɑŬ ȹɘŬůŰɎůŮɤɜ, ȷɓŮɓŬɘɧŰɖŰŬ, ɀɖɢŬɜɏɠ ɀɏŰɟɖůɖɠ 

ɆɡɜŰŮŰŬɔɛɏɜɤɜ, ɄɟɧŰɡˊŬ, ȹɘŬəɟɑɓɤůɖ 

ɄɅɃɇɈɄȷ ȺȾɇȽɀȼɆȼɆ ȷȸȺȸȷȽɃɇȼɇȷɆ ȾȷȽ ȺɄȷȿȼŪȺɈɆȼɆ ȺɄȽȹɃɆȼɆ 

ɀȼɉȷɁɋɁ ɀȺɇɅȼɆȼɆ ɆɈɁɇȺɇȷũɀȺɁɋɁ:  

ɄɅɃȾȿȼɆȺȽɆ ȾȷȽ ɄɅɃɃɄɇȽȾȺɆ 



58 

Φυσικές - Γεωδαιτικές μετρήσεις 

 

ID: 025 

 

ɀŬɡɟɞɔɧɜŬŰɞɠ ȷɟɔɨɟɘɞɠ 

ɈˊɖɟŮůɑŬ ȹɘŬəɟɘɓɩůŮɤɜ Ⱥɜɧˊɚɤɜ ȹɡɜɎɛŮɤɜ  

email: argyris2009@gmail.com  

  

Ƀ ůŮɘůɛɧɠ ŮɑɜŬɘ ɏɜŬ űɡůɘəɧ űŬɘɜɧɛŮɜɞ. ȺɑɜŬɘ ŭɧɜɖůɖ Űɞɡ ŮŭɎűɞɡɠ, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ůŰŬ 

əɨɛŬŰŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ, ɧŰŬɜ ŮəɚɨŮŰŬɘ ŮɜɏɟɔŮɘŬ Ŭˊɧ Űɞ ůˊɎůɘɛɞ ɐ Űɖ ɛŮŰŬəɑɜɖůɖ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ 

Űɞɡ űɚɞɘɞɨ Űɖɠ ũɖɠ  

Ƀɘ ůŮɘůɛɞɔɟɎűɞɘ ŮɑɜŬɘ ɧɟɔŬɜŬ ɛŮ ŰŬ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ŬɡŰɧɛŬŰɖ əŬɘ ˊɘůŰɐ əŬŰŬɔɟŬűɐ Űɖɠ 

ůŮɘůɛɘəɐɠ əɑɜɖůɖɠ. ȰɜŬɠ ůŮɘůɛɞɔɟɎűɞɠ ˊɞɡ əŬŰŬɔɟɎűŮɘ ůŮɘůɛɘəɐ ŮˊɘŰɎɢɡɜůɖ (ŮˊɘŰŬɢɡɜůɘɞɔɟɎűɞɠ) 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟŮɘɠ ŬɘůɗɖŰɐɟŮɠ (Űɟɘůɞɟɗɞɔɩɜɘɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ) əŬŰŬɔɟŬűɐɠ ŮˊɘŰɎɢɡɜůɖɠ, Űɞɜ 

ɣɖűɘɞˊɞɘɖŰɐ əŬɘ Űɞ əŬŰŬɔɟŬűɘəɧ. Ƀ əɎɗŮ ŬɘůɗɖŰɐɟŬɠ (ŮˊɘŰŬɢɡɜůɘɧɛŮŰɟɞ) ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ 

ɛɖɢŬɜɘəɧ ɛɏɟɞɠ ˊɞɡ ůɡɜɐɗɤɠ ŮɑɜŬɘ ɏɜŬ ůɨůŰɖɛŬ ŮɚŬŰɐɟɘɞɡ - ɛɎɕŬɠ, Űɞ ɓɟɧɢɞ ŬɜŬŰɟɞűɞŭɧŰɖůɖɠ 

(force-balance) əŬɘ Űɞ əɨəɚɤɛŬ Ůɜɑůɢɡůɖɠ Űɞɡ ůɐɛŬŰɞɠ. Ƀ ɣɖűɘɞˊɞɘɖŰɐɠ ůɡɜɐɗɤɠ ŭɘŬɗɏŰŮɘ ŰɟɑŬ ɖ 

ˊŮɟɘůůɧŰŮɟŬ əŬɜɎɚɘŬ ˊɞɚɨ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ. ȷɡŰɎ ɛŮŰŬŰɟɏˊɞɡɜ Űɞ ŬɜŬɚɞɔɘəɧ ůɐɛŬ Űɞɡ 

ůŮɘůɛɘəɞɨ ŬɘůɗɖŰɐɟŬ ůŮ ɣɖűɘŬəɧ. Ⱥˊɘˊɚɏɞɜ ŭɘŬɗɏŰŮɘ ŰɛɐɛŬ ŬˊɞɗɐəŮɡůɖɠ Űɤɜ ɣɖűɘŬəɩɜ 

ŭŮŭɞɛɏɜɤɜ, əŬɘ ŰɛɐɛŬ Űɖɠ ɛŮŰɎŭɞůɖɠ ŬɡŰɩɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ.   

ɇŬ ŮˊɘŰŬɢɡɜůɘɧɛŮŰɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŬɘůɗɖŰɐɟŮɠ ˊɞɡ ɛŮŰɟɎɜŮ Űɖɜ ŮˊɘŰɎɢɡɜůɖ Űɞɡ 

ůɖɛŮɑɞɡ, ɧˊɞɡ ŮɑɜŬɘ ŮɔəŬŰŮůŰɖɛɏɜŬ, əŬɘ ůŰɞɡɠ ŰɟŮɑɠ ɎɝɞɜŮɠ (ɉ,Ɉ,Ȼ) ɖ ɞˊɞɑŬ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɖ 

ŭɘɏɚŮɡůɖ Űɞɡ ůŮɘůɛɘəɞɨ əɨɛŬŰɞɠ.  

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŬɜŬɚɨŮŰŬɘ ɖ ɛɏɗɞŭɞɠ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ 

ɛŮŰɟɐůŮɤɜ ůŮ ůɨůŰɖɛŬ ůŮɘůɛɞɔɟɎűɞɡ, ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ɏɜŬ ŬɘůɗɖŰɐɟŬ ŮˊɘŰɎɢɡɜůɖɠ 

(ŮˊɘŰŬɢɡɜůɘɧɛŮŰɟɞ)  ɛŮ P/N: FBA200CB əŬɘ ɏɜŬ ɣɖűɘɞˊɞɘɖŰɐ ɛŮ P/N: GEO3tiny Űɖɠ ŮŰŬɘɟŮɑŬɠ 

GEOBIT Instruments, ɛŮ ůəɞˊɧ Űɖɜ ŮɨɟŮůɖ Űɖɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ əŬɘ Űɞ Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ 

ŬɡŰɩɜ.  

ȷɜŬɚɡŰɘəɎ, ɞɘ ɛŮŰɟɐůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞɜ ɣɖűɘɞˊɞɘɖŰɐ ŮɑɜŬɘ ɖ ůŰŬɗŮɟɎ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, Űɞ Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ɖ ŰɎůɖ Ŭˊɞəɞˊɐɠ. ɆŰɞ ŮˊɘŰŬɢɡɜůɘɧɛŮŰɟɞ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ ŮɨɟŮůɖɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Ŭˊɞəɞˊɐɠ, Űɞɡ Ůˊɘˊɏŭɞɡ ɗɞɟɨɓɞɡ əŬɗɩɠ 

Űɞ Ůɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ.  

Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰŬ ŮɟɔŬůŰɐɟɘŬ Űɖɠ ɈˊɖɟŮůɑŬɠ ȹɘŬəɟɘɓɩůŮɤɜ Űɤɜ Ⱥɜɧˊɚɤɜ 

ȹɡɜɎɛŮɤɜ ɛŮ Űɖ ɢɟɐůɖ əŬŰɎɚɚɖɚɤɜ ŭɘŬəɟɘɓɤɛɏɜɤɜ ɞɟɔɎɜɤɜ. ȼ ŬɜɎɚɡůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɏɔɘɜŮ ɛŮ 

Űɖɜ ɢɟɐůɖ ɚɞɔɘůɛɘəɞɨ Matlab.   

ȺɜŭŮɘəŰɘəɎ ŬɜŬűɏɟɞɡɛŮ əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ɛŮŰɟɐůŮɘɠ. Ⱥɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɣɖűɘɞˊɞɘɖŰɐ ɔɘŬ 

ŮˊɑˊŮŭɞ ŮɡŬɘůɗɖůɑŬɠ 10Vp-p ůŮ ůɡɢɜɧŰɖŰŬ 1Hz ŮɑɜŬɘ: 146.2369 db əŬɘ ɔɘŬ 40Vp-p ŮɑɜŬɘ: 142.9489 

db. Ⱥɨɟɞɠ ɚŮɘŰɞɡɟɔɑŬɠ  ŮˊɘŰŬɢɡɜůɘɧɛŮŰɟɞɡ ɔɘŬ ŮˊɑˊŮŭɞ ŮɡŬɘůɗɖůɑŬɠ 10Vp-p ůŮ ůɡɢɜɧŰɖŰŬ 1Hz 

ŮɑɜŬɘ: 161.3467 db əŬɘ ɔɘŬ 40Vp-p ŮɑɜŬɘ: 162.4787 db. 

 

ȿɏɝŮɘɠ ȾɚŮɘŭɘɎ: ɆŮɘůɛɞɔɟɎűɞɠ, ɊɖűɘɞˊɞɘɖŰɐɠ, ȷɘůɗɖŰɐɟŬɠ, Ⱥɨɟɞɠ ȿŮɘŰɞɡɟɔɑŬɠ, ȺˊɑˊŮŭɞ ɗɞɟɨɓɞɡ   
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Measuring thin film thickness on highly rough substrates remains a critical challenge in 

metrology, as conventional techniques such as ellipsometry and profilometry lose effectiveness 

with increasing surface roughness. To address this, we propose a computational methodology based 

on top-down Scanning Electron Microscope (SEM) images, transforming roughnessða perceived 

obstacleðinto a measurable advantage. The method calculates the film thickness by analyzing the 

enhancement of bright areas in SEM images before and after deposition, correlating this 

enhancement to the ratio of bright area change and the average perimeter of these regions. This 

approach leverages the assumption that the substrate roughness exceeds the deposited film 

thickness, simplifying the 3D geometry to a computationally efficient 2D representation.  

To validate this methodology, we employed synthetic SEM datasets with predefined thicknesses 

and morphologies ranging from simple shapes to complex structures simulated using Diffusion-

Limited Aggregation (DLA) techniques. Further analysis incorporated realistic rough surfaces 

characterized by scale-limited fractality and varying correlation lengths. Experimental validation 

was conducted on two case studies: plasma-etched polymer (PMMA) surfaces coated with silver 

(Ag) nanoparticles and titanium dioxide (TiO2) nanorods coated with nickel oxide (NiO). The 

results demonstrated the methodôs capability to provide robust and statistically significant thickness 

measurements without the need for additional sample preparation or cross-sectional imaging.  

This methodology offers significant advantages for metrology, enabling efficient and accurate 

thickness measurements on rough surfaces while overcoming limitations associated with traditional 

and cross-sectional imaging techniques. Future work will explore the integration of neural networks 

trained on synthetic datasets to further enhance predictive accuracy and automate SEM image 

reconstruction prior to deposition. This innovative approach represents a significant step forward in 

advancing the metrology of thin films on complex surfaces, offering a scalable and computationally 

efficient solution for a wide range of industrial and research applications.  

  

Keywords: roughness metrology, thin film metrology, Scanning Electron Microscope (SEM) 

imaging  

 

A COMPUTATIONAL METHOD FOR QUANTIFYING THIN FILM THICKNESS ON 

ROUGH SUBSTRATES USING TOP-DOWN SEM IMAGES  
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Within the InChildHealth project, a field comparison of real-time portable and fixed aerosol 

monitors was conducted in summer 2023 at the NCSR ñDemokritosò urban background station, 

where the reference instruments (Aethalometer Model AE33, MAGEE SICENTIFIC, CPC 3772, 

SMPS: DMA 3081 - CPC 3750, TSI, LAS 3340A, TSI) are permanently installed.  

The measured parameters included black carbon (BC) (microAeth MA200 and AE51, 

AETHLABS), ultrafine particle number (UFP) and number size distribution (PNSD) (Partector 2 & 

Pro, NANEOS particle solutions) and particle mass concentration (PM) (Dust Monitor Model 11-C, 

GRIMM, DustTrak DRX 8533, TSI, AQ Guard, PALAS). 24-hour averages of PM2.5 and PM10 

mass concentration were also compared to reference gravimetric measurements (PM10/2.5 SEQ 

47/50-CD with Peltier cooler, SVEN Leckel). The comparability of the measurements was 

evaluated among: (a) units of the same instrument, (b) instruments of different producers measuring 

the same aerosol parameter and (c) portable monitors and the respective reference 

instrument/method.  

Results showed very good agreement regarding BC and UFP, PNSD, both among units of the 

same brand and between portable and reference instruments (R2 values typically exceeded 0.90). 

The corresponding regression lines of portable versus reference instruments displayed negligible 

intercepts and slopes equal to 0.9-1.2 for BC and 1.0-1.3 for UFP. However, the performance of PM 

mass monitors varied significantly, depending on portable instrument and size fraction. In general, 

PM1 concentrations measured by portable instruments displayed very good correlation with 

reference data whereas the measured levels were significantly overestimated (up to a factor of 

around 2.5). The correlation of portable and reference data was weaker for larger particle fractions, 

especially in the case of DustTrak.  

 

Keywords: inter-comparison, black carbon, particle mass, particle number, urban air 

ASSESSMENT OF THE PERFORMANCE OF PORTABLE INSTRUMENTS  

FOR REAL -TIME AEROSOL MONITORING UNDER REAL -WORLD AMBIENT 

CONDITIONS  
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In the context of the project ñMITIGATING TRANSPORT-RELATED AIR POLLUTION IN 

EUROPE (MI-TRAP)ò, an MPSS calibration workshop took place in Prague, Czech Republic from 

November 25, 2024 to December 2, 2024.  

One of the participating instruments (a negative polarity MPSS) displayed significant difference 

(~25%) from the reference MPSS (positive polarity).  

In order to correct the discrepancies between the two instruments, Tikhonov regularization we 

used so as to fit the measurement data for the period from November 29, 2024 to December 2, 

2024. The initial MPSS inversion matrix, calculated according to (Peters, 2021) was the starting 

point and the generalized cross validation method was used to determine the optimum result.  

This work has received funding from the European Union's Horizon Europe program under 

grant agreement No 101138449 ð MI-TRAP.  
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ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮůŰɘɎɕŮɘ ůŰɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŮŰɞɘɛɧŰɖŰŬɠ əŬɘ Ŭˊɧəɟɘůɖɠ ůŮ ŮɜŭŮɢɧɛŮɜɖ 

əŬŰɎůŰŬůɖ ˊɡɟɖɜɘəɐɠ ɏəŰŬəŰɖɠ ŬɜɎɔəɖɠ. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, ŬɜŬˊŰɨɢɗɖəŮ ɛŮɗɞŭɞɚɞɔɑŬ 

ˊɘɗŬɜɞəɟŬŰɘəɐɠ Ŭɝɘɞɚɧɔɖůɖɠ ŭɘŬəɘɜŭɨɜŮɡůɖɠ ɚɧɔɤ ŮɜŭŮɢɧɛŮɜɖɠ ɏəɚɡůɖɠ Ŭˊɧ Űɞɜ ˊɡɟɖɜɘəɧ ůŰŬɗɛɧ 

Kozloduy. ɋɠ ŮɟɔŬɚŮɑɞ ŬɝɘɞˊɞɘɐɗɖəŮ Űɞ JRODOS (Java-based Real-time Decision Support), ɏɜŬ 

ůɨůŰɖɛŬ ŭɘŬɢŮɑɟɘůɖɠ əŬŰŬůŰɎůŮɤɜ ɏəŰŬəŰɖɠ ŬɜɎɔəɖɠ, ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ Ůɡɟɏɤɠ ɔɘŬ Űɖ 

ɛɞɜŰŮɚɞˊɞɑɖůɖ əŬɘ ɛŮɚɏŰɖ ůŮɜŬɟɑɤɜ ˊɡɟɖɜɘəɩɜ ŬŰɡɢɖɛɎŰɤɜ ůŮ ŭɘŮɗɜɏɠ ŮˊɑˊŮŭɞ. ȿŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɖ ɏɜŬ əŬɚɎ əŬɗɞɟɘůɛɏɜɞ ůɨɜɞɚɞ 365 ůŮɜŬɟɑɤɜ ɏəɚɡůɖɠ, ɡˊɞɚɞɔɑůŰɖəŮ ɖ ˊɘɗŬɜɧŰɖŰŬ Ɏűɘɝɖɠ 

Űɞɡ ɜɏűɞɡɠ, əŬɗɩɠ əŬɘ ɖ ɛɏůɖ Űɘɛɐ Űɞɡ ɟɡɗɛɞɨ ŭɧůɖɠ ůŰɞɜ ŬɏɟŬ ůŮ əɎɗŮ ˊŮɟɘɞɢɐ Űɖɠ ȺɚɚɎŭɞɠ. 

ɄŬɟɎɚɚɖɚŬ, ɛŮɚŮŰɐɗɖəŮ ɖ əŬŰŬɜɞɛɐ Űɖɠ ŭɧůɖɠ ůŰŬ ŬůŰɘəɎ əɏɜŰɟŬ Űɖɠ ɢɩɟŬɠ.   

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɝɘɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ˊɞůɞŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŭɘŬəɘɜŭɨɜŮɡůɖɠ əŬɘ Űɖɜ 

əŬŰɖɔɞɟɘɞˊɞɑɖůɖ əɎɗŮ ŭɘɞɘəɖŰɘəɐɠ ˊŮɟɘűɏɟŮɘŬɠ Űɖɠ ɢɩɟŬɠ ɓɎůɖ ŬɡŰɐɠ. ɇŬɡŰɞˊɞɘɐɗɖəŬɜ 29 

ŭɘɞɘəɖŰɘəɏɠ ˊŮɟɘűɏɟŮɘŮɠ ɛɏŰɟɘŬɠ əŬɘ ɢŬɛɖɚɐɠ ŭɘŬəɘɜŭɨɜŮɡůɖɠ. ȼ ɛŮɚɏŰɖ Ŭɝɘɞɚɧɔɖůɖɠ 

ŭɘŬəɘɜŭɨɜŮɡůɖɠ ŮűŬɟɛɧůŰɖəŮ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɓɏɚŰɘůŰɖɠ ɢɤɟɘəɐɠ əŬŰŬɜɞɛɐɠ ŬɜɘɢɜŮɡŰɩɜ 

ɛɏŰɟɖůɖɠ ɟŬŭɘŮɜɏɟɔŮɘŬɠ, ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ŬɜŬɓɎɗɛɘůɖɠ Űɞɡ ɡűɘůŰɎɛŮɜɞɡ ŰɖɚŮɛŮŰɟɘəɞɨ ŭɘəŰɨɞɡ ˊɞɡ 

ɚŮɘŰɞɡɟɔŮɑ ɖ Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ.   

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: Ŭɝɘɞɚɧɔɖůɖ ŭɘŬəɘɜŭɨɜŮɡůɖɠ, ˊɘɗŬɜɞəɟŬŰɘəɐ ɛŮɚɏŰɖ, ɛɞɜŰɏɚŬ ŬŰɛɞůűŬɘɟɘəɐɠ 

ŭɘŬůˊɞɟɎɠ  

 

ȸȺȿɇȽɆɇɃɄɃȽȼɆȼ ɇȼɆ ȾȷɇȷɁɃɀȼɆ ȷɁȽɉɁȺɈɇɋɁ ɅȷȹȽȺɁȺɅũȺȽȷɆ  

ɀȺɆɋ ɄȽŪȷɁɃȾɅȷɇȽȾȼɆ ȷɂȽɃȿɃũȼɆȼɆ ȹȽȷȾȽɁȹɈɁȺɈɆȼɆ  

ɆȺ ɄȺɅȽɄɇɋɆȼ ɄɈɅȼɁȽȾɃɈ ȷɇɈɉȼɀȷɇɃɆ 
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ŪŮɞűɨɚŬəŰɞɠ ɆŬɓɓɑŭɖɠ, Ȼɤɐ ɄɚɡŰɎ, ɉɟɘůŰɑɜŬ ŪŮɞŭɧůɖ 

ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ ȺɚɚɎŭŬɠ, ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ȺɚŮɡůɑɜŬɠ,   

ȾŬɜŮɚɚɞˊɞɨɚɞɡ 4, ȺɚŮɡůɑɜŬ 19200 ȺɚɚɎŭŬ  

e-mail: t.savvidis@aade.gr  

 

Ƀ əɚɎŭɞɠ Űɖɠ ŮɔəɚɖɛŬŰɞɚɞɔɑŬɠ ɞ ɞˊɞɑɞɠ ŬůɢɞɚŮɑŰŬɘ ɛŮ ŮɔəɚɐɛŬŰŬ əŬŰɎ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

ŮɑɜŬɘ ɖ ɄŮɟɘɓŬɚɚɞɜŰɘəɐ ȺɔəɚɖɛŬŰɞɚɞɔɑŬ (Environmental Forensics) əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ ɞ ůɡɜŭɡŬůɛɧɠ 

Űɖɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ɛŮ Űɖɜ ŬɜŬɚɡŰɘəɐ ɢɖɛŮɑŬ ɞ ɞˊɞɑɞɠ ɞŭɖɔŮɑ ůŮ ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬ ɞˊɞɑŬ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ŭɘəŬɘɞůɨɜɖɠ ɔɘŬ Űɞɜ ŮˊɘɛŮɟɘůɛɧ Ůɡɗɡɜɩɜ. ȼ ɏɟŮɡɜŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ Űɘ ɓɟɑůəŮŰŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ Ŭˊɧ ˊɞɡ ˊɟɞɐɚɗŮ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ˊɞɘɜɘəɐ 

ŭɑɤɝɖ Űɤɜ ɡˊŮɡɗɨɜɤɜ ɞɘ ɞˊɞɑɞɘ ˊŬɟɏɓɖůŬɜ ůɡɔəŮəɟɘɛɏɜŮɠ ŭɘŬŰɎɝŮɘɠ ůɢŮŰɘəɩɜ Ɂɧɛɤɜ.   

ȼ ŬɜɎɔəɖ əɞɘɜɐɠ ŬɜŰɘɛŮŰɩˊɘůɖɠ ˊŮɟɘůŰŬŰɘəɩɜ ɗŬɚɎůůɘŬɠ ɟɨˊŬɜůɖɠ ˊŬɟɞɡůɘɎůŰɖəŮ ɤɠ 

ŮˊɘŰŬəŰɘəɐ ŬɜɎɔəɖ Űɞ 2002 ɧŰŬɜ ɛŮŰɎ Ŭˊɧ ˊŮɟɘůŰŬŰɘəɧ ůɨɔəɟɞɡůɖɠ ŭɨɞ űɞɟŰɖɔɩɜ ˊɚɞɑɤɜ ůŰɖɜ 

ȷɃȻ Űɖɠ ũŬɚɚɑŬɠ (ˊŮɟɑˊɞɡ 20 ɛɑɚɘŬ Ŭˊɧ Űɘɠ ũŬɚɚɘəɏɠ ŬəŰɏɠ, ůŰɞ əŬɜɎɚɘ Űɖɠ ɀɎɔɢɖɠ). ɆŰɞ 

ˊŮɟɘůŰŬŰɘəɧ ŮɜŮˊɚɎəɖůŬɜ ŰɟŮɘɠ ɢɩɟŮɠ əŬɘ ˊɏɜŰŮ əɟŬŰɘəɎ ŮɟɔŬůŰɐɟɘŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɜ ɐŰŬɜ 

ůɡɔəɟɑůɘɛŬ əŬɘ ɡˊɐɟɢŬɜ ˊɞɚɚɏɠ ŬɜŰɘűɎůŮɘɠ.    

ũŮɜɜɐɗɖəŮ ɏŰůɘ ɏɜŬ ŭɑəŰɡɞ Ůˊɑůɖɛɤɜ əɟŬŰɘəɩɜ ŮɟɔŬůŰɖɟɑɤɜ (Bonn-OSInet) Űɞ 2005, ɡˊɧ Űɞ 

ɔŮɜɘəɧ ˊɚŬɑůɘɞ Űɖɠ ůɡɜɗɐəɖɠ Űɖɠ ȸɧɜɜɖɠ, ɡˊŮɨɗɡɜɤɜ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ɡˊŬɘŰɑɤɜ 

ˊɟɧəɚɖůɖɠ ɗŬɚɎůůɘŬɠ ɟɨˊŬɜůɖɠ.   

ȷˊɧ Űɖɜ ˊɟɩŰɖ ůŰɘɔɛɐ ŰɏɗɖəŬɜ ɘůɢɡɟɏɠ ɓɎůŮɘɠ ůɡɜŮɟɔŬůɑŬɠ ɛŮŰŬɝɨ Űɤɜ ŮɟɔŬůŰɖɟɑɤɜ-ɢɤɟɩɜ 

ɛŮ əɞɘɜɎ ŬˊɞŭŮəŰɧ Űɟɧˊɞ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ ɛŮɗɧŭɞɡ ŬɜɎɚɡůɖɠ, Ůɜɩ ŮŰɐůɘŮɠ ŭɘŮɟɔŬůŰɖɟɘŬəɏɠ 

ŬůəɐůŮɘɠ əŬɘ ůɡɜŬɜŰɐůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ ůɡɛɛŮŰɏɢɞɡɜ ŰŬ ŮɟɔŬůŰɐɟɘŬ ɓɞɖɗɞɨɜ ɩůŰŮ ɜŬ ɓŮɚŰɘɩɜŮŰŬɘ 

ůɡɜŮɢɩɠ ɖ Ŭˊɧŭɞůɐ Űɞɡɠ. ɀŬəɟɞˊɟɧɗŮůɛŬ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ůɡɜŮɟɔŬůɑŬɠ ŬɡŰɐɠ əŬŰɏɚɖɝŮ ɤɠ 

ŭɖɛɞůɘŮɡɛɏɜɞ ȺɡɟɤˊŬɥəɧ ɄɟɧŰɡˊɞ EN 15222 (EN 15222-1:2023, ȺɁ 15222-2:2023) Űɞ ɞˊɞɑɞ 

ŰɡɔɢɎɜŮɘ ŮɡɟŮɑŬɠ Ŭˊɞŭɞɢɐɠ. 

ɇɧůɞ Űɞ ˊɟɧŰɡˊɞ ɧůɞ əŬɘ ɞ Űɟɧˊɞɠ ŮűŬɟɛɞɔɐɠ Űɞɡ ůŰɖɜ ˊɟɎɝɖ ɗŬ ŮɑɜŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ 

ˊŬɟɞɡůɑŬůɖɠ ŬɡŰɐɠ. 

 

ȿɏɝŮɘɠ -ȾɚŮɘŭɘɎ: ŪŬɚɎůůɘŬ ɅɨˊŬɜůɖ, ɇŬɡŰɞˊɞɑɖůɖ YˊŬɘŰɑɤɜ, ȺɁ15222 

ɄȺɅȽȸȷȿȿɃɁɇȽȾȼ ȺũȾȿȼɀȷɇɃȿɃũȽȷ ɇȷɈɇɃɄɃȽȼɆȼ ɈɄȷȽɇȽɋɁ 

ɄɅɃȾȿȼɆȼɆ ŪȷȿȷɆɆȽȷɆ ɅɈɄȷɁɆȼɆ, ɄɅɃɇɈɄɃ ȺȿɃɇ EN 15222 
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K. Theodorou, M. Kolovou, K. Potiriadis  

Greek Atomic Energy Commission (EEAE)  

e-mail: kostastheodoroy13@gmail.com 

 

According to the ñCouncil Directive 2013/59/EURATOMò released by the European 

Commission, as well as the IAEAôs recommendations in ñGSR Part3ò, Greece is obligated to have 

an established national action plan to minimize the occupational exposure due to radon and 

maintain a national reference level of 300 Bq/m3 in dwellings and workplaces. The workplaces in 

which an increased radon concentration is anticipated, are mostly located underground or use and 

process underground water sources. Thermal spring facilities (spas) are considered as such 

workplaces in the national legislation and the monitoring of those facilities is part of the national 

action plan. In this work, two thermal spring facilities are reviewed regarding their radon 

concentration levels, according to the national legislation and the guidelines published by the Greek 

Atomic Energy Committee (EEAE). The measurements were conducted by placing passive 

SSNTDs (CR-39) in all indoor areas of the facility. The minimum and maximum values of the 

radon activity concentration in Spa A were found respectively 66.0 Ñ 11.9 Bq/m3 and 1976.2 Ñ 

137.4 Bq/m3, while in Spa B the respective values were calculated 76.5 Ñ 12.7 Bq/m3 and 167.2 Ñ 

19.0 Bq/m3. The radon activity concentrations, in every area of Spa B measured, were below the 

national reference limits, so no further investigation was needed. In Spa A, the radon activity 

concentration exceeded the reference level of  300 Bq/m3 in multiple areas. Thus, the facility has to 

be authorized by the EEAE through the Notification process and the annual effective dose that is 

received by the workers of Spa A was estimated. Additionally, some corrective measures in order to 

reduce the radon concentration inside the areas of the facility are proposed. Finally, an investigation 

regarding the sensitivity of the CR-39 sensors to the humidity of the environment that are exposed 

to, is conducted.  

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: Radon, Thermal Spa, Occupational exposure, Dose estimation, CR-39 

 

MEASUREMENT OF RADON CONCENTRATION AND DOSE ASSESSMENT  

IN THERMAL SPRING FACILITIES  
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The determination of nicotine and water in cigarette smoke is a critical component of smoking 

analysis, providing insights into product characteristics and potential health implications. This 

analysis is conducted in accordance with ISO 10315 (nicotine determination) and ISO 10362-1/2 

(water determination), which outline standardized methods for measuring these constituents in 

mainstream smoke. Using a smoking machine compliant with ISO 3308, smoke is generated under 

controlled conditions, and the particulate matter collected on a Cambridge filter pad is analyzed. 

Nicotine and water are quantified via gas chromatography coupled with FID and TCD, as specified 

in the standards. The current study aims to assess the impact of chromatographic calibration curves 

on the overall uncertainty associated with cigarette mainstream smoking analysis (i.e. smoking 

nicotine and smoking water). The primary factors that are examined and contributing to the 

estimation of overall expanded uncertainty (k factor = 2) include: (i) reproducibility (repeated 

measurements under reproducible conditions), (ii) preparation of the extraction solution (dilution 

steps, volumetric accuracy), (iii) preparation of calibration standards (errors in weighing and 

diluting high-purity reference materials) and (iv) development of calibration curves (standard error 

of the regression and residuals, impact of the calibration range and weighting strategy on the curve's 

precision).  

The results indicate that approximately 10% of the overall expanded uncertainty for smoking 

nicotine analysis originates from the nicotine calibration curve, while approximately 35% of the 

overall expanded uncertainty for smoking water analysis is attributable to the water calibration 

curve. The lower contribution and superior performance in the case of nicotine (3.5 times less) can 

be attributed to the higher linearity of the nicotine calibration curves, as demonstrated by the 

correlation coefficient values (RĮ for water = 0.99, RĮ for nicotine = 0.9998).  

Conclusively, the calibration curves are a critical component in cigarette mainstream smoking 

analysis. Their accuracy and precision significantly impact on the overall measurement uncertainty. 

Systematic assessment and minimization of uncertainties associated with calibration curves are 

essential to ensure reliable and reproducible results. The current analysis highlights the need for 

robust calibration practices as part of an effective quality assurance program.  

 

Keywords: Smoking Analysis, Uncertainty, Calibration Curves, Nicotine, Water 

ESTIMATION OF THE IMPACT  

OF CHROMATOGRAPHIC CALIBRATION CURVES  

ON THE UNCERTAINTY OF CIGARETTE MAINSTREAM SMOKING ANALYSIS  
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ȾɤɜůŰŬɜŰɑɜɞɠ ȻŬɢŬɟɑŬɠ əŬɘ ɉɟɐůŰɞɠ ɀˊŬɜŰɐɠ 

Ⱥɚɚɖɜɘəɧ ȽɜůŰɘŰɞɨŰɞ ɀŮŰɟɞɚɞɔɑŬɠ - Ⱥɗɜɘəɧ ɆɨůŰɖɛŬ Ɉˊɞŭɞɛɩɜ ɄɞɘɧŰɖŰŬɠ, ȸȽ.ɄȺ.Ū Ɇɑɜŭɞɡ, 57022 

ŪŮůůŬɚɞɜɑəɖ 

e-mail: zacharias@eim.gr 

 

ȼ ŮɡŬɘůɗɖůɑŬ Ůɜɧɠ ɛɘəɟɞűɩɜɞɡ, ŭɖɚŬŭɐ ɖ ɖɚŮəŰɟɘəɐ ŰɎůɖ ˊɞɡ ˊŬɟɎɔŮɘ ɤɠ ˊɟɞɠ Űɖɜ ɖɢɖŰɘəɐ 

ˊɑŮůɖ, ŮɑɜŬɘ ɖ ɓŬůɘəɧŰŮɟɖ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ŭɘŬəɟɑɓɤůɐɠ Űɞɡ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŭɘŬəɟɑɓɤůɖɠ ɛɘəɟɞűɩɜɤɜ ŮɚŮɨɗŮɟɞɡ ˊŮŭɑɞɡ 

ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ˊɟɞəŮɘɛɏɜɞɡ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŮɡŬɘůɗɖůɑŬɠ Űɞɡɠ ůŮ 

ŮɚŮɨɗŮɟɞ ɖɢɖŰɘəɧ ˊŮŭɑɞ. ȼ ɛɏɗɞŭɞɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ, ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ IEC 61094-8, ŮɑɜŬɘ 

Űɖɠ ŭɘŬŭɞɢɘəɐɠ ůɨɔəɟɘůɖɠ ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ Űɞ ɛɘəɟɧűɤɜɞ ŮɚŮɨɗŮɟɞɡ ˊŮŭɑɞɡ 

əŬɘ Űɞ ɛɘəɟɧűɤɜɞ ŬɜŬűɞɟɎɠ ŮəŰɑɗŮɜŰŬɘ ŭɘŬŭɞɢɘəɎ ůŰɞ ɑŭɘɞ ɖɢɖŰɘəɧ ˊŮŭɑɞ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ɛŮŰɟɐůŮɘɠ ŭɘŬəɟɑɓɤůɖɠ ŮɜŰɧɠ Ŭɜɖɢɤɘəɞɨ ɗŬɚɎɛɞɡ ůŮ ůɡɜɗɐəŮɠ ŮɚŮɨɗŮɟɞɡ ˊŮŭɑɞɡ əŬɘ ɛŮɚŮŰɐɗɖəŮ 

ɖ ɢɟɐůɖ ɖɢŮɑɞɡ ˊɟɞůɞɛɞɘɤŰɐ ůŰɧɛŬŰɞɠ (mouth simulator) ɤɠ ˊɟɧŰɡˊɖ ɖɢɖŰɘəɐ ˊɖɔɐ. ɇɏɚɞɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ Űɖɠ ɛŮɗɧŭɞɡ Űɖɠ ŭɘŬŭɞɢɘəɐɠ ůɨɔəɟɘůɖɠ əŬɘ ɞɘ ˊŬɟɎɔɞɜŰŮɠ Űɤɜ 

ŬɓŮɓŬɘɞŰɐŰɤɜ ˊɞɡ ɡˊŮɘůɏɟɢɞɜŰŬɘ ůŰɖɜ ŭɘŬəɟɑɓɤůɖ ɛɘəɟɞűɩɜɤɜ ŮɚŮɨɗŮɟɞɡ ˊŮŭɑɞɡ ůŮ Ŭɜɖɢɤɘəɧ 

ɗɎɚŬɛɞ. 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ŭɘŬəɟɑɓɤůɖ, ɛɘəɟɧűɤɜŬ ŮɚŮɨɗŮɟɞɡ ˊŮŭɑɞɡ, ɛɏɗɞŭɞɠ Űɖɠ ŭɘŬŭɞɢɘəɐɠ ůɨɔəɟɘůɖɠ, IEC 

61094-8, Ŭɜɖɢɤɘəɧɠ ɗɎɚŬɛɞɠ 

 

ȹȽȷȾɅȽȸɋɆȼ ɀȽȾɅɃūɋɁɋɁ ȺȿȺɈŪȺɅɃɈ ɄȺȹȽɃɈ (FREE-FIELD) ɀȺ ɇȼ 

ɀȺŪɃȹɃ ɇȼɆ ȹȽȷȹɃɉȽȾȼɆ ɆɈũȾɅȽɆȼɆ 
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Ⱦɞəəɑɜɖ ȺɡɛɞɟűɑŬ1 əŬɘ ɆɞűɑŬ ȾɤɜůŰŬɜŰɞˊɞɨɚɞɡ2 
1Ⱥɚɚɖɜɘəɧ ȽɜůŰɘŰɞɨŰɞ ɀŮŰɟɞɚɞɔɑŬɠ, ȸȽ.ɄȺ.Ū. Ɇɑɜŭɞɠ 57022, ŰŮŰɟ. 45 

2Ⱥɚɚɖɜɘəɧ ȽɜůŰɘŰɞɨŰɞ ɈɔŮɑŬɠ & ȷůűɎɚŮɘŬɠ ůŰɖɜ ȺɟɔŬůɑŬ, ȿɘɞůɑɤɜ 143 & ŪŮɘɟůɑɞɡ 6, 10445, ȷɗɐɜŬ, 

e-mail: kokkini@eim.gr 

 

ɆɨɛűɤɜŬ ɛŮ Űɞ ŭɘŮɗɜɏɠ ˊɟɧŰɡˊɞ ISO 7243:2017, ˊɞɡ ŬűɞɟɎ ůŰɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ɗŮɟɛɘəɐɠ 

əŬŰŬˊɧɜɖůɖɠ ůŰɞɜ ŮɟɔŬůɘŬəɧ ɢɩɟɞ, ŮůɤŰŮɟɘəɧ ɐ ŮɝɤŰŮɟɘəɧ, ɞ ŭŮɑəŰɖɠ WBGT (Wet-Bulb Globe 

Temperature) /ŪɈȸɀȷɆ (ŪŮɟɛɞəɟŬůɑŬ Ɉɔɟɞɨ ȸɞɚɓɞɨ & ɀŬɨɟɞɡ ɆűŬɘɟɘŭɑɞɡ) ŮəŰɘɛɎ Űɖ ɗŮɟɛɘəɐ 

əŬŰŬˊɧɜɖůɖ ɚɧɔɤ ɏəɗŮůɖɠ ůŮ ɕŮůŰɧ ˊŮɟɘɓɎɚɚɞɜ ˊɞɡ ŭɏɢŮŰŬɘ ɏɜŬɠ Ɏɜɗɟɤˊɞɠ. ȼ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ 

ŭŮɑəŰɖ WBGT ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɘɠ ŮɜŭŮɑɝŮɘɠ ˊɞɡ əŬŰŬɔɟɎűɞɡɜ ɞɘ ŬɘůɗɖŰɐɟŮɠ ɝɖɟɞɨ ɓɞɚɓɞɨ, 

ɡɔɟɞɨ ɓɞɚɓɞɨ əŬɘ ɛŬɨɟɞɡ ůűŬɘɟɘŭɑɞɡ. ɀɏɢɟɘ ůŰɘɔɛɐɠ ŭŮɜ ɏɢŮɘ ɡˊɎɟɝŮɘ Űɡˊɞˊɞɘɖɛɏɜɖ ŭɘŬŭɘəŬůɑŬ 

ŭɘŬəɟɑɓɤůɖɠ ŬɡŰɩɜ Űɤɜ ɛŮŰɟɖŰɩɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞ ŮɟɔŬůŰɐɟɘɞ ɗŮɟɛɞəɟŬůɑŬɠ ï ɡɔɟŬůɑŬɠ Űɞɡ ȺɆɈɄ/Ⱥ.Ƚ.ɀ. ˊɟɞəŮɘɛɏɜɞɡ ɔɘŬ Űɖ 

ŭɘŬəɟɑɓɤůɖ ɛŮŰɟɖŰɐ WBGT, əŬɗɩɠ əŬɘ Űɞ ŬɜŬɚɡŰɘəɧ ɛɞɜŰɏɚɞ ɡˊɞɚɞɔɘůɛɞɨ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɖɠ 

ŭɘŬəɟɑɓɤůɖɠ ŬɡŰɐɠ. 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɗŮɟɛɘəɐ əŬŰŬˊɧɜɖůɖ, ŭɘŬəɟɑɓɤůɖ, ŭŮɑəŰɖɠ WBGT, ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ, 

ɡˊɞɚɞɔɘůɛɧɠ ŬɓŮɓŬɘɧŰɖŰŬɠ 

ȹȽȷȾɅȽȸɋɆȼ ɀȺɇɅȼɇȼ ȹȺȽȾɇȼ WBGT & ɈɄɃȿɃũȽɆɀɃɆ ȷȸȺȸȷȽɃɇȼɇȷɆ 

ȷɄɃ ɇɃ ȺɅũȷɆɇȼɅȽɃ ŪȺɅɀɃȾɅȷɆȽȷɆ ï ɈũɅȷɆȽȷɆ ȺɆɈɄ/Ⱥ.Ƚ.ɀ. 
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ɄŬɜŰŮɚŮɎəɖɠ ūɑɚɘˊˊɞɠ əŬɘ ɉɟɘůŰɞűɧɟɞɡ ȺɡɎɔɔŮɚɞɠ 

ȺɟɔŬůŰɐɟɘɞ ȼɚŮəŰɟɞɜɘəɩɜ ȷɘůɗɖŰɖɟɑɤɜ, ɆȼɀɀɈ, ȺɀɄ 

email: ppanteleakis@mail.ntua.gr 

 

ɇɞ ɧɟɔŬɜɞ ˊɞɡ ˊɟɞŰŮɑɜŮŰŬɘ ŬˊɞůəɞˊŮɑ ůŰɖ ɓŬɗɛɞɜɧɛɖůɖ ŬɘůɗɖŰɐɟɤɜ űɤŰɧɠ ɛɏůɤ ɛɘŬɠ 

ɛŮɗɧŭɞɡ ˊɞɡ ůɡɜŭɡɎɕŮɘ Űɞ ˊŮɑɟŬɛŬ ˊɞɚɚŬˊɚɩɜ ůɢɘůɛɩɜ əŬɘ ɏɜŬ ŬɜɎɚɞɔɞ ɛŬɗɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ 

əŬŰŬɜɞɛɐɠ Űɞɡ űɤŰɧɠ. ȼ ŭɘɎŰŬɝɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ LASER, ɏɜŬ űɟɎɔɛŬ ˊŮɟɑɗɚŬůɖɠ, ɛɘŬ ɞɗɧɜɖ 

əŬɘ Űɞɜ ŬɘůɗɖŰɐɟŬ ˊɟɞɠ ɓŬɗɛɞɜɧɛɖůɖ ɛŮ Űɞ əɨəɚɤɛŬ ŬɜɎɔɜɤůɐɠ Űɞɡ. ɇɞ űŬɘɜɧɛŮɜɞ Űɖɠ ůɡɛɓɞɚɐɠ 

əŬɘ Űɖɠ ˊŮɟɑɗɚŬůɖɠ ŮəŭɖɚɩɜŮŰŬɘ əŬɗɩɠ ɛɘŬ ŭɏůɛɖ LASER ŭɘɏɟɢŮŰŬɘ ɛɏůŬ Ŭˊɧ Űɞ űɟɎɔɛŬ 

ˊŮɟɑɗɚŬůɖɠ. ȺɜɘůɢɡŰɘəɞɑ əŬɘ əŬŰŬůŰɟŮˊŰɘəɞɑ əɟɞůůɞɑ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŰɞɜ ɉ ɎɝɞɜŬ Űɖɠ ɞɗɧɜɖɠ 

ˊɞɡ ɓɟɑůəŮŰŬɘ ɏɜŬɜŰɘ Űɞɡ LASER. ɇɞ əŬŰŬůəŮɡŬůɛɏɜɞ ɛɞɜŰɏɚɞ ˊɞůɞŰɘəɞˊɞɘŮɑ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ 

űɤŰɧɠ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŰɖɜ ɞɗɧɜɖ. Ƀɘ ŮɜŭŮɑɝŮɘɠ Űɞɡ ɛɞɜŰɏɚɞɡ ŭɘŬůŰŬɡɟɩɜɞɜŰŬɘ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ˊɟɧŰɡˊɞɡɠ ɛŮŰɟɖŰɏɠ H/M ɘůɢɨɞɠ. Ƀ ůɡɜŭɡŬůɛɧɠ ŬɡŰɧɠ ɛŬɠ ŭɑɜŮɘ ɛɘŬ əŬɚɐ 

ŮəŰɑɛɖůɖ Űɞɡ ɟɡɗɛɞɨ ŮɘůŮɟɢɧɛŮɜɤɜ űɤŰɞɜɑɤɜ ůŮ əɎɗŮ ůɖɛŮɑɞ Űɖɠ ɞɗɧɜɖɠ. ɀŮŰŬəɘɜɩɜŰŬɠ Űɞɜ 

ŬɘůɗɖŰɐɟŬ ˊɟɞɠ ɓŬɗɛɞɜɧɛɖůɖ əŬŰɎ ɛɐəɞɠ Űɞɡ ɉ ɎɝɞɜŬ, ɛŮŰŬɝɨ Űɤɜ əɟɞůůɩɜ ůɡɛɓɞɚɐɠ, 

ŬɜŰɘůŰɞɘɢɞɨɛŮ Űɖɜ Ŭˊɧəɟɘůɐ Űɞɡ ůŮ əɎɗŮ ɗɏůɖ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ űɤŰɞɜɑɤɜ ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ Űɞ 

ɛɞɜŰɏɚɞ. ȼ Ŭˊɧəɟɘůɖ Űɞɡ ŬɘůɗɖŰɐɟŬ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ çůəɞŰŮɘɜɞɨ ɗɞɟɨɓɞɡè əŬɘ əɞɟŮůɛɞɨ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ŬɘůɗɖŰɐɟŮɠ űɤŰɧɠ, ɓŬɗɛɞɜɧɛɖůɖ, űɟɎɔɛŬ ˊŮɟɑɗɚŬůɖɠ, ɛɞɜŰɏɚɞ əŬŰŬɜɞɛɐɠ 

űɤŰɞɜɑɤɜ 

ɃɅũȷɁɃ ȸȷŪɀɃɁɃɀȼɆȼɆ ũȽȷ ȷɁȽɉɁȺɈɆȼ ūɋɇɃɁȽɋɁ 
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ɆɞűɑŬ ũ. ɆɤŰɖɟɘɎŭɞɡ, ɀɎɟəɞɠ Ƚ. ȷůůŬɏɚ 

ȺɟɔŬůŰɐɟɘɞ ŪŮɟɛɞűɡůɘəɩɜ ȽŭɘɞŰɐŰɤɜ əŬɘ ɄŮɟɘɓŬɚɚɞɜŰɘəɩɜ ȹɘŮɟɔŬůɘɩɜ,  

ɇɛɐɛŬ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ.  

email: assael@auth.gr  

 

ȼ ɗŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ ŬɕɩŰɞɡ (əŬɘ Űɞɡ Ŭɟɔɞɨ) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ɓŬɗɛɞɜɧɛɖůɖ 

ɞɟɔɎɜɤɜ ɛɏŰɟɖůɖɠ Űɖɠ ɗŮɟɛɘəɐɠ ŬɔɤɔɘɛɧŰɖŰŬɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ ŬŰɛɞůűŬɘɟɘəɐ, ŬɚɚɎ əŬɘ ůŮ 

ɡɣɖɚɐ ˊɑŮůɖ. ɆŰɖɜ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɘŬ ɜɏŬ ŮɡɟŮɑŬɠ-ˊŮɟɘɞɢɐɠ ˊɟɧŰɡˊɖ ůɡůɢɏŰɘůɖ ɔɘŬ Űɖ 

ɗŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ Űɞɡ ŬɕɩŰɞɡ, ˊɞɡ ɓŬůɑɕŮŰŬɘ:  

Ŭ) ůŰɞɡɠ ˊɘɞ ˊɟɧůűŬŰɞɡɠ ab initio ɗŮɤɟɖŰɘəɞɨɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɔɘŬ ŬɏɟɘŬ ůŮ ɢŬɛɖɚɐ ˊɡəɜɧŰɖŰŬ,   

ɓ) ůŮ ɛɘŬ Ŭˊɚɞˊɞɘɖɛɏɜɖ ůɡɜŮɘůűɞɟɎ Ŭˊɧəɟɘůɖɠ ůŰɖɜ əɟɑůɘɛɖ ˊŮɟɘɞɢɐ, əŬɘ   

ɔ) ůŮ əɟɘŰɘəɎ ŬɝɘɞɚɞɔɖɛɏɜŬ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ.  

ȼ ůɡůɢɏŰɘůɖ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɔɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛɘŬ əŬŰŬůŰŬŰɘəɐ Ůɝɑůɤůɖ 

Helmholtz ɡɣɖɚɐɠ ŬəɟɑɓŮɘŬɠ.  

ȼ ŮəŰɘɛɩɛŮɜɖ ŮəŰŮŰŬɛɏɜɖ ŬɓŮɓŬɘɧŰɖŰŬ (ůŮ ŮˊɑˊŮŭɞ ŮɛˊɘůŰɞůɨɜɖɠ 95%) əŬɗɞɟɑɕŮŰŬɘ 

ŬɜŰɑůŰɞɘɢŬ, ɤɠ 

¶ ȷɏɟɘŬ űɎůɖ:  

1%, ůŰɖɜ ˊŮɟɘɞɢɐ 102 K ɏɤɠ 700 K əŬɘ ɏɤɠ 1 MPa, ɏɤɠ   

4%, ůŰɖɜ ˊŮɟɘɞɢɐ 500 K ɏɤɠ 744 K əŬɘ Ŭˊɧ 1 MPa ɏɤɠ 40 MPa.   

¶ ȷɏɟɘŬ əŬɘ ɡˊŮɟəɟɑůɘɛɖ ˊŮɟɘɞɢɐ:  

2.2%, Ŭˊɧ 110 K ɏɤɠ 475 K əŬɘ Ŭˊɧ 1 MPa ɏɤɠ 1000 MPa.   

¶ Ɉɔɟɐ űɎůɖ:  

3%, Ŭˊɧ 81 K ɏɤɠ 122 K əŬɘ  ɏɤɠ 70 MPa.  

ȼ ůɡůɢɏŰɘůɖ ˊŬɟɞɡůɘɎɕŮɘ űɡůɘɞɚɞɔɘəɐ ůɡɛˊŮɟɘűɞɟɎ ɧŰŬɜ ŮˊŮəŰŮɑɜŮŰŬɘ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ əɎŰɤ 

Ŭˊɧ Űɞ Űɟɘˊɚɧ ůɖɛŮɑɞ əŬɘ ɏŰůɘ ŮɑɜŬɘ əŬŰɎɚɚɖɚɖ ɔɘŬ ɢɟɐůɖ ůŮ ɞɟɘůɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ ŬɜŰɑůŰɞɘɢɤɜ 

əŬŰŬůŰɎůŮɤɜ. ɋůŰɧůɞ, ŬˊŬɘŰŮɑŰŬɘ ˊɟɞůɞɢɐ əŬŰɎ Űɖ ɢɟɐůɖ Űɖɠ ůɡůɢɏŰɘůɖɠ ŮəŰɧɠ Űɞɡ ˊŮɘɟŬɛŬŰɘəɎ 

Ůˊɘəɡɟɤɛɏɜɞɡ Ůɨɟɞɡɠ.  

ȼ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞ Ⱥɗɜɘəɧ ȽɜůŰɘŰɞɨŰɞ ɄɟɞŰɨˊɤɜ əŬɘ 

ɇŮɢɜɞɚɞɔɑŬɠ (NIST), ůŰɞ Boulder, CO, USA.  

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɎɕɤŰɞ, ɗŮɟɛɘəɐ ŬɔɤɔɘɛɧŰɖŰŬ, ˊɟɧŰɡˊɖ ůɡůɢɏŰɘůɖ 

 

 

ŪȺɅɀȽȾȼ ȷũɋũȽɀɃɇȼɇȷ ɇɃɈ ȷȻɋɇɃɈ:  

ɁȺȷ ɄɅɃɇɈɄȼ ɆɈɆɉȺɇȽɆȼ ȷɄɃ ɇɃ ɇɅȽɄȿɃ ɆȼɀȺȽɃ  

ȺɋɆ ɈɊȼȿȺɆ ŪȺɅɀɃȾɅȷɆȽȺɆ ȾȷȽ ɄȽȺɆȺȽɆ 
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Ɇˊɡɟɑŭɤɜ ȷɚŮɘűɏɟɖɠ1,2, ūɩŰɖɠ ɀˊŬɥɟŬəŰɎɟɖɠ2 əŬɘ ȽɤɎɜɜɖɠ Ⱦɞɛɑɜɖɠ2
  

1Complexity Cybernetics, ȷɗɐɜŬ, ȺɚɚɎŭŬ  
2Ɇɢɞɚɐ ȺűŬɟɛɞůɛɏɜɤɜ ɀŬɗɖɛŬŰɘəɩɜ əŬɘ ūɡůɘəɩɜ ȺˊɘůŰɖɛɩɜ,   

Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ, ȷɗɐɜŬ, ȺɚɚɎŭŬ  

e-mail: aleiferis@complexitycybernetics.com   

 

ɇŬ ůɖɛŮɟɘɜɎ ˊŮɘɟɎɛŬŰŬ ůɨɜŰɖɝɖɠ ŮɜůɤɛŬŰɩɜɞɡɜ ɛɑŬ ŮɡɟŮɑŬ ɔəɎɛŬ ɛŮŰɟɖŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ, 

ɔɘŬ Űɖ ɚŮˊŰɞɛŮɟɐ ɛŮɚɏŰɖ ŭɘŬűɧɟɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ˊɚɎůɛŬŰɞɠ. ȷɜŰɘŭɟŬůŰɐɟŮɠ ɧˊɤɠ Űɞ ITER, 

ɏɢɞɡɜ ɏɜŬ ŭŬɘŭŬɚɩŭŮɠ ůɨɛˊɚŮɔɛŬ ŰɏŰɞɘɤɜ ůɡůŰɖɛɎŰɤɜ, ˊɟɞůˊŬɗɩɜŰŬɠ ɜŬ ɛŮɔɘůŰɞˊɞɘɐůɞɡɜ Űɖɜ 

ɢɤɟɘəɐ əɎɚɡɣɖ ŬɚɚɎ əŬɘ Űɖɜ ŮɡəɟɑɜŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. Ƀɘ ɛɖ űɘɚɘəɏɠ ůɡɜɗɐəŮɠ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ 

ůŰɞɡɠ ŬɜŰɘŭɟŬůŰɐɟŮɠ ůɨɜŰɖɝɖɠ (ɜŮŰɟɧɜɘŬ, ŬəŰɑɜŮɠ ɔ, ɟɞɏɠ ŮɜŮɟɔɖŰɘəɩɜ ůɤɛŬŰɘŭɑɤɜ, ɡɣɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ, ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ ŭɡɜɎɛŮɘɠ ə.Ŭ.), ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

ˊɟɞəŬɚɏůɞɡɜ Űɖɜ ɔɟɐɔɞɟɖ ɔɐɟŬɜůɖ ɐ əŬɘ Űɖɜ ŬůŰɞɢɑŬ ŭɘŬűɧɟɤɜ ŬɘůɗɖŰɐɟɤɜ, ˊŬɟŬəɘɜɩɜŰŬɠ Űɖɜ 

ŬɜɎˊŰɡɝɖ ɛɑŬɠ ůŮɘɟɎɠ Ŭˊɧ ˊɟɞůŰŬŰŮɡŰɘəɎ ɛɏŰɟŬ. ɇŬɡŰɧɢɟɞɜŬ, ŬəɞɚɞɡɗŮɑŰŬɘ ɏɜŬɠ ŭɞɛɞůŰɞɘɢŮɘɤŰɧɠ 

ůɢŮŭɘŬůɛɧɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖ ůɡɢɜɐ ůɡɜŰɐɟɖůɖ Űɞɡ Ůɝɞˊɚɘůɛɞɨ. ɋůŰɧůɞ, ɖ ɛŮɚɚɞɜŰɘəɐ ɛŮŰɎɓŬůɖ 

ůŮ ɛɞɜɎŭŮɠ ˊŬɟŬɔɤɔɐɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ůɨɜŰɖɝɖ űɏɟɜŮɘ ůŰɞ ˊɟɞůəɐɜɘɞ ɛɑŬ ůŮɘɟɎ Ŭˊɧ ɜɏŮɠ 

ˊɟɞəɚɐůŮɘɠ. ȷűŮɜɧɠ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ŬɜɎɔəɖ ɔɘŬ ŮɨɟɤůŰŬ ůɡůŰɐɛŬŰŬ, ůɡɜŮɢɞɨɠ ɚŮɘŰɞɡɟɔɑŬɠ, ˊɞɡ 

ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɏɝɞɡɜ Űɞ ɛɖ űɘɚɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ˊɚɎůɛŬŰɞɠ ůɨɜŰɖɝɖɠ, Ůɜɩ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ Űɘɠ 

ŬˊŬɟŬɑŰɖŰŮɠ ɛŮŰɟɐůŮɘɠ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɞɡ ˊɚɎůɛŬŰɞɠ. ȷɡŰɧ ůɡɢɜɎ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ůŮ 

ɚŮɘŰɞɡɟɔɘəɎ ůɖɛŮɑŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ ůŰŬ ŰŮɢɜɘəɎ ɧɟɘŬ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ, ŮɝŬůűŬɚɑɕɞɜŰŬɠ 

ɞɘəɞɜɞɛɘəɧŰŮɟɖ ɢɟɐůɖ Űɤɜ ɡɚɘəɩɜ. ȷűŮŰɏɟɞɡ, ɔɘŬ Űɖɜ ŬˊɞŭɞŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, ɞɘ 

ŬɜŰɘŭɟŬůŰɐɟŮɠ ůɨɜŰɖɝɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬɜŬŰɟɞűɞŭɞŰɞɨɛŮɜɞɘ, Űɞ ɞˊɞɑɞ əŬɗɘůŰɎ Űɞɜ ɏɚŮɔɢɞ 

Űɞɡɠ ˊɘɞ ŬɟəŮŰɎ ˊɘɞ ˊɞɚɨˊɚɞəɞ. ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɞɡ ˊɚɎůɛŬŰɞɠ ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬˊɎɜɤ, Űɞ 

ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ ŭŮɜ ŬɟəŮɑŰŬɘ ůŰɖɜ Ŭˊɚɐ ɛɏŰɟɖůɖ ˊŬɟŬɛɏŰɟɤɜ, ŬɚɚɎ çŬɜŰɘɚŬɛɓɎɜŮŰŬɘè Űɖɜ 

əŬŰɎůŰŬůɖ Űɞɡ ˊɚɎůɛŬŰɞɠ əŬɘ ŮɜŮɟɔŮɑ əŬŰɎɚɚɖɚŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɧ Űɞɡ, ɐ ŰɞɡɚɎɢɘůŰɞɜ ɔɘŬ Űɖɜ 

ˊɟɞůŰŬůɑŬ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ. ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɧ, ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ɛɏɗɞŭɞɘ 

ˊɞɚɡŬɘůɗɖŰɖɟɘŬəɐɠ ůɡɔɢɩɜŮɡůɖɠ ɓŬůɘůɛɏɜŮɠ ůŰɖ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ, Ůɜɩ ůŮ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ, 

ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɛŬɗɖɛŬŰɘəɎ ˊɟɧŰɡˊŬ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ɢɟɐůɘɛɤɜ ˊɚɖɟɞűɞɟɘɩɜ. ɇŬ 

ˊɟɧŰɡˊŬ ŬɡŰɎ ŮɑɜŬɘ ůɡɢɜɎ ɞŭɖɔɞɨɛŮɜŬ Ŭˊɧ ŭŮŭɞɛɏɜŬ əŬɘ, əŬɗɩɠ ŮəŰŮɚɞɨɜŰŬɘ ůŮ ˊɟŬɔɛŬŰɘəɧ 

ɢɟɧɜɞ, ɚŮɘŰɞɡɟɔɞɨɜ ůŬɜ ɣɖűɘŬəɎ ŭɑŭɡɛŬ. ɆŰɖɜ ŮɟɔŬůɑŬ ŬɡŰɐ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊɟɞɞˊŰɘəɏɠ ɔɘŬ Űɖɜ 

ɢɟɐůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ɛŮɗɧŭɤɜ ůŰɞɜ ɏɚŮɔɢɞ Űɞɡ ˊɚɎůɛŬŰɞɠ ˊɡɟɖɜɘəɐɠ ůɨɜŰɖɝɖɠ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ˊɡɟɖɜɘəɐ ůɨɜŰɖɝɖ, ŬɘůɗɖŰɐɟŮɠ ˊɚɎůɛŬŰɞɠ, ŬɘůɗɖŰɐɟŮɠ ŬɜɗŮəŰɘəɞɑ ůŰɖɜ ŬəŰɘɜɞɓɞɚɑŬ, 

ˊɞɚɡŬɘůɗɖŰɖɟɘŬəɐ ůɡɔɢɩɜŮɡůɖ, ɣɖűɘŬəɎ ŭɑŭɡɛŬ 

 

ɄɅɃȾȿȼɆȺȽɆ ȾȷȽ ɄɅɃɃɄɇȽȾȺɆ ũȽȷ ɇȼɁ ȷɁȷɄɇɈɂȼ ɆɈɆɇȼɀȷɇɋɁ 

ɀȺɇɅȼɆȺɋɁ ɇɃɈ ɄȿȷɆɀȷɇɃɆ ɄɈɅȼɁȽȾȼɆ ɆɈɁɇȼɂȼɆ  
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ȼ ɚɐɣɖ ˊɡɟɐɜɤɜ ůəɡɟɞŭɏɛŬŰɞɠ ůŮ ɡűɘůŰɎɛŮɜŮɠ əŬŰŬůəŮɡɏɠ ŮɑɜŬɘ ɛɘŬ əɟɑůɘɛɖ ŭɘŮɟɔŬůɑŬ ɔɘŬ 

Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ůŰŬŰɘəɐɠ Űɞɡɠ ŮˊɎɟəŮɘŬɠ. Ƀɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ 

ŭɞəɘɛɐɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŬɜŰɞɢɐɠ Űɤɜ ˊɡɟɐɜɤɜ ůŮ ɗɚɑɣɖ ŮɑɜŬɘ ŬɟəŮŰɞɑ əŬɘ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ 

Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ, Űɖ ŭɘŬŭɘəŬůɑŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŬɚɚɎ əŬɘ Űɖɜ əŬŰŮɟɔŬůɑŬ Űɤɜ ŭŮɘɔɛɎŰɤɜ. 

H ŭɘŮɟɔŬůɑŬ Ůˊɘɚɞɔɐɠ Űɤɜ ůɖɛŮɑɤɜ ɚɐɣɖɠ əŬɘ Ŭˊɞəɞˊɐɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ Ŭˊɧ ŭɞɛɏɠ ůəɡɟɞŭɏɛŬŰɞɠ ɞɘ 

ɞˊɞɑŮɠ ɐŭɖ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŬɜɞɛɞɘɞɔɏɜŮɘŬ Űɤɜ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ ŮɑɜŬɘ 

ŭɡɜŬɛɘəɐ. ɇɞ ˊɚɐɗɞɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ Ůˊɘŭɟɞɨɜ ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ Ůɚɏɔɢɞɡ ɛɘŬɠ ɡűɘůŰɎɛŮɜɖɠ 

əŬŰŬůəŮɡɐɠ Ŭˊɧ ůəɡɟɧŭŮɛŬ, Ŭˊɧ Űɖ űɎůɖ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɏɤɠ Űɖɜ ŰŮɚɘəɐ Ŭɝɘɞɚɧɔɖůɖ, ŮɑɜŬɘ 

ɛŮɔɎɚɞ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ əŬɘ Űɞ ȺɡɟɤˊŬɥəɧ ɄɟɧŰɡˊɞ ȺɁ 13791:2020. ɆŰɞ ˊɟɩŰɞ ɛɏɟɞɠ Űɖɠ 

ŮɟɔŬůɑŬɠ, ŬɜŬɚɨɞɜŰŬɘ ɛŮ Űɖ ɢɟɐůɖ ŭɘŬɔɟɎɛɛŬŰɞɠ Ishikawa ɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

Ůˊɘŭɟɞɨɜ ůŰɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŭɞəɘɛɐɠ ůŮ ɗɚɑɣɖ, Ŭˊɧ Űɖ űɎůɖ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ɏɤɠ Űɖɜ 

ŰŮɚɘəɐ ŮɝŬɔɤɔɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. ȼ ŬɜɎɚɡůɖ ŬɡŰɐ ŬűɞɟɎ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊɟɞŭɘŬɔɟɎűŮŰŬɘ 

ůŰɞ ȺɡɟɤˊŬɥəɧ ɄɟɧŰɡˊɞ EN 12504-1:2019, ɤɠ ˊɟɞɠ Űɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɤɜ ˊɡɟɐɜɤɜ 

ůəɡɟɞŭɏɛŬŰɞɠ əŬɘ Űɞ ȺɡɟɤˊŬɥəɧ ɄɟɧŰɡˊɞ ȺɁ 12390-3:2019 ɤɠ ˊɟɞɠ Űɖ ŭɞəɘɛɐ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ Űɤɜ ŭɞəɘɛɑɤɜ. ɆŰɞ ŭŮɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ɔɑɜŮŰŬɘ 

ŮəŰɑɛɖůɖ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ ůɨɛűɤɜŬ ɛŮ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɘɔɛŬŰɞɚɖɣɘɩɜ ˊɞɡ 

ɏɢɞɡɜ ŭɘŮɜŮɟɔɖɗŮɑ ůŮ ɡűɘůŰɎɛŮɜŮɠ əŬŰŬůəŮɡɏɠ Ŭˊɧ ůəɡɟɧŭŮɛŬ. ȼ ŮəŰɑɛɖůɖ ŬɡŰɐ ůɡɜɞŭŮɨŮŰŬɘ əŬɘ 

Ŭˊɧ ŬɜɎɚɡůɖ Űɖɠ ůɡůɢɏŰɘůɐɠ Űɖɠ ɛŮ ŭɘɎűɞɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ. ɇɞ ŬˊɞŰɏɚŮůɛŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɡˊɧ Űɖ 

ɛɞɟűɐ əŬɜɧɜŬ ŬˊɧűŬůɖɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɞɡ ȺɡɟɤˊŬɥəɞɨ ɄɟɧŰɡˊɞɡ ȺɁ 

13791:2020. ɇɞɜ əŬɜɧɜŬ ŬˊɧűŬůɖɠ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɧɕɞɡɜ ŮɟɔŬůŰɐɟɘŬ ŭɞəɘɛɩɜ ɔɘŬ 

ŭŮɘɔɛŬŰɞɚɖɣɑŮɠ ˊɡɟɐɜɤɜ ůəɡɟɞŭɏɛŬŰɞɠ ůɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ ȺɡɟɤˊŬɥəɎ ɄɟɧŰɡˊŬ.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ˊɡɟɐɜŮɠ ůəɡɟɞŭɏɛŬŰɞɠ, ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ, ŬɓŮɓŬɘɧŰɖŰŬ ɚɧɔɤ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, 

ŭɘɎɔɟŬɛɛŬ Ishikawa  

 

ȾȷɁɃɁȷɆ ȷɄɃūȷɆȼɆ ũȽȷ ȹɃȾȽɀȺɆ ȷɁɇɃɉȼɆ ɆȺ ŪȿȽɊȼ ɄɈɅȼɁɋɁ  

ɄɃɈ ȺɉɃɈɁ ȿȼūŪȺȽ ȷɄɃ ɈūȽɆɇȷɀȺɁȺɆ ȾȷɇȷɆȾȺɈȺɆ ȷɄɃ ɆȾɈɅɃȹȺɀȷ 
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1TUV Austria Labs, ɀŮůɞɔŮɑɤɜ 429, ȷɔɑŬ ɄŬɟŬůəŮɡɐ, 15343 
2Ⱥɗɜɘəɧ ɆɨůŰɖɛŬ ȹɘŬˊɑůŰŮɡůɖɠ, Ūɖůɏɤɠ 7, ȾŬɚɚɘɗɏŬ, 176 76 

3ɇɛɐɛŬ ūŬɟɛŬəŮɡŰɘəɐɠ, Ⱥɗɜɘəɧ əŬɘ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ  

email: georgios.miliadis@tuvaustria.com 

 

ɇŬ ŬɚəŬɚɞŮɘŭɐ Űɖɠ ˊɡɟɟɞɚɘɕɘŭɑɜɖɠ (Ʌȷs) ŮɑɜŬɘ ɛɘŬ ɞɛɎŭŬ űɡůɘəɩɠ ŬˊŬɜŰɩɛŮɜɤɜ ŬɚəŬɚɞŮɘŭɩɜ 

ɛŮ ɓɎůɖ Űɖ ŭɞɛɐ Űɖɠ ˊɡɟɟɞɚɘɕɘŭɑɜɖɠ. ȷˊŬɜŰɞɨɜ Űɧůɞ ůŰɖ ɓŬůɘəɐ Űɞɡɠ ɛɞɟűɐ ɧůɞ əŬɘ ůŰɖ ɛɞɟűɐ 

Űɤɜ ɞɝŮɘŭɑɤɜ Űɞɡɠ. ɄŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŰŬ űɡŰɎ ɤɠ ŬɛɡɜŰɘəɧɠ ɛɖɢŬɜɘůɛɧɠ əŬŰɎ űɡŰɞűɎɔɤɜ ŮɜŰɧɛɤɜ. 

ɄŮɟɘůůɧŰŮɟŬ Ŭˊɧ 600 PAs ɏɢɞɡɜ ŰŬɡŰɞˊɞɘɖɗŮɑ ůŮ űɡŰɎ əŬɘ ˊŮɟɑˊɞɡ ŰŬ ɛɘůɎ Ŭˊɧ ŬɡŰɎ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɖˊŬŰɞŰɞɝɘəɧŰɖŰŬ. Ƀɘ ɛɏɚɘůůŮɠ ˊŬɟɎɔɞɡɜ ɛɏɚɘ Ŭˊɧ Űɞ ɜɏəŰŬɟ Űɤɜ ɚɞɡɚɞɡŭɘɩɜ, ɏŰůɘ 

Űɞ ɛɏɚɘ ˊŮɟɘɏɢŮɘ Űɘɠ ŮɜɩůŮɘɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ŰŬ űɡŰɎ ɧˊɤɠ ŰŬ PAs. ɆɡɔəŮɜŰɟɩůŮɘɠ Űɞɡɠ 

ŬɜɘɢɜŮɨɞɜŰŬɘ ůŮ ɔɨɟɖ, ɛɏɚɘ, ůɡɛˊɚɖɟɩɛŬŰŬ ŭɘŬŰɟɞűɐɠ ɛŮ ɔɨɟɖ ɐ ɓɧŰŬɜŬ, ɟɑɔŬɜɖ, ŬűŮɣɐɛŬŰŬ 

ɓɞŰɎɜɤɜ, ŰůɎɘ, ŬɚɚɎ əŬɘ ůŮ ˊɟɞɥɧɜŰŬ ɕɤɘəɐɠ ˊɟɞɏɚŮɡůɖɠ. ȼ ŮˊɘŰɟɞˊɐ CONTAM Űɖɠ EFSA 

ŮɝɏŭɤůŮ ŮˊɘůŰɖɛɞɜɘəɐ ɔɜɩɛɖ ɧŰɘ ɡˊɎɟɢŮɘ ˊɘɗŬɜɐ ŬɜɖůɡɢɑŬ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ɏəɗŮůɖ ůŮ 

ŬɚəŬɚɞŮɘŭɐ ˊɡɟɟɞɚɘɕɘŭɑɜɖɠ ɔɘŬ Űɖɜ ɡɔŮɑŬ ɜɖˊɑɤɜ əŬɘ ˊŬɘŭɘɩɜ ˊɞɡ əŬŰŬɜŬɚɩɜɞɡɜ ɛŮɔɎɚŮɠ 

ˊɞůɧŰɖŰŮɠ ɛŮɚɘɞɨ ɐ ɧůɞɡɠ əŬŰŬɜŬɚɩɜɞɡɜ ůɡɢɜɎ ŰůɎɘ əŬɘ ŬűŮɣɐɛŬŰŬ ɓɞŰɎɜɤɜ əŬɘ ɘŭɑɤɠ ɔɘŬ Űɘɠ 

ɜŮŬɟɧŰŮɟŮɠ ɞɛɎŭŮɠ Űɞɡ ˊɚɖɗɡůɛɞɨ. ȼ ŮˊɘŰɟɞˊɐ ŮˊɘůɖɛŬɑɜŮɘ Ůˊɑůɖɠ ɧŰɘ Ŭˊɧ Űɖ ɔɨɟɖ əŬɘ ŰŬ 

ůɡɛˊɚɖɟɩɛŬŰŬ ŭɘŬŰɟɞűɐɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɔɨɟɖ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨɣɞɡɜ ˊɞɚɨ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ 

ɏəɗŮůɖɠ ůŮ PAs ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɏɚɘ. ȯɚɚŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ɛŮ 13g ɛɏɚɘ ɐ 1g ɔɨɟɖɠ ŬɜɎ 

ɖɛɏɟŬ Ŭˊɧ ɏɜŬɜ ŮɜɐɚɘəŬ 60 kg ɛˊɞɟŮɑ ɜŬ ɡˊŮɟɓŬɑɜŮŰŬɘ ɖ ůɡɜɘůŰɩɛŮɜɖ ɛɏɔɘůŰɖ ɖɛŮɟɐůɘŬ 

ˊɟɧůɚɖɣɖ Űɤɜ PAs. ɇŬ ɛɏɔɘůŰŬ ŮˊɘŰɟŮˊŰɎ ɧɟɘŬ Űɖɠ Ⱥ.Ⱥ. ɔɘŬ ŰŬ ůɡɜɞɚɘəɎ PAs əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 

0,001mg/kg ůŮ ŰůɎɘ ɔɘŬ ɓɟɏűɖ ɤɠ 1mg/kg ůŮ ɟɑɔŬɜɖ. ɆŰɖ ɔɨɟɖ, ůŰŬ ˊɟɞɥɧɜŰŬ Űɖɠ əŬɘ ůŰŬ 

ůɡɛˊɚɖɟɩɛŬŰŬ ŭɘŬŰɟɞűɐɠ ɛŮ ɓɎůɖ Űɖ ɔɨɟɖ Űɞ ɧɟɘɞ ŮɑɜŬɘ 0,5mg/kg, Ůɜɩ ůŰɞ ɛɏɚɘ ŭŮɜ ɏɢɞɡɜ 

əŬɗɞɟɘůŰŮɑ ŬəɧɛŬ ɧɟɘŬ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŬɜŬˊŰɨɢɗɖəŮ ɛɏɗɞŭɞɠ Ůəɢɨɚɘůɖɠ Űɤɜ PAs Ŭˊɧ ɛɏɚɘ 

əŬɘ ɔɨɟɖ ɛŮ ɞɝɘɜɘůɛɏɜɞ ɛŮɗŬɜɞɚɘəɧ ŭɘɎɚɡɛŬ əŬɘ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡɠ ɛŮ ɡɔɟɐ ɢɤɛŬŰɞɔɟŬűɑŬ 

ůɡɕŮɡɔɛɏɜɖ ɛŮ űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ Űɟɘˊɚɞɨ ŰŮŰɟŬˊɧɚɞɡ (LC-MS/MS). ȼ ɛɏɗɞŭɞɠ ŮˊɘəɡɟɩɗɖəŮ 

ůŰŬ ˊɚŬɑůɘŬ ŭɘŬˊɑůŰŮɡůɖɠ ɔɘŬ 31 ŮɜɩůŮɘɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ Űɤɜ PAs ůŮ ɛɏɚɘ əŬɘ ůŮ ɔɨɟɖ əŬɘ ɖ 

ɞɟɗɧŰɖŰŬ Űɖɠ ɓɟɏɗɖəŮ ɜŬ ɏɢŮɘ Űɘɛɏɠ ŬɜɎəŰɖůɖɠ 70-85% ůŰɞ ɛɏɚɘ əŬɘ 62-115% ůŰɖ ɔɨɟɖ. ȼ 

ɞɟɗɧŰɖŰŬ ŮɚɏɔɢɗɖəŮ Ůˊɑůɖɠ ɛŮ ŮˊɘŰɡɢɐ ůɡɛɛŮŰɞɢɐ ůŮ ŭɘŮɟɔŬůŰɖɟɘŬəɐ ŭɞəɘɛɐ. ȼ ˊɘůŰɧŰɖŰŬ 

ŮɚɏɔɢɗɖəŮ ɛŮ Űɖɜ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ əŬɘ ŮɑɢŮ Űɘɛɏɠ RSDÒ13% ůŰɞ ɛɏɚɘ əŬɘ RSDÒ16,9% ůŰɖ 

ɔɨɟɖ. ȼ ŭɘŮɡɟɡɛɏɜɖ ŬɓŮɓŬɘɧŰɖŰŬ ɓɟɏɗɖəŮ 40%, ɛŮ əɨɟɘŬ ůɡɜɘůŰɩůŬ Űɖɠ Űɖɜ ŮɜŭɞŮɟɔŬůŰɖɟɘŬəɐ 

ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ. ɇɞ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ ɓɟɏɗɖəŮ 0,005mg/kg əŬɘ Űɞ ɧɟɘɞ ˊɞůɞŰɘəɞˊɞɑɖůɖɠ 

0,016mg/kg. ɀŮɚɏŰɖ ɏŭŮɘɝŮ ɧŰɘ ɡˊɎɟɢŮɘ ŮˊɑŭɟŬůɖ Űɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ ůŰɖ ɛɏŰɟɖůɖ ɔɘŬ Űɞ 

ɡˊɧůŰɟɤɛŬ Űɖɠ ɔɨɟɖɠ ŬɚɚɎ ɧɢɘ ɔɘŬ Űɞ ɛɏɚɘ. ɆŰŬ ŮɟɔŬůŰɐɟɘŬ TUV Austria Labs ŬɜŬɚɨɞɜŰŬɘ 

ŭŮɑɔɛŬŰŬ ɔɘŬ Pȷs ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ əŬɘ Űɖɜ ŬůűɎɚŮɘŬ Űɤɜ əŬŰŬɜŬɚɤŰɩɜ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ȷɚəŬɚɞŮɘŭɐ, Ʉɡɟɟɞɚɘɕɘŭɑɜɖ, ɀɏɚɘ, ũɨɟɖ 
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ɆŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ ɐŰŬɜ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ əŬɘ ɖ ŮűŬɟɛɞɔɐ ɛɘŬɠ ɔɟɐɔɞɟɖɠ əŬɘ 

űɘɚɘəɐɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ (çˊɟɎůɘɜɖɠè) ŬɜŬɚɡŰɘəɐɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 15 

ŮˊɘɚŮɔɛɏɜɤɜ űɡŰɞűŬɟɛɎəɤɜ ůŮ ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ ɡˊɞůŰɟɩɛŬŰŬ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ɞɘɜɞˊɞɑɖůɖɠ. ȺűŬɟɛɧůɗɖəŮ ɖ Ůəɢɨɚɘůɖ QuEChERS ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŬɏɟɘŬ ɢɟɤɛŬŰɞɔɟŬűɑŬ 

ůɡɕŮɡɔɛɏɜɖ ɛŮ űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ (GC-MS) ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜŬˊŰɡɢɗŮɑ ɛɘŬ ŮɡŬɑůɗɖŰɖ əŬɘ 

ɔɟɐɔɞɟɖ ɛŮɗɞŭɞɚɞɔɑŬ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ ŬɡŰɩɜ Űɤɜ ŮɜɩůŮɤɜ, ɖ ɞˊɞɑŬ ŬɝɘɞɚɞɔɐɗɖəŮ ɤɠ ˊɟɞɠ 

ŰŬ ŬɜŬɚɡŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧˊɤɠ Űɞ Ůɨɟɞɠ ɔɟŬɛɛɘəɧŰɖŰŬɠ, Űɘɠ ŬɜŬəŰɐůŮɘɠ, Űɖɜ ŬəɟɑɓŮɘŬ əŬɘ ŰŬ 

ɧɟɘŬ ˊɞůɞŰɘəɞˊɞɑɖůɖɠ (LOQ), ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɘəŬɜɞˊɞɘɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ȼ ˊɟɞŰŮɘɜɧɛŮɜɖ 

ɛŮɗɞŭɞɚɞɔɑŬ ŮűŬɟɛɧůŰɖəŮ ůŮ ŭŮɑɔɛŬŰŬ ůŰŬűɡɚɘɩɜ, ɔɚŮɨəɞɡɠ əŬɘ əɟŬůɘɞɨ ˊɞɡ ŮɚɐűɗɖůŬɜ Ŭˊɧ 

ɞɘɜɞˊɞɘŮɑɞ Űɖɠ ŮɡɟɨŰŮɟɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ȼˊŮɑɟɞɡ, ŬˊɞəŬɚɨˊŰɞɜŰŬɠ Űɖɜ ˊŬɟɞɡůɑŬ ɞɟɘůɛɏɜɤɜ Ŭˊɧ ŰŬ 

ŮˊɘɚŮɔɛɏɜŬ űɡŰɞűɎɟɛŬəŬ, ůŮ ůɢŮŰɘəɎ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ŬɜɩŰŬŰŬ ɧɟɘŬ 

ɡˊɞɚŮɘɛɛɎŰɤɜ (MRLs) ˊɞɡ ɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ. ɇɏɚɞɠ, ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛɏɗɞŭɞɠ 

ŬɝɘɞɚɞɔɐɗɖəŮ ůŮ əɚɑɛŬəŬ ˊɟŬəŰɘəɧŰɖŰŬɠ (BAGI) əŬɗɩɠ əŬɘ ɤɠ ˊɟɎůɘɜɖ ŬɜŬɚɡŰɘəɐ ŭɘŬŭɘəŬůɑŬ.  
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Most plant protection products (ppps) are applied in the field as spraying solutions. The 

concentration of these solutions is predetermined for each application from the regulatory process 

depending on the outcome of the evaluation of a variety of parameters, primarily efficacy but also 

toxicity, ecotoxicity, residual persistence and environmental fate and behavior. In order to ensure 

compliance with these regulatory prerequisites it is necessary to develop reliable methods for the 

determination of the active ingredient (a.i.) in the spraying solution. This is particularly challenging 

in the case of insecticide sprays annually used for the control of olive fruit fly. These tank mixes, 

except for the a.i., include also attractants that make up a very complex matrix resembling that of 

food matrices.  

A simple robust and accurate methodology was developed for the determination of lambda-

cyhalothrin and spinosad in their respective tank mixes with attractants, under controlled 

temperature and light conditions. The same fast and easy sample preparation was applied for both 

active ingredients, followed by GC-FID and HPLC-UV determination, respectively. Linearity was 

studied in a wide range of concentrations (10-150 ɛg/mL and 1-40 ɛg/mL) respectively for each 

compound and resulted in R>0.99 in both insecticides. Additionally, the mean recovery values 

obtained were above 90% in all cases for spinosad and above 85% for lambda-cyhalothrin  

The developed analytical method will be further applied in additional spray solutions providing 

data on the accuracy of their preparation as regards the a.i., in accordance with the authorized 

label.   

  

Keywords: pesticides, HPLC, GC, spray solution, application, validation  

 

METHOD DEVELOPMENT AND VALIDATION FOR THE DETERMINATION  

OF PLANT PROTECTION PRODUCTS IN THEIR RESPECTIVE SPRAYING 

SOLUTIONS: THE CASE OF INSECTICIDES USED FOR THE CONTROL  

OF OLIVE FRUIT FLY IN GREECE  
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e-mail: georgios.miliadis@tuvaustria.com 

 

ɇŬ ŬɚəŬɚɞŮɘŭɐ Űɖɠ Ůɟɡůɑɓɖɠ (ergot alkaloids) ŮɑɜŬɘ ɛɘŬ ɞɛɎŭŬ űɡůɘəɩɠ ŬˊŬɜŰɩɛŮɜɤɜ 

ŬɚəŬɚɞŮɘŭɩɜ. ȺɑɜŬɘ ɛɡəɞŰɞɝɑɜŮɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ɛɨəɖŰŮɠ əŬɘ ˊɟɞůɓɎɚɚɞɡɜ ŭɖɛɖŰɟɘŬəɎ ɧˊɤɠ 

ɖ ůɑəŬɚɖ, Űɞ ůɘŰɎɟɘ, Űɞ əɟɘɗɎɟɘ əŬɘ ɖ ɓɟɩɛɖ. ɄɟɞəŬɚɞɨɜ ɏɜŬ Ůɡɟɨ űɎůɛŬ ɓɘɞɚɞɔɘəɩɜ ŮˊɘŭɟɎůŮɤɜ 

ůŰɞ əɡəɚɞűɞɟɘəɧ əŬɘ ɜŮɡɟɘəɧ ůɨůŰɖɛŬ Űɞɡ Ŭɜɗɟɩˊɞɡ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ůɞɓŬɟɎ 

ˊɟɞɓɚɐɛŬŰŬ ɡɔŮɑŬɠ. ɇŬ ɜɞɛɞɗŮŰɘəɎ ɧɟɘŬ ůŰŬ ŭɖɛɖŰɟɘŬəɎ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 20ɛg/kg ůŮ ɓɟŮűɘəɏɠ 

Űɟɞűɏɠ ɛɏɢɟɘ 400ɛg/kg, ŬɜɎɚɞɔŬ ɛŮ Űɞ ŭɖɛɖŰɟɘŬəɧ əŬɘ Ŭűɞɟɞɨɜ ůŰɞ ɎɗɟɞɘůɛŬ 12 ŬɚəŬɚɞŮɘŭɩɜ Űɖɠ 

Ůɟɡůɑɓɖɠ. ɇŬ Ůɑŭɖ Űɞɡ űɡŰɞɨ ɚɞɨˊɘɜɞɡ Ŭɜɐəɞɡɜ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ Űɤɜ ɣɡɢŬɜɗɩɜ. ɄŮɟɘɏɢɞɡɜ 

ŬɚəŬɚɞŮɘŭɐ (lupin alkaloids) ŭɨɞ əŬŰɖɔɞɟɘɩɜ, Űɖɠ əɘɜɞɚɘɕɘŭɑɜɖɠ əŬɘ Űɞɡ ɘɜŭɞɚɑɞɡ, ˊɞɡ ˊɟɞůŭɑŭɞɡɜ 

ůŰɞ ɚɞɨˊɘɜɞ ˊɘəɟɐ ɔŮɨůɖ. ɇɞ ŮˊɑˊŮŭɞ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ ŬɡŰɩɜ ɛˊɞɟŮɑ ɜŬ ɛŮɘɤɗŮɑ ɛŮ ŬˊɞˊɘəɟɤŰɘəɏɠ 

ŭɘŬŭɘəŬůɑŮɠ ɐ ɛŮ ˊɚɨůɘɛɞ ɛŮ ɜŮɟɧ. ȺəŰɧɠ Ŭˊɧ Űɞ ɚɞɨˊɘɜɞ əŬɘ ɎɚɚŬ ŰɟɧűɘɛŬ ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘɏɢɞɡɜ 

ŰŬ ŬɚəŬɚɞŮɘŭɐ Űɞɡ, ɧˊɤɠ ɔɎɚŬ Ŭˊɧ ɕɩŬ ˊɞɡ ŰɟɏűɞɜŰŬɘ ɛŮ ɕɤɞŰɟɞűɏɠ ɛŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ŬɚəŬɚɞŮɘŭɩɜ. ȼ ŮˊɘŰɟɞˊɐ CONTAM Űɖɠ ȺɡɟɤˊŬɥəɐɠ ȷɟɢɐɠ ȷůűɎɚŮɘŬɠ ɇɟɞűɑɛɤɜ (EFSA) 

ŮɝɏŭɤůŮ ŮˊɘůŰɖɛɞɜɘəɐ ɔɜɩɛɖ ɧŰɘ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɡˊɎɟɢŮɘ ˊɘɗŬɜɐ ŬɜɖůɡɢɑŬ ɔɘŬ Űɖɜ 

ɡɔŮɑŬ, ŭŮɜ ɏɢɞɡɜ ɧɛɤɠ ŬəɧɛŬ əŬɗɞɟɘůŰŮɑ ɜɞɛɞɗŮŰɘəɎ ɧɟɘŬ ůŰŬ ŰɟɧűɘɛŬ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ŬɜŬˊŰɨɢɗɖəŮ ɛɏɗɞŭɞɠ Ůəɢɨɚɘůɖɠ Űɤɜ ŬɚəŬɚɞŮɘŭɩɜ Ůɟɡůɑɓɖɠ əŬɘ ɚɞɨˊɘɜɞɡ Ŭˊɧ ŭɖɛɖŰɟɘŬəɎ əŬɘ 

ɧůˊɟɘŬ ɛŮ ɞɝɘɜɘůɛɏɜɞ ɛŮɗŬɜɞɚɘəɧ ŭɘɎɚɡɛŬ əŬɘ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡɠ ɛŮ ɡɔɟɐ ɢɤɛŬŰɞɔɟŬűɑŬ 

ůɡɕŮɡɔɛɏɜɖ ɛŮ űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ Űɟɘˊɚɞɨ ŰŮŰɟŬˊɧɚɞɡ (LC-MS/MS). ȼ ɛɏɗɞŭɞɠ ŮˊɘəɡɟɩɗɖəŮ 

ůŰŬ ˊɚŬɑůɘŬ ŭɘŬˊɑůŰŮɡůɖɠ ɔɘŬ 12 ŬɚəŬɚɞŮɘŭɐ Űɖɠ Ůɟɡůɑɓɖɠ ůŮ ŭɖɛɖŰɟɘŬəɎ əŬɘ ɖ ɞɟɗɧŰɖŰŬ Űɖɠ 

ɓɟɏɗɖəŮ ɜŬ ɏɢŮɘ Űɘɛɏɠ ŬɜɎəŰɖůɖɠ 62-87%. ȼ ɞɟɗɧŰɖŰŬ ŮɚɏɔɢɗɖəŮ Ůˊɑůɖɠ ɛŮ ɢɟɐůɖ ˊɘůŰɞˊɞɘɖɛɏɜɞɡ 

ɡɚɘəɞɨ ŬɜŬűɞɟɎɠ ˊɞɡ ɐŰŬɜ ɟɡɕɎɚŮɡɟɞ. ȼ ˊɘůŰɧŰɖŰŬ ŮɚɏɔɢɗɖəŮ ɛŮ Űɖɜ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ əŬɘ ŮɑɢŮ 

Űɘɛɏɠ RSDÒ34%. ɇɞ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ ɓɟɏɗɖəŮ 0,01ɛg/kg əŬɘ Űɞ ɧɟɘɞ ˊɞůɞŰɘəɞˊɞɑɖůɖɠ 0,03ɛg/kg. 

ɆŰŬ ŮɟɔŬůŰɐɟɘŬ TUV Austria Labs ŬɜŬɚɨɞɜŰŬɘ ŭŮɑɔɛŬŰŬ ɔɘŬ ŬɚəŬɚɞŮɘŭɐ Űɖɠ Ůɟɡůɑɓɖɠ əŬɘ Űɞɡ 

ɚɞɨˊɘɜɞɡ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ əŬɘ Űɖɜ ŬůűɎɚŮɘŬ Űɤɜ əŬŰŬɜŬɚɤŰɩɜ. ȷˊɧ Űɘɠ ŬɜŬɚɨůŮɘɠ 140 

ŭŮɘɔɛɎŰɤɜ Űɟɞűɑɛɤɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɧůˊɟɘŬ, ŭɖɛɖŰɟɘŬəɎ, ɔŬɚŬəŰɞəɞɛɘəɎ, ˊɞɡɚŮɟɘəɎ, əɟɏŬɠ 

əŬɘ ˊɟɞɥɧɜŰŬ Űɞɡɠ ɔɘŬ ŬɚəŬɚɞŮɘŭɐ Űɖɠ Ůɟɡůɑɓɖɠ ŬɜɘɢɜŮɨŰɖəŬɜ ůŮ 16 ŭŮɑɔɛŬŰŬ (11,4%) 

ůɡɔəŮɜŰɟɩůŮɘɠ Ŭˊɧ 0,01 ɛɏɢɟɘ 182ɛg/kg. ɆŮ 3 Ŭˊɧ ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ɐŰŬɜ ɎɚŮɡɟŬ ɛɑɔɛŬŰɞɠ 

ŭɖɛɖŰɟɘŬəɩɜ ŬɜɘɢɜŮɨŰɖəŬɜ 10 Ŭˊɧ ŰŬ 12 ŬɚəŬɚɞŮɘŭɐ Űɖɠ Ůɟɡůɑɓɖɠ. ȷɜŰɑůŰɞɘɢŬ ŬɜŬɚɨɗɖəŮ ɛɘəɟɧɠ 

Ŭɟɘɗɛɧɠ ŭŮɘɔɛɎŰɤɜ ɚɞɨˊɘɜɞɡ, ůŰŬ ɞˊɞɑŬ ŬɜɘɢɜŮɨŰɖəŬɜ ŰŬ ŬɚəŬɚɞŮɘŭɐ Űɞɡ ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ ɛɏɢɟɘ 

72mg/kg. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ȷɚəŬɚɞŮɘŭɐ, Ⱥɟɡůɑɓɖ, ȿɞɨˊɘɜɞ, ɇɟɧűɘɛŬ, LC-MS/MS 

 

ȷɁȷȿɈɆȼ ȷȿȾȷȿɃȺȽȹɋɁ ɇȼɆ ȺɅɈɆȽȸȼɆ ȾȷȽ ɇɃɈ ȿɃɈɄȽɁɃɈ  

ɆȺ ɇɅɃūȽɀȷ ɀȺ LC-MS/MS 
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ID: 086 

 

ɄŬˊŬɜŭɟɏɞɡ ȷɘəŬŰŮɟɑɜɖ  

ũŮɜɘəɧ ȷɜŰɘəŬɟəɘɜɘəɧ Ƀɔəɞɚɞɔɘəɧ ɁɞůɞəɞɛŮɑɞ ȷɗɐɜŬɠ çɞ ȯɔɘɞɠ ɆɎɓɓŬɠè  

ȸɘɞɢɖɛɘəɧ ŮɟɔŬůŰɐɟɘɞ  

email: zispap@tee.gr  

  

ȼ ŬɝɘɧˊɘůŰɖ ŮəŰɑɛɖůɖ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɤɜ ɛŮŰɟɐůŮɤɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ŮɟɛɖɜŮɑŬ əŬɘ 

Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ůɜɧɠ əɚɘɜɘəɞɨ ŮɟɔŬůŰɖɟɑɞɡ.    

ȳɛɤɠ, ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ŭŮɜ ŮɑɜŬɘ ɛɘŬ ɝŮəɎɗŬɟɖ ŭɘŬŭɘəŬůɑŬ. ɈˊɎɟɢɞɡɜ ŬɟəŮŰɏɠ 

ɞŭɖɔɑŮɠ ɞɘ ɞˊɞɑŮɠ ŭɘŬűɏɟɞɡɜ ɤɠ ˊɟɞɠ Űɞ Ůɑŭɞɠ əŬɘ Űɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ 

ɔɘŬ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ əŬɘ ɧˊɤɠ ŮɑɜŬɘ ŮˊɧɛŮɜɞ əŬŰŬɚɐɔɞɡɜ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ŮəŰɘɛɐůŮɘɠ ɔɘŬ Űɖɜ 

ŬɓŮɓŬɘɧŰɖŰŬ.  

ɆŮ ŬɡŰɐɜ Űɖ ɛŮɚɏŰɖ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ŮűŬɟɛɞɔɐ ůŰɞ ŮɟɔŬůŰɐɟɘɧ ɛŬɠ 3 ŭɘŬűɞɟŮŰɘəɩɜ ŰŮɢɜɘəɩɜ 

ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɤɜ ɛŮŰɟɐůŮɤɜ əŬɘ ɖ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ.  ȼ ɛɏɗɞŭɞɠ ˊɞɡ ˊɟɞŰŮɑɜŮŰŬɘ ůŰɞɜ ɞŭɖɔɧ  ISO/TS 20914: 2019 ɐŰŬɜ ɖ ˊɘɞ Ŭˊɚɐ ůŰɖɜ 

ŮűŬɟɛɞɔɐ əŬɘ əŬŰɎɚɚɖɚɖ ɔɘŬ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ɛŮŰɟɞɨɛŮɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ůŰɞ ŮɟɔŬůŰɐɟɘɞ.  

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɡˊɞɚɞɔɘůɛɧɠ ŬɓŮɓŬɘɧŰɖŰŬɠ, əɚɘɜɘəɎ ŮɟɔŬůŰɐɟɘŬ, ŮɜŭɘɎɛŮůɖ ˊɘůŰɧŰɖŰŬ, bias  

 

 

 

ɈɄɃȿɃũȽɆɀɃɆ ȷȸȺȸȷȽɃɇȼɇȷɆ ɆȺ ȺɅũȷɆɇȼɅȽȷ ȾȿȽɁȽȾȼɆ ɉȼɀȺȽȷɆ 

ɇȽ ɄɅɃɇȺȽɁȺɇȷȽ - ɇȽ ȺȽɁȷȽ ȺūȽȾɇɃ 
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ȷɗŬɜɎůɘɞɠ ɀŬɜɎůŬɠ1, ɀŬɟɑŬ ɉɟɘůŰɞˊɞɨɚɞɡ2, Ɂɑəɞɠ ɄŬˊŬɜɘəɞɚɎɞɡ2, Ɇˊɡɟɑŭɤɜ ȹŮɚɘŭɖɛɖŰɟɑɞɡ1, 

Ⱥɡɗɨɛɘɞɠ ȾŬɟŬɛˊɏŰůɞɠ2 əŬɘ ŪŮɧŭɤɟɞɠ ɆŬɛŬɟɎɠ1 
1ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ, ɇɛɐɛŬ ūɡůɘəɐɠ, 54124, ŪŮůůŬɚɞɜɑəɖ 

2Ⱥɚɚɖɜɘəɐ ȺˊɘŰɟɞˊɐ ȷŰɞɛɘəɐɠ ȺɜɏɟɔŮɘŬɠ, ɄŬŰɟɘɎɟɢɞɡ ũɟɖɔɞɟɑɞɡ əŬɘ ɁŮŬˊɧɚŮɤɠ, 15341, ȷɔɑŬ ɄŬɟŬůəŮɡɐ 

ȷŰŰɘəɐɠ 

e-mail: maria.christopoulou@eeae.gr 

 

ȼ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ȺɡɟɤˊŬɥəɞɨ ŮɟŮɡɜɖŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ 

SEAWave (101057622) əŬɘ ŬɜŬɚɨŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 400 ŮˊɘŰɧˊɘɤɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ 

ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ (Ⱥ). Ƀɘ ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ ŮŭɎűɞɡɠ ůŮ ŰɏůůŮɟɘɠ 

ˊŮɟɘɞɢɏɠ Űɖɠ ȺɚɚɎŭŬɠ, ŬůŰɘəɞɨ əŬɘ ɖɛɘŬůŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ůŰɖɜ Ⱦ. ɀŬəŮŭɞɜɑŬ əŬɘ Űɖɜ ȷŰŰɘəɐ. 

ɇɞ ůɨɜɞɚɞ Űɤɜ ůɖɛŮɑɤɜ ŬɜɎ ˊŮɟɘɞɢɐ (100) ɘůɞəŬŰŬɜŮɛɐɗɖəŬɜ ůŮ ɛɘŬ ɡˊɞˊŮɟɘɞɢɐ Ŭˊɧ 4 ɏɤɠ 7 km2, 

ɢŬɟŰɞɔɟŬűɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɤɜ ůŰŬɗɛɩɜ ɓɎůɖɠ əɘɜɖŰɩɜ Ůˊɘəɞɘɜɤɜɘɩɜ ŮɜŰɧɠ Űɖɠ 

ɡˊɞˊŮɟɘɞɢɐɠ.  

ȷɟɢɘəɎ, ŮűŬɟɛɧɕŮŰŬɘ Űɞ ɛɖ ˊŬɟŬɛŮŰɟɘəɧ ůŰŬŰɘůŰɘəɧ ŰŮůŰ Kruskal-Wallis ɔɘŬ ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ 

ŰŬ ŮˊɑˊŮŭŬ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ˊŮŭɑɤɜ (ȼɀɄ), ŬɜɎ ˊŮɟɘɞɢɐ/ˊŮɟɘɓɎɚɚɞɜ əŬɘ ɜŬ əŬɗɞɟɘůŰŮɑ ɖ 

ůɡɛɓɞɚɐ Űɤɜ ˊŬɟŬŭɞůɘŬəɩɜ ɡˊɖɟŮůɘɩɜ əɘɜɖŰɩɜ Ůˊɘəɞɘɜɤɜɘɩɜ ůŰɞ ůɡɜɞɚɘəɧ Ⱥ. Ⱥˊɑůɖɠ, 

ŭɘŮɟŮɡɜɎŰŬɘ ɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ ɛŮŰɟɐůŮɤɜ ȼɀɄ ůŰɖɜ ŬɜŬŭɡɧɛŮɜɖ ŰŮɢɜɞɚɞɔɑŬ 5G NR ůŰɖ 

ɕɩɜɖ ůɡɢɜɞŰɐŰɤɜ 3,5 GHz (FR1) əŬɘ Űɖɠ ŬˊɧůŰŬůɐɠ Űɞɡɠ Ŭˊɧ Űɞɡɠ ůŰŬɗɛɞɨɠ ɓɎůɖɠ 5G, ɢɤɟɑɠ ɜŬ 

ˊɟɞəŬɚŮɑŰŬɘ əɑɜɖůɖ ɛɏůɤ əɘɜɖŰɞɨ ŰŮɟɛŬŰɘəɞɨ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ŮɎɜ Űɞ ɛŮŰŬɓŬɚɚɧɛŮɜɞ 

ŭɘɎɔɟŬɛɛŬ ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ 5G ůŰŬɗɛɞɨ ɓɎůɖɠ, ɢɤɟɑɠ ɜŬ ˊɟɞəɚɖɗŮɑ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɐ əɑɜɖůɖ, 

ɞŭɖɔŮɑ ɞɛɞɑɤɠ ůŰɖɜ ŬɜŰɑůŰɟɞűɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ (Ⱥ) əŬɘ Űɖɠ 

ŬˊɧůŰŬůɖɠ.  

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŬŭŮɘəɜɨɞɡɜ ɧŰɘ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ Ⱥ ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ůŰɘɠ 

ŬůŰɘəɏɠ ˊŮɟɘɞɢɏɠ, ɚɧɔɤ ɛŮɔŬɚɨŰŮɟɖɠ ˊɡəɜɧŰɖŰŬɠ ˊɚɖɗɡůɛɞɨ əŬɘ ůɡɔəɏɜŰɟɤůɖɠ ůŰŬɗɛɩɜ ɓɎůɖɠ. 

ȺɘŭɘəɧŰŮɟŬ, ɞɘ ɡˊɖɟŮůɑŮɠ 4G ůɡɛɓɎɚɚɞɡɜ ůɖɛŬɜŰɘəɎ ůŰɞ ůɡɜɞɚɘəɧ Ⱥ, Ůɜɩ ɖ ŰŮɢɜɞɚɞɔɑŬ 5G FR1 

ɏɢŮɘ ɛɘəɟɐ ůɡɜŮɘůűɞɟɎ. ȾŬŰŬɔɟɎűɞɜŰŬɠ Űɞ ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ ůŰɖ ɕɩɜɖ Űɤɜ 3,5 GHz ɢɤɟɑɠ ɜŬ 

ˊɟɞəɚɖɗŮɑ əɑɜɖůɖ ŭŮŭɞɛɏɜɤɜ əŬɘ ŮɝŮŰɎɕɞɜŰŬɠ Űɖ ůɡůɢɏŰɘůɐ Űɞɡ ɛŮ Űɖɜ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞɡɠ 5G 

ůŰŬɗɛɞɨɠ ɓɎůɖɠ, ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɖ Ŭɨɝɖůɖ Űɖɠ ŬˊɧůŰŬůɖɠ ɞŭɖɔŮɑ ůŰɖ ɛŮɑɤůɖ Űɞɡ Ⱥ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŮˊɘɓŮɓŬɘɩɜɞɡɜ ɧŰɘ ɖ ŬˊɧůŰŬůɖ Ŭˊɧ Űɞ ůŰŬɗɛɧ ɓɎůɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ 

ɤɠ ˊɟɞɔɜɤůŰɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ ůŰŬ ɛɞɜŰɏɚŬ ŰŮɢɜɖŰɐɠ ɜɞɖɛɞůɨɜɖɠ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɤɜ 

Ůˊɘˊɏŭɤɜ ȼɀɄ, ɧɢɘ ɛɧɜɞ ɔɘŬ ŰŬ ŭɑəŰɡŬ 2G əŬɘ 4G ŬɚɚɎ əŬɘ ɔɘŬ ŰŬ ŭɑəŰɡŬ 5G.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ, ŰŮɢɜɞɚɞɔɑŬ 5ɖɠ ɔŮɜɘɎɠ (5G NR FR1), ɔŮɜɘəɧɠ ˊɚɖɗɡůɛɧɠ, 

ŬůŰɘəɐ/ɖɛɘŬůŰɘəɐ ˊŮɟɘɞɢɐ, ŮˊɘŰɧˊɘŮɠ ɛŮŰɟɐůŮɘɠ 

 

ȷɁȷɄɇɈɂȼ 5G FR1 ȹȽȾɇɈɃɈ ɆȺ ȷɆɇȽȾȺɆ ȾȷȽ ȼɀȽȷɆɇȽȾȺɆ ɄȺɅȽɃɉȺɆ  

ɆɇȼɁ Ⱥȿȿȷȹȷ: ɆɈɆɉȺɇȽɆȼ ɇɋɁ ȺɄȽɄȺȹɋɁ ȼȿȺȾɇɅɃɀȷũɁȼɇȽȾɋɁ ɄȺȹȽɋɁ 

ɀȺ ɇȼɁ ȷɄɃɆɇȷɆȼ 
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Ɂɑəɖ ɀŬŰůɞɨəɖ, ɉŬɟɑəɚŮɘŬ ɇůɑˊŬ, ɀŬɟɑŬ ɀŬəɟɡɔɘɎɜɜɖ,  

ȺɚŮɡɗŮɟɑŬ ȾɞɡŰɟɞɡɛɎɜɖ, Ⱥɡɗɨɛɘɞɠ ȻɏɟɓŬɠ 

Ⱥɚɚɖɜɘəɧ ȷɜɞɘəŰɧ ɄŬɜŮˊɘůŰɐɛɘɞ 

e-mail: zervas@eap.gr 

 

ɇŬ ɗŮɟɛŬɘɜɧɛŮɜŬ əŬˊɜɘəɎ ˊɟɞɥɧɜŰŬ ˊŬɟɎɔɞɡɜ əŬŰɎ Űɖɜ ɢɟɐůɖ Űɞɡɠ ůɤɛŬŰɑŭɘŬ (particulate 

matter PM) ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰɟɖɗɞɨɜ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ əŬɘ ɏɜŬɠ ŮɑɜŬɘ ɛŮ ŰŬ ˊŬɟŬɔɧɛŮɜŬ 

əɚɎůɛŬŰŬ, ɧˊɤɠ ˊɢ PM1, PM2.5, PM4, PM10. ȰɜŬ əɚɎůɛŬ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɛɘəɟɐɠ ŭɘŬɛɏŰɟɞɡ 

ŬˊɞŰŮɚŮɑ ɞ ůŰɞɘɢŮɘŬəɧɠ ɎɜɗɟŬəŬɠ (black carbon, BC), ˊɟɞɥɧɜ ŬŰŮɚɞɨɠ əŬɨůɖɠ, ɔɜɤůŰɧɠ ɔɘŬ Űɘɠ 

ŬɟɜɖŰɘəɏɠ ŮˊɘŭɟɎůŮɘɠ Űɞɡ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ. Ɇəɞˊɧɠ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ŬűŮɜɧɠ ɖ 

ɛɏŰɟɖůɖ Űɤɜ PM əŬɘ Űɞɡ BC əŬŰɎ Űɖ ɢɟɐůɖ Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ Ůɘŭɩɜ əŬˊɜɘəɩɜ ˊɟɞɥɧɜŰɤɜ: 

ɗŮɟɛŬɘɜɧɛŮɜɤɜ əŬˊɜɘəɩɜ ůŰɘə, ɗŮɟɛŬɘɜɧɛŮɜɤɜ űɡŰɘəɩɜ ůŰɘə ɛŮ ɓɎůɖ Űɞ ŰůɎɘ əŬɘ ɝɖɟɩɜ ɢɧɟŰɤɜ, 

əŬɘ ŬűŮŰɏɟɞɡ ɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ PM ɛŮ Űɞɜ BC. ũɘŬ Űɞ ůəɞˊɧ ŬɡŰɧ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 5 ůɡůəŮɡɏɠ ɗŮɟɛŬɘɜɧɛŮɜɤɜ əŬˊɜɘəɩɜ ůŰɘə (PULZE, IQOS, LIL, ILUMA əŬɘ 

GLO) ɧˊɞɡ ɗŮɟɛɎɜɗɖəŬɜ ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ ŬɟɩɛŬŰŬ əŬˊɜɘəɩɜ ůŰɘə ɖ əɎɗŮ ɛɑŬ, ŭɨɞ ŬɟɩɛŬŰŬ 

űɡŰɘəɞɨ ůŰɘə ɛŮ ɓɎůɖ Űɞ ŰůɎɘ ˊɞɡ ɗŮɟɛɎɜɗɖəŬɜ ɛŮ ɢɟɐůɖ Űɖɠ ůɡůəŮɡɐɠ IQOS, əŬɗɩɠ əŬɘ ŰɏůůŮɟŬ 

ɝɖɟɎ ɢɧɟŰŬ (ɢŬɛɞɛɐɚɘ, ŮɡəɎɚɡˊŰɞɠ, ɚŮɓɎɜŰŬ əŬɘ ˊɟɎůɘɜɞ ŰůɎɘ), ŰŬ ɞˊɞɑŬ ɗŮɟɛɎɜɗɖəŬɜ ɛŮ Ůɘŭɘəɐ 

ůɡůəŮɡɐ ŬŰɛɑůɛŬŰɞɠ ɝɖɟɩɜ ɢɧɟŰɤɜ. ɀŮŰɟɐɗɖəŬɜ ůŰɘɠ Ůəˊɞɛˊɏɠ Űɞɡɠ ŰŬ PM əŬɘ BC ɛŮ ɢɟɐůɖ Űɖɠ 

ůɡůəŮɡɐɠ ɛɏŰɟɖůɖɠ ůɤɛŬŰɘŭɑɤɜ DustTrak əŬɘ ŬɘɗŬɚɞɛɏŰɟɞɡ ŬɜŰɑůŰɞɘɢŬ, ůŮ mg/ůŰɘə ɐ 

mg/ɔɟŬɛɛɎɟɘɞ ɗŮɟɛŬɘɜɧɛŮɜɞɡ ɢɧɟŰɞɡ. ȳůɞɜ ŬűɞɟɎ ŰŬ PM, ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɧɚŬ ŰŬ ˊɟɞɥɧɜŰŬ 

ˊŬɟɎɔɞɡɜ ůɤɛŬŰɑŭɘŬ əŬɘ ɧŰɘ ɖ ˊŬɟŬɔɤɔɐ ůɤɛŬŰɘŭɑɤɜ Ŭˊɧ ŰŬ əŬˊɜɘəɎ əŬɘ űɡŰɘəɎ ůŰɘə ŮɑɜŬɘ 

ɡɣɖɚɧŰŮɟɖ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɐ Ŭˊɧ Űɖɜ ɗɏɟɛŬɜůɖ Űɤɜ ɢɧɟŰɤɜ. Ⱥˊɘˊɚɏɞɜ, ɖ ɗɏɟɛŬɜůɖ ɧɚɤɜ Űɤɜ 

ˊɟɞɥɧɜŰɤɜ ɞŭɖɔŮɑ ůŰɖɜ ˊŬɟŬɔɤɔɐ BC ɞ ɞˊɞɑɞɠ ɤůŰɧůɞ ŬˊɞŰŮɚŮɑ ɏɜŬ ˊɞɚɨ ɛɘəɟɧ əɚɎůɛŬ Űɤɜ 

ůɡɜɞɚɘəɩɜ PM. ɀɧɜɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɢŬɛɞɛɖɚɘɞɨ əŬɘ Űɖɠ ɚŮɓɎɜŰŬɠ űŬɑɜŮŰŬɘ ɞ BC ɜŬ 

ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ əɚɎůɛŬ Űɤɜ PM. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞɘ Ůəˊɞɛˊɏɠ BC ŮɑɜŬɘ ɔŮɜɘəɎ ŬɜɎɚɞɔŮɠ ɛŮ 

Űɘɠ Ůəˊɞɛˊɏɠ PM, ŬɚɚɎ ŬɡŰɧ ŭŮɜ ɘůɢɨŮɘ ůŮ ɧɚŬ ŰŬ ˊɟɞɥɧɜŰŬ ˊɞɡ ɏɢɞɡɜ ŭɘŮɟŮɡɜɖɗŮɑ ůŮ ŬɡŰɐ Űɖɜ 

ŮɟɔŬůɑŬ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɆŰɞɘɢŮɘŬəɧɠ ɎɜɗɟŬəŬɠ, ɆɤɛŬŰɑŭɘŬ, ŪŮɟɛŬɘɜɧɛŮɜŬ əŬˊɜɘəɎ ˊɟɞɥɧɜŰŬ, Ⱥəˊɞɛˊɏɠ 

 

ɆɈũȾɅȽɆȼ ȺȾɄɃɀɄɋɁ PM ȾȷȽ BC  

ȷɄɃ ŪȺɅɀȷȽɁɃɀȺɁȷ ȾȷɄɁȽȾȷ ɄɅɃɌɃɁɇȷ 
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Ɂɑəɖ ɀŬŰůɞɨəɖ, ɉŬɟɑəɚŮɘŬ ɇůɑˊŬ, ɀŬɟɑŬ ɀŬəɟɡɔɘɎɜɜɖ,  

ȺɚŮɡɗŮɟɑŬ ȾɞɡŰɟɞɡɛɎɜɖ, Ⱥɡɗɨɛɘɞɠ ȻɏɟɓŬɠ 

Ⱥɚɚɖɜɘəɧ ȷɜɞɘəŰɧ ɄŬɜŮˊɘůŰɐɛɘɞ 

e-mail: zervas@eap.gr 

 

Ƀ ůŰɞɘɢŮɘŬəɧɠ ɎɜɗɟŬəŬɠ (black carbon, BC), ŮɑɜŬɘ ɏɜŬ ˊɟɞɥɧɜ ŬŰŮɚɞɨɠ əŬɨůɖɠ, ɔɜɤůŰɧ ɔɘŬ Űɘɠ 

ŬɟɜɖŰɘəɏɠ ŮˊɘŭɟɎůŮɘɠ Űɞɡ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ. ɀɑŬ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ɛɏɗɞŭɞɠ ɛɏŰɟɖůɖɠ 

BC ŮɑɜŬɘ ɛŮ Űɖ ɢɟɐůɖ ŬɘɗŬɚɧɛŮŰɟɞɡ, ɧˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ BC ůŮ ɏɜŬ ɟŮɨɛŬ ŬŮɟɑɞɡ 

ˊɞɡ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ŬɘɗŬɚɧɛŮŰɟɞ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ əŬɘ ɛɐəɞɠ əɨɛŬŰɞɠ 880nm. ɇɞ ɟŮɨɛŬ 

ŬŮɟɑɞɡ ŭɘɏɟɢŮŰŬɘ ɛɏůɤ Ůɜɧɠ űɑɚŰɟɞɡ Űɞ ɞˊɞɑɞ ůɡɔəɟŬŰŮɑ ŰŬ ůɤɛŬŰɑŭɘŬ BC, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ŮˊɘəŬɗɑůŮɤɜ ŬɡɝŬɜɧɛŮɜɖɠ ˊɡəɜɧŰɖŰŬɠ. ɇŬɡŰɧɢɟɞɜŬ, ɛɏůɤ Űɞɡ űɑɚŰɟɞɡ ŭɘɏɟɢŮŰŬɘ ɛɘŬ 

ŬəŰɑɜŬ űɤŰɧɠ, Űɖɠ ɞˊɞɑŬɠ ɖ ɏɜŰŬůɖ ŮɝŬůɗŮɜŮɑ ɚɧɔɤ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ Ŭˊɧ ŰŬ ůɤɛŬŰɑŭɘŬ. ɇɞ 

ɧɟɔŬɜɞ ɛŮŰɟɎŮɘ Űɞ ɟɡɗɛɧ Űɖɠ ŬɚɚŬɔɐɠ ůŰɖ ɛŮŰɎŭɞůɖ Űɞɡ űɤŰɧɠ əŬɗɩɠ ŬɡŰɧ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ Űɞ 

űɑɚŰɟɞ əŬŰɎ Űɖ ůɡɜŮɢɐ ɟɞɐ ŬɏɟŬ. ɋůŰɧůɞ, ɖ ůɡɜŮɢɐɠ ůɡůůɩɟŮɡůɖ BC ůŰɞ űɑɚŰɟɞ Ŭˊɧ Űɞ 

ŭɘŮɟɢɧɛŮɜɞ Ŭɏɟɘɞ ɞŭɖɔŮɑ ůŮ ůűɎɚɛŬŰŬ əŬŰɎ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ BC ůŮ əɎɗŮ ŭŮɑɔɛŬ. 

ũɘŬ Űɖɜ ŬɜŰɘůŰɎɗɛɘůɖ Űɤɜ ůűŬɚɛɎŰɤɜ Űɖɠ ɛɏŰɟɖůɖɠ ɏɢŮɘ ˊɟɞŰŬɗŮɑ ɖ ŮűŬɟɛɞɔɐ ŭɘɞɟɗɤŰɘəɩɜ 

ŮɝɘůɩůŮɤɜ. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ŬɘɗŬɚɧɛŮŰɟɞ microAeth AE51 

əŬɘ ɛŮŰɟɐɗɖəŮ ɞ BC ůŰɞɜ ŬŰɛɞůűŬɘɟɘəɧ ŬɏɟŬ, əŬɗɩɠ əŬɘ ůŰɘɠ Ůəˊɞɛˊɏɠ Ŭˊɧ ɏɜŬ əŬˊɜɘəɧ ˊɟɞɥɧɜ 

əŬɘ Ŭˊɧ ŭɨɞ ɝɖɟɎ ɢɧɟŰŬ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ůɡůəŮɡɐ ɗŮɟɛŬɘɜɧɛŮɜɤɜ əŬˊɜɘəɩɜ 

ˊɟɞɥɧɜŰɤɜ ȽQOS ɔɘŬ Űɖ ɗɏɟɛŬɜůɖ Űɤɜ əŬˊɜɘəɩɜ ůŰɘə HEETS əŬɘ ɖ ůɡůəŮɡɐ ɗɏɟɛŬɜůɖɠ ɝɖɟɩɜ 

ɢɧɟŰɤɜ Flowermate V5 Nano ɔɘŬ Űɖ ɗɏɟɛŬɜůɖ ɢŬɛɞɛɖɚɘɞɨ əŬɘ ˊɟɎůɘɜɞɡ ŰůŬɔɘɞɨ əŬɘ əŬŰŬɔɟɎűɖəŮ 

ɖ ůɡɔəɏɜŰɟɤůɖ BC ůŰɘɠ Ůəˊɞɛˊɏɠ Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ˊɟɞɥɧɜŰɤɜ. ɇɞ ŬɘɗŬɚɧɛŮŰɟɞ 

ɟɡɗɛɑůŰɖəŮ ůŮ ůɡɢɜɧŰɖŰŬ əŬŰŬɔɟŬűɐɠ Űɘɛɩɜ ŬɜɎ 1 s əŬɘ ˊŬɟɞɢɐ Űɞɡ ŮɘůŮɟɢɧɛŮɜɞɡ ŬɏɟŬ ůŰŬ 150 

ml/min. ȰɜŬ ɜɏɞ űɑɚŰɟɞ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ ɧŰŬɜ ɖ Űɘɛɐ ȷɇɁ, ˊɞɡ űŬɘɜɧŰŬɜ ůŰɘɠ ŮɜŭŮɑɝŮɘɠ Űɞɡ 

ɞɟɔɎɜɞɡ, ɡˊŮɟɏɓŬɘɜŮ Űɖɜ Űɘɛɐ Űɤɜ 100. ȼ ůɡɔəɏɜŰɟɤůɖ BC ůŮ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

ɡˊɞɚɞɔɑůŰɖəŮ ɛŮ əŬɘ ɢɤɟɑɠ Űɖɜ ŮűŬɟɛɞɔɐ ŭɘɞɟɗɤŰɘəɩɜ ŮɝɘůɩůŮɤɜ əŬɘ ůɡɔəɟɑɗɖəŬɜ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮŰŬɝɨ Űɞɡɠ. Ƀɘ ŭɘɞɟɗɤŰɘəɏɠ ŮɝɘůɩůŮɘɠ ˊɞɡ ŮűŬɟɛɧůŰɖəŬɜ ŮɑɜŬɘ ɖ ONA (Optimized 

Noise-reduction Averaging), ɛɘŬ Ŭˊɧ Űɘɠ ˊɘɞ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ŮɝɘůɩůŮɘɠ ɔɘŬ ŮˊŮɝŮɟɔŬůɑŬ 

Űɤɜ ŭŮŭɞɛɏɜɤɜ, ɧˊɞɡ ɔɑɜŮŰŬɘ ɖ ˊɟɞůŬɟɛɞɔɐ Űɞɡ ɛɏůɞɡ ɧɟɞɡ ɤɠ ˊɟɞɠ Űɞ ɢɟɧɜɞ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ 

Űɖɜ ŮɝŬůɗɏɜɘůɖ Űɞɡ űɤŰɧɠ ɚɧɔɤ Űɖɠ ůɡůůɩɟŮɡůɖɠ BC ůŰɞ űɑɚŰɟɞ ɛŮ Űɞɜ ɢɟɧɜɞ, ɖ LPR (Local 

Polynomial Regression) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞˊɘəɐ ˊɞɚɡɤɜɡɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ, ɖ CMA 

(Centered Moving Average) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɘɜɞɨɛŮɜɞɠ ɛɏůɞɠ ɧɟɞɠ ɔɨɟɤ Ŭˊɧ əɎɗŮ Űɘɛɐ, Ůɜɩ, 

Űɏɚɞɠ, ɏɔɘɜŮ əŬɘ ŭɘɧɟɗɤůɖ ɛŮ Űɖɜ Ŭˊɚɐ ŬűŬɑɟŮůɖ Űɤɜ ŬɟɜɖŰɘəɩɜ Űɘɛɩɜ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɆŰɞɘɢŮɘŬəɧɠ ɎɜɗɟŬəŬɠ, ȷɘɗŬɚɧɛŮŰɟɞ, ȹɘɞɟɗɤŰɘəɏɠ ŮɝɘůɩůŮɘɠ 

ȺȾɄɃɀɄȺɆ BLACK  CARBON ȷɄɃ ȾȷɄɁȽȾȷ ɄɅɃɌɃɁɇȷ ɉɅȼɆȽɀɃɄɃȽɋɁɇȷɆ 

ȹȽȷūɃɅȺɆ ɀȺŪɃȹɃɈɆ ȺɄȺɂȺɅũȷɆȽȷɆ ȹȺȹɃɀȺɁɋɁ 
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ũ. ɄŬˊŬŭɧˊɞɡɚɞɠ, ũ. ɄŬɜɎɟŬɠ  

ɇɛɐɛŬ ɀɖɢŬɜɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ  

ȻȺɄ, 50100 ȾɞɕɎɜɖ  

e-mail: gpanaras@uowm.gr 

 

Ƀ Ŭəɟɘɓɐɠ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ɟɡɗɛɞɨ ŬŮɟɘůɛɞɨ ůŮ əŰɘɟɘŬəɏɠ ɛɞɜɎŭŮɠ ŮɑɜŬɘ ɓŬůɘəɧɠ ŭŮɑəŰɖɠ ɔɘŬ 

Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ŮůɤŰŮɟɘəɞɨ ŬɏɟŬ, ŬɚɚɎ əŬɘ Űɤɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ 

əŬŰŬɜŬɚɩůŮɤɜ ŬɡŰɩɜ. ȷɡŰɧɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ ɔɑɜŮŰŬɘ Ŭəɧɛɖ ˊɘɞ ŬɜŬəɟɘɓɐɠ ɔɘŬ űɡůɘəɎ ŬŮɟɘɕɧɛŮɜŬ 

əŰɑɟɘŬ, ɧˊɞɡ ŮɝɤŰŮɟɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ əŬɘ ɞɘ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ əŰɘɟɑɞɡ ŮˊɖɟŮɎɕɞɡɜ (ɎɜɞɘɔɛŬ-

əɚŮɑůɘɛɞ ˊŬɟŬɗɨɟɤɜ) ŮˊɖɟŮɎɕɞɡɜ Űɘɠ Űɘɛɏɠ ŬŮɟɘůɛɞɨ. ɀɑŬ ŮɡɟŮɑŬ ŭɘŬŭŮŭɞɛɏɜɖ ɛɏɗɞŭɞ ɔɘŬ Űɞɜ 

ɡˊɞɚɞɔɘůɛɧ Űɞɡ ɟɡɗɛɞɨ ŬŮɟɘůɛɞɨ ŮɑɜŬɘ ɖ ɢɟɐůɖ ɛŮɗɧŭɤɜ Ŭɏɟɘɤɜ ɘɢɜɖɗŮŰɩɜ ɛŮ Űɖ ɢɟɐůɖ ŬŮɟɑɤɜ 

ɧˊɤɠ Űɞ ŭɘɞɝŮɑŭɘɞ Űɞɡ ɎɜɗɟŬəŬ (CO2) ɐ Űɞ ŮɝŬűɗɞɟɘɞɨɢɞ ɗŮɑɞ (SF6). ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɏɔɘɜŮ 

ŮəŰɑɛɖůɖ Űɞɡ ɟɡɗɛɞɨ ŬŮɟɘůɛɞɨ ůŮ űɡůɘəɎ ŬŮɟɘɕɧɛŮɜŬ əŰɑɟɘŬ ɔɟŬűŮɑɤɜ əŬɘ ˊŬɜŮˊɘůŰɖɛɑɤɜ ɛŮ Űɖɜ 

ɛɏɗɞŭɞ ůŰŬɗŮɟɐɠ əŬŰɎůŰŬůɖɠ (Steady State Method) əŬɘ ŬˊɞɛŮɑɤůɖɠ (Decay Method), 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ CO2 ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɞɡɠ ɑŭɘɞɡɠ Űɞɡɠ ŮɟɔŬɕɞɛɏɜɞɡɠ, ɤɠ Ŭɏɟɘɞ ɘɢɜɖɗɏŰɖ. ȼ 

ˊɟɩŰɖ ɛɏɗɞŭɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎ Űɖɜ ˊŬɟɞɡůɑŬ ŬŰɧɛɤɜ ůŰɞ ɢɩɟɞ, ɧˊɞɡ ŰŬ ŮˊɑˊŮŭŬ Űɞɡ CO2 

ɏɢɞɡɜ ůŰŬɗŮɟɞˊɞɘɖɗŮɑ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ŭŮɨŰŮɟɖ ɧˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ɧŰŬɜ ɞ ɡˊɧ ŭɘŮɟŮɨɜɖůɖ 

ɢɩɟɞɠ ɏɢŮɘ ŮəəŮɜɤɗŮɑ. ɆŰɧɢɞɠ ŮɑɜŬɘ ɖ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ŭˊɧ ŰŬ ɛɞɜŰɏɚŬ ˊɞɡ 

ŮűŬɟɛɧůŰɖəŬɜ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ɖ ŬɜɎɚɡůɖ Űɤɜ ŬɓŮɓŬɘɞŰɐŰɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ŮůɤŰŮɟɘəɏɠ 

əŬɘ ŮɝɤŰŮɟɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ CO2, Űɖɜ ˊŬɟŬɔɤɔɐ CO2 Ŭˊɧ Űɞɡɠ ŮɟɔŬɕɞɛɏɜɞɡɠ əŬɘ Űɞɜ ɧɔəɞ 

Űɞɡ ɢɩɟɞɡ ɛɏŰɟɖůɖɠ. ɄŬɟɎɚɚɖɚŬ, ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ əŬɘ ůŰɘɠ ŬɓŮɓŬɘɧŰɖŰŮɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ 

Űɖɜ ɛŮŰɟɖŰɘəɐ ŭɘŬŭɘəŬůɑŬ, ɧˊɤɠ ɖ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ɞɟɔɎɜɤɜ ɛɏŰɟɖůɖɠ əŬɘ ɞɘ ɢɤɟɘəɏɠ ŭɘŬűɞɟɏɠ ˊɞɡ 

Űɡɢɧɜ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ. ȼ ŭɡɜŬŰɧŰɖŰŬ ŮəŰɑɛɖůɖɠ Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɞɡ ɟɡɗɛɞɨ 

ŬŮɟɘůɛɞɨ ɗŬ ůɡɛɓɎɚɚŮɘ ůŰɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ ŮůɤŰŮɟɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɤɜ əŰɘɟɑɤɜ 

əŬɘ ůŰɖɜ Ůɝɞɘəɞɜɧɛɖůɖ ŮɜŮɟɔŮɘŬəɩɜ ˊɧɟɤɜ.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ȷɓŮɓŬɘɧŰɖŰŬ, Ɉˊɞɚɞɔɘůɛɧɠ ȷŮɟɘůɛɞɨ, ɀɏɗɞŭɞɠ ȷŮɟɑɞɡ ȽɢɜɖɗɏŰɖ 

ȷɁȷȿɈɆȼ ȷȸȺȸȷȽɃɇȼɇȷɆ ũȽȷ ɇɃɁ ɄɅɃɆȹȽɃɅȽɆɀɃ  

ɇɃɈ ɅɈŪɀɃɈ ȷȺɅȽɆɀɃɈ ūɈɆȽȾɋɁ ȷȺɅȽȻɃɀȺɋɁ ȾɇȽɅȽɋɁ  

ɀȺ ɇȼ ɉɅȼɆȼ ɀɃɁɇȺȿɋɁ ȽɉɁȼŪȺɇȼ 
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Ⱥ.-Ɂ. ɀŬŭɘɎɠ1, ȷ. ȾɧŰůŮɜɞɠ1, ȷ. ȹɖɛɖŰɟɎəɖɠ1, ɉ. ɉɟɘůŰɞŭɞɨɚɞɡ1, Ƚ. ũəɧɜɞɠ1 əŬɘ ȿ. ȹɞɨɚɞɠ2  
1Ɇɢɞɚɐ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ & ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ, Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ  

2Ɇɢɞɚɐ ȺűŬɟɛɞůɛɏɜɤɜ ɇŮɢɜɩɜ & ȸɘɩůɘɛɞɡ ɆɢŮŭɘŬůɛɞɨ, Ⱥɚɚɖɜɘəɧ ȷɜɞɘəŰɧ ɄŬɜŮˊɘůŰɐɛɘɞ  

email: madias@mail.ntua.gr 

 

ȼ űɤŰŮɘɜɐ ˊɎɚɛɤůɖ ůɡɜɘůŰɎ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɟɧɓɚɖɛŬ ɔɘŬ Űɘɠ űɤŰŮɘɜɏɠ ˊɖɔɏɠ, Ŭűɞɨ ŮˊɖɟŮɎɕŮɘ 

ŬɟɜɖŰɘəɎ Űɖɜ ɞˊŰɘəɐ ɎɜŮůɖ Ůɜɩ ɏɢŮɘ əŬɘ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ. ɀŮŰŬɝɨ Űɤɜ 

ŭɘŬűɞɟŮŰɘəɩɜ ŭŮɘəŰɩɜ, ˊɞɡ ˊɞůɞŰɘəɞˊɞɘɞɨɜ Űɖ űɤŰŮɘɜɐ ˊɎɚɛɤůɖ, ɞ ŭŮɑəŰɖɠ űɤŰŮɘɜɐɠ ˊɎɚɛɤůɖɠ 

ɓɟŬɢŮɑŬɠ ŭɘŬɟəŮɑŬɠ (short term flicker index) PstLM ŬˊɞŰŮɚŮɑ Űɞɜ ˊɚɏɞɜ əŬɗɘŮɟɤɛɏɜɞ. Ƀ ŭŮɑəŰɖɠ PstLM 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ůŮ ˊŮɟɘŮɢɧɛŮɜɞ ůɡɢɜɞŰɐŰɤɜ Űɖɠ əɡɛŬŰɞɛɞɟűɐɠ Űɞɡ űɤŰɧɠ. ȷɡŰɐ ɖ 

ŬɜɎɚɡůɖ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɧůɞ Űɖ ůɡɢɜɧŰɖŰŬ Űɖɠ ŭɘŬɛɧɟűɤůɖɠ Űɞɡ űɤŰɧɠ ɧůɞ əŬɘ Űɖɜ əɟɑůɘɛɖ 

ůɡɢɜɧŰɖŰŬ (critical fusion frequency) Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ɛŬŰɘɞɨ, ɖ ɞˊɞɑŬ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖ ɛɏɔɘůŰɖ 

ůɡɢɜɧŰɖŰŬ ůŰɖɜ ɞˊɞɑŬ ɞɘ ŭɘŬəɟɘŰɞɑ ˊŬɚɛɞɑ űɤŰɧɠ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ ŬɜŰɘɚɖˊŰɞɑ ɤɠ ůɡɜŮɢɐɠ 

űɤŰɘůɛɧɠ Ŭˊɧ Űɞɜ Ŭɜɗɟɩˊɘɜɞ ɞűɗŬɚɛɧ. Ⱥˊɘˊɚɏɞɜ, Űɞ ɛɏŰɟɞ ůŰɟɞɓɞůəɞˊɘəɐɠ ɞɟŬŰɧŰɖŰŬɠ (SVM) 

ŮɑɜŬɘ ɛɘŬ ˊɞůɞŰɘəɐ ɛɏɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ 

ůŰɟɞɓɞůəɞˊɘəɩɜ űŬɘɜɞɛɏɜɤɜ, ŭɖɚŬŭɐ Űɖ ɛŮŰŬɓɞɚɐ ůŰɖɜ ŬɜŰɑɚɖɣɖ Űɖɠ əɑɜɖůɖɠ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ 

Ŭˊɧ űɤŰŮɘɜɧ ŮɟɏɗɘůɛŬ, ɖ ɚŬɛˊɟɧŰɖŰŬ ɐ ɖ űŬůɛŬŰɘəɐ əŬŰŬɜɞɛɐ Űɞɡ ɞˊɞɑɞɡ ŬɡɝɞɛŮɘɩɜŮŰŬɘ ɛŮ Űɖɜ 

ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ, ɔɘŬ ɏɜŬɜ ůŰŬŰɘəɧ ˊŬɟŬŰɖɟɖŰɐ ůŮ ɛɖ ůŰŬŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ɇɞ SVM ɚŬɛɓɎɜŮɘ 

ɡˊɧɣɖ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ɖ ůɡɢɜɧŰɖŰŬ əŬɘ Űɞ ɓɎɗɞɠ Űɖɠ ŭɘŬɛɧɟűɤůɖɠ Űɞɡ űɤŰɧɠ, ɖ ŰŬɢɨŰɖŰŬ əŬɘ ɖ 

əŬŰŮɨɗɡɜůɖ Űɖɠ əɑɜɖůɖɠ əŬɘ ɖ əɟɑůɘɛɖ ůɡɢɜɧŰɖŰŬ ůɡɔɢɩɜŮɡůɖɠ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ɞˊŰɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ. Ƀ ŭŮɑəŰɖɠ SVM ůɡɛɓɎɚɚŮɘ ůŰɞ ůɢŮŭɘŬůɛɧ əŬɘ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ 

űɤŰɘůɛɞɨ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ŮˊɘˊŰɩůŮɩɜ Űɞɡɠ ůŰɖɜ ɞˊŰɘəɐ ɎɜŮůɖ əŬɘ ŬůűɎɚŮɘŬ, ɘŭɑɤɠ ůŮ 

ˊŮɟɘɓɎɚɚɞɜŰŬ ɧˊɞɡ űɤŰɑɕɞɜŰŬɘ əɘɜɞɨɛŮɜŬ ŬɜŰɘəŮɑɛŮɜŬ. ũɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ űɤŰŮɘɜɐɠ 

ˊɎɚɛɤůɖɠ əŬɘ Űɞɡ ůŰɟɞɓɞůəɞˊɘəɞɨ űŬɘɜɞɛɏɜɞɡ ůŮ űɤŰŮɘɜɏɠ ˊɖɔɏɠ LED ɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬűɞɟɎ ůŮ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ ŭŮɑɔɛŬŰŬ űɤŰŮɘɜɩɜ ˊɖɔɩɜ 

LED. ȼ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ ŰɟɞűɞŭɞŰɘəɧ AC, ɛɘŬ ɞɚɞəɚɖɟɩɜɞɡůŬ ůűŬɑɟŬ əŬɘ 

ɏɜŬɜ ŬɘůɗɖŰɐɟŬ űɤŰɘůɛɞɨ ŰŬɢŮɑŬɠ Ŭˊɧəɟɘůɖɠ ɛŮ űŬůɛŬŰɘəɐ Ŭˊɧəɟɘůɖ ˊɞɡ ˊɟɞůɞɛɞɘɩɜŮɘ Űɖɜ 

əŬɛˊɨɚɖ űŬůɛŬŰɘəɐɠ ŮɡŬɘůɗɖůɑŬɠ Űɞɡ Ŭɜɗɟɤˊɑɜɞɡ ɞűɗŬɚɛɞɨ. Ƀɘ ɛŮŰɟɐůŮɘɠ ŭɘŮɝɎɔɞɜŰŬɘ ůɨɛűɤɜŬ 

ɛŮ Űɘɠ ɇŮɢɜɘəɏɠ ɃŭɖɔɑŮɠ IEC TR 61547-1 əŬɘ IEC TR 63158, ɩůŰŮ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ 

ŭŮɑəŰŮɠ PstLM əŬɘ SVM. ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ůɡɛɓɎɚɚŮɘ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ Űɖɠ 

űɤŰŮɘɜɐɠ ˊɎɚɛɤůɖɠ, əŬɗɩɠ əŬɘ Űɞɡ ůŰɟɞɓɞůəɞˊɘəɞɨ űŬɘɜɞɛɏɜɞɡ ůŮ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛŮɠ űɤŰŮɘɜɏɠ 

ˊɖɔɏɠ LED əŬŰŬɚɐɔɞɜŰŬɠ ůŰɖɜ ŮɝŬɔɤɔɐ ůɡɛˊŮɟŬůɛɎŰɤɜ ˊɞɡ ŭɨɜŬɜŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ŭˊɧ 

Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ űɤŰŮɘɜɩɜ ˊɖɔɩɜ əŬɘ Ůɜ ɔɏɜŮɘ Űɞɡɠ ŮˊŬɔɔŮɚɛŬŰɑŮɠ Űɞɡ űɤŰɘůɛɞɨ ɔɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ ɞˊŰɘəɐɠ ɎɜŮůɖɠ əŬɘ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ ŬɟɜɖŰɘəɩɜ ůɡɜŮˊŮɘɩɜ Űɖɠ űɤŰŮɘɜɐɠ ˊɎɚɛɤůɖɠ 

əŬɘ Űɞɡ ůŰɟɞɓɞůəɞˊɘəɞɨ űŬɘɜɞɛɏɜɞɡ.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: űɤŰŮɘɜɐ ˊɎɚɛɤůɖ, ůŰɟɞɓɞůəɞˊɘəɧ űŬɘɜɧɛŮɜɞ, LED   

ȷɂȽɃȿɃũȼɆȼ ūɋɇȺȽɁȼɆ ɄȷȿɀɋɆȼɆ ȾȷȽ ɆɇɅɃȸɃɆȾɃɄȽȾɃɈ ūȷȽɁɃɀȺɁɃɈ 

ɆȺ ūɋɇȺȽɁȺɆ ɄȼũȺɆ LED 

mailto:madias@mail.ntua.gr
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ɀ. ɇɞɛɎůɞɓɘŰɠ1, Ɇ. ȻŮɟŮűɧɠ1, ȷ. ɇůŬɔəɟŬůɞɨɚɖɠ2 əŬɘ ȿ. ȹɞɨɚɞɠ1   

1Ɇɢɞɚɐ ȺűŬɟɛɞůɛɏɜɤɜ ɇŮɢɜɩɜ əŬɘ ȸɘɩůɘɛɞɡ ɆɢŮŭɘŬůɛɞɨ, Ⱥɚɚɖɜɘəɧ ȷɜɞɘəŰɧ ɄŬɜŮˊɘůŰɐɛɘɞ, ɄɎɟɞŭɞɠ 

ȷɟɘůŰɞŰɏɚɞɡɠ 18, 26335, ɄɎŰɟŬ  
2ɇɛɐɛŬ ȷɟɢɘŰŮəŰɧɜɤɜ ɀɖɢŬɜɘəɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɑŬɠ, ɄŮŭɑɞɜ ȯɟŮɤɠ, 38334, ȸɧɚɞɠ  

email: tomasovits.militsa@ac.eap.gr  

 

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɏɢŮɘ ɤɠ ŬɜŰɘəŮɑɛŮɜɞ ɏɟŮɡɜŬɠ Űɞ űɤŰɘůɛɧ ɧɣŮɤɜ əŰɘɟɑɤɜ ůŮ ůɢɏůɖ ɛŮ Űɞ 

űŬɘɜɧɛŮɜɞ Űɖɠ űɤŰɞɟɨˊŬɜůɖɠ. Ƀ ɛɖ əŬŰɎɚɚɖɚɞɠ űɤŰɘůɛɧɠ ɧɣŮɤɜ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ 

űɤŰɞɟɨˊŬɜůɖɠ əŬɘ Űɖ ůˊŬŰɎɚɖ ŮɜɏɟɔŮɘŬɠ, ˊɟɞəŬɚɩɜŰŬɠ ˊɞɚɚŬˊɚɏɠ ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞɜ 

Ɏɜɗɟɤˊɞ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ 

ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ɛɘŬɠ ɡűɘůŰɎɛŮɜɖɠ ŮɔəŬŰɎůŰŬůɖɠ ŮɝɤŰŮɟɘəɞɨ űɤŰɘůɛɞɨ 

ŬɜɎŭŮɘɝɖɠ Űɖɠ ˊɟɧůɞɣɖɠ Ůɜɧɠ əŰɘɟɑɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ȷɗɐɜŬɠ. ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ˊɟɞŰŮɑɜŮŰŬɘ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ŮˊɘŰɧˊɘŬ ɏɟŮɡɜŬ əŬɘ Űɖ ɢɟɐůɖ ɚŬɛˊɟɞəɎɛŮɟŬɠ  ɔɘŬ Űɖ ɚɐɣɖ űɤŰɞɔɟŬűɘɩɜ ɞɘ ɞˊɞɑŮɠ  

ɛŮ Űɖɜ əŬŰɎɚɚɖɚɖ ŮˊŮɝŮɟɔŬůɑŬ ˊŬɟɏɢɞɡɜ ŭŮŭɞɛɏɜŬ ɤɠ ˊɟɞɠ ŰŬ ŮˊɑˊŮŭŬ əŬɘ Űɖɜ əŬŰŬɜɞɛɐ Űɖɠ 

ɚŬɛˊɟɧŰɖŰŬɠ ůŰɖ űɤŰɘůɛɏɜɖ ɧɣɖ Űɞɡ ŮˊɘɚŮɢɗɏɜŰɞɠ əŰɘɟɑɞɡ. ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŮűŬɟɛɧůŰɖəŮ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Ůˊɑůɖɠ ɛŮŰɟɐůŮɘɠ ɤɠ ˊɟɞɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŮɝɤŰŮɟɘəɞɨ ŰŮɢɜɖŰɞɨ űɤŰɘůɛɞɨ ɧˊɤɠ 

Űɞ ɞɟŬŰɧ űɎůɛŬ Ůəˊɞɛˊɐɠ, Űɖ ůɡůɢŮŰɘůɛɏɜɖ ɗŮɟɛɞəɟŬůɑŬ ɢɟɩɛŬŰɞɠ ïCorrelated Color 

Temperature, ɏɜŬɜ Ŭˊɧ Űɞɡɠ ɓŬůɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ŮˊɘůŰɐɛɞɜŮɠ ůɢŮŰɑɕŮŰŬɘ ɛŮ 

Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ űɤŰɞɟɨˊŬɜůɖɠ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɛŮŰɟɐůŮɘɠ Űɞɡ ŭŮɑəŰɖ ɢɟɤɛŬŰɘəɐɠ Ŭˊɧŭɞůɖɠ 

ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ űɤŰɘůɛɞɨ. ɀɏůɤ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɡŰɐɠ ˊŬɟɏɢɞɜŰŬɘ ɢɟɐůɘɛŮɠ  

ˊɚɖɟɞűɞɟɑŮɠ ɤɠ ˊɟɞɠ ŰŬ ŮˊɑˊŮŭŬ űɤŰɘůɛɞɨ ůŰɘɠ űɤŰɘůɛɏɜŮɠ ɧɣŮɘɠ Űɤɜ əŰɘɟɑɤɜ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ˊɟɞŰŮɘɜɧɛŮɜŬ ɧɟɘŬ űɤŰɘůɛɞɨ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊɟɧůűŬŰɖ ŰŮɢɜɘəɐ ɞŭɖɔɑŬ űɤŰɘůɛɞɨ 

TOTEE-20701-7-2021 - çɇŮɢɜɖŰɧɠ əŬɘ űɡůɘəɧɠ űɤŰɘůɛɧɠ əŰɘɟɑɤɜè. ɆŰɧɢɞɠ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ 

ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ ɛŮɗɧŭɤɜ Ŭɝɘɞɚɧɔɖůɖɠ əŬɘ ɓŮɚŰɑɤůɖɠ Űɞɡ ŮɝɤŰŮɟɘəɞɨ űɤŰɘůɛɞɨ 

əŰɘɟɑɤɜ ɤɠ ˊɟɞɠ Űɖ ɛŮɑɤůɖ ˊɘɗŬɜɐɠ ˊɟɧəɚɖůɖɠ űɤŰɞɟɨˊŬɜůɖɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ 

ɓɘɩůɘɛŮɠ ˊɟɞŰɎůŮɘɠ ŮɝɤŰŮɟɘəɞɨ űɤŰɘůɛɞɨ əŰɘɟɑɤɜ ɞɘ ɞˊɞɑŮɠ ɜŬ ŮɑɜŬɘ űɘɚɘəɏɠ ˊɟɞɠ Űɞɜ Ɏɜɗɟɤˊɞ əŬɘ 

Űɞ ˊŮɟɘɓɎɚɚɞɜ.   

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: űɤŰɘůɛɧɠ ɧɣŮɤɜ, űɤŰɞɟɨˊŬɜůɖ, əŬŰŬɜɞɛɐ ɚŬɛˊɟɧŰɖŰŬɠ, ɓɘɤůɘɛɧŰɖŰŬ, ɛɏŰɟɖůɖ 

ɚŬɛˊɟɧŰɖŰŬɠ  
  

 

ɀȺŪɃȹɃɆ ȷɂȽɃȿɃũȼɆȼɆ ɇɃɈ ūɋɇȽɆɀɃɈ ɃɊȺɋɁ ȾɇȽɅȽɋɁ  

ɆȺ ɆɉȺɆȼ ɀȺ ɇɃ ūȷȽɁɃɀȺɁɃ ɇȼɆ ūɋɇɃɅɈɄȷɁɆȼɆ 
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ɆŰ. ȾɧɜŰɞɡ, Ⱥ. ȾɧəəŬɚɖɠ, Ⱥ. ȹŮůɨˊɟɖ, ȹ. ɇɟɘɎɜŰɞɡ əŬɘ Ⱥ. ȿŬɛˊɐ 

ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ, ȸȭ ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ȷɗɖɜɩɜ, 

ɇɛɐɛŬ Ɉɚɘəɩɜ ůŮ ȺˊŬűɐ ɛŮ ɇɟɧűɘɛŬ, ȷɜ. ɇůɧɢŬ 16, 11521 ȷɗɐɜŬ  

email: fcm.gcsl@aade.gr 

 

Ƀɘ űɗŬɚɘəɞɑ ŮůŰɏɟŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ˊɚŬůŰɘəɞˊɞɘɖŰɏɠ ɐ ŰŮɢɜɘəɎ ɓɞɖɗɐɛŬŰŬ ůŮ ˊɚŬůŰɘəɎ 

əŬɘ ɎɚɚŬ ɡɚɘəɎ, ɧˊɤɠ ŮəŰɡˊɤŰɘəɎ ɛŮɚɎɜɘŬ əŬɘ əɧɚɚŮɠ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ 

ɡɚɘəɩɜ ůɡůəŮɡŬůɑŬɠ Űɟɞűɑɛɤɜ. ȿɧɔɤ Űɖɠ ŰɞɝɘəɧŰɖŰŬɠ Űɤɜ űɗŬɚɘəɩɜ ŮůŰɏɟɤɜ əŬɘ Űɖɠ ŬɜɖůɡɢɑŬɠ 

ˊɞɡ ˊɟɞəŬɚŮɑ Űɞ ŮɜŭŮɢɧɛŮɜɞ ɜŬ ŭɟɞɨɜ ɤɠ Ůɜŭɞəɟɘɜɘəɞɑ ŭɘŬŰŬɟɎəŰŮɠ ɛɏůɤ Ůɜɧɠ əɞɘɜɞɨ ɛɖɢŬɜɘůɛɞɨ, 

ˊɟɧůűŬŰŬ, ɛŮɘɩɗɖəŬɜ ŭɟŬůŰɘəɎ ŰŬ ŬɜɩŰŬŰŬ ɧɟɘŬ ˊɞɡ ɘůɢɨɞɡɜ ůŰɖɜ ȺȺ ɧůɞɜ ŬűɞɟɎ Űɖ 

ɛŮŰŬɜɎůŰŮɡůɖ ɞɟɘůɛɏɜɤɜ űɗŬɚɘəɩɜ ŮůŰɏɟɤɜ Ŭˊɧ ˊɚŬůŰɘəɎ ɡɚɘəɎ ůŮ ŰɟɧűɘɛŬ. ɄŬɟɎɚɚɖɚŬ, 

ɡˊɎɟɢŮɘ ŰɎůɖ ůŰŬŭɘŬəɐɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɤɜ űɗŬɚɘəɩɜ ŮůŰɏɟɤɜ Ŭˊɧ ŮɜŬɚɚŬəŰɘəɞɨɠ 

ˊɚŬůŰɘəɞˊɞɘɖŰɏɠ. ɇŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ, ɤůŰɧůɞ, ůɢŮŰɘəɎ ɛŮ Űɞ Ůɑŭɞɠ əŬɘ ŰŬ ŮˊɑˊŮŭŬ Űɤɜ 

ŮɜŬɚɚŬəŰɘəɩɜ ˊɚŬůŰɘəɞˊɞɘɖŰɩɜ ůŰŬ ŰɟɧűɘɛŬ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜŬ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ŭŮɑɔɛŬŰŬ ůɡůəŮɡŬůɛɏɜɤɜ Űɟɞűɑɛɤɜ ŮɝŮŰɎůŰɖəŬɜ ɛŮ ŮűŬɟɛɞɔɐ 

ɛŮɗɧŭɞɡ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ï ŭɘŬŭɞɢɘəɐɠ űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛɎɕŬɠ ɛŮ ŬɜɘɢɜŮɡŰɐ ŰŮŰɟŬˊɧɚɞɡ ï 

ɢɟɧɜɞɡ ˊŰɐůŮɤɠ ɘɧɜŰɤɜ (LC-QTOF-MS), ɛŮ ůŰɧɢɞ Űɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ 

ŮˊɑˊŮŭɤɜ ɏəɗŮůɖɠ Űɤɜ əŬŰŬɜŬɚɤŰɩɜ ůŮ ˊɚŬůŰɘəɞˊɞɘɖŰɏɠ ɛɏůɤ Űɖɠ ŭɘŬŰɟɞűɐɠ. ȼ ɛɏɗɞŭɞɠ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŮ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ůŰɞɢŮɡɛɏɜɞ ˊɟɞůŭɘɞɟɘůɛɧ 14 ŮɜɩůŮɤɜ-ůŰɧɢɤɜ, əŬɗɩɠ əŬɘ 

ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ - ɛɏůɤ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɖɠ ŰŮɢɜɘəɐɠ Űɖɠ çɨˊɞˊŰɖɠè ůɎɟɤůɖɠ (suspect screening) 

ï Űɤɜ ŮɜɩůŮɤɜ ˊɞɡ ůɨɛűɤɜŬ ɛŮ ŮˊɘůŰɖɛɞɜɘəɏɠ ŬɜŬűɞɟɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ɡˊɞəŬŰɎůŰŬŰŬ Űɤɜ 

űɗŬɚɘəɩɜ ŮɜɩůŮɤɜ. 

ũɘŬ Űɖɜ ˊɟɞəŬŰŮɟɔŬůɑŬ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŮűŬɟɛɧůŰɖəŮ ˊŬɟŬɚɚŬɔɐ Űɖɠ ɛŮɗɧŭɞɡ QuEChERS 

(Quick, Easy, Cheap, Effective, Rugged and Safe). ɇŬ ŰɟɧűɘɛŬ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɜŬ ŮɝŮŰŬůŰɞɨɜ 

əŬŰɎ ˊɟɞŰŮɟŬɘɧŰɖŰŬ ŮɑɜŬɘ ɏŰɞɘɛŬ ˊɟɞɠ ɓɟɩůɖ ůɡůəŮɡŬůɛɏɜŬ ŰɟɧűɘɛŬ ˊɞɡ əŬŰŬɜŬɚɩɜɞɜŰŬɘ ůŮ 

ɡɣɖɚɏɠ ˊɞůɧŰɖŰŮɠ Ŭˊɧ ŮɜɐɚɘəŮɠ əŬɘ ˊŬɘŭɘɎ, ŰɟɧűɘɛŬ ɛŮ ɡɣɖɚɐ ɚɘˊɞˊŮɟɘŮəŰɘəɧŰɖŰŬ, əŬɗɩɠ əŬɘ 

ŰɟɧűɘɛŬ çɡˊŮɟ-ůɡůəŮɡŬůɛɏɜŬè ůŰŬ ɞˊɞɑŬ ɞ ɚɧɔɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ŮˊŬűɐɠ Űɤɜ ɡɚɘəɩɜ ůɡůəŮɡŬůɑŬɠ 

ˊɟɞɠ Űɖɜ ˊɞůɧŰɖŰŬ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ Űɟɞűɑɛɞɡ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɡɣɖɚɐ. 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ˊɚŬůŰɘəɞˊɞɘɖŰɏɠ, űɗŬɚɘəɞɑ ŮůŰɏɟŮɠ, ůɡůəŮɡŬůɛɏɜŬ ŰɟɧűɘɛŬ, űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ 

ɡɣɖɚɐɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ, LC-QTOF-MS, çɨˊɞˊŰɖè ůɎɟɤůɖ (suspect screening) 

 

ɄɅɃɆȹȽɃɅȽɆɀɃɆ ūŪȷȿȽȾɋɁ ȺɆɇȺɅɋɁ ȾȷȽ ȷȿȿɋɁ ɄȿȷɆɇȽȾɃɄɃȽȼɇɋɁ ɆȺ 

ɆɈɆȾȺɈȷɆɀȺɁȷ ɇɅɃūȽɀȷ ɀȺ LC-QTOF-MS 



93 

9ο Τακτικό Συνέδριο Μετρολογίας   20 - 21 Ιουνίου 2025, Αθήνα 

 

ID: 081 

 

MɎɟɘɞɠ ũ. ȾɤůŰɎəɖɠ, ɁɘəɧɚŬɞɠ Ɇ. ŪɤɛŬȶŭɖɠ, əŬɘ ɀɘɢŬɐɚ ȾɞɡˊˊɎɟɖɠ 

ȺɟɔŬůŰɐɟɘɞ ȷɜŬɚɡŰɘəɐ ɉɖɛŮɑŬɠ, ɇɛɐɛŬ ɉɖɛŮɑŬɠ, Ⱥɗɜɘəɧ əŬɘ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ, 

ɄŬɜŮˊɘůŰɖɛɘɞɨˊɞɚɖ ȻɤɔɟɎűɞɡ, 157 71, ȷɗɐɜŬ 

e-mail: makostak@chem.uoa.gr 

 

ɆɨɛűɤɜŬ ɛŮ Űɞ ISO 17025 əŬɘ Űɞ ISO 15189 (ɔɘŬ əɚɘɜɘəɎ ŮɟɔŬůŰɐɟɘŬ) ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ŮˊɘŭɧůŮɤɠ Űɤɜ Ůˊɘəɡɟɤɛɏɜɤɜ / ŮˊŬɚɖɗŮɡɛɏɜɤɜ ɛŮɗɧŭɤɜ ˊɟɏˊŮɘ ɜŬ ŬɝɘɞɚɞɔɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

ˊɟɞɓɚŮˊɧɛŮɜɖ ɢɟɐůɖ, ɜŬ ŮɑɜŬɘ ůɡɜŬűɐ ɛŮ Űɘɠ ŬɜɎɔəŮɠ Űɤɜ ˊŮɚŬŰɩɜ əŬɘ ůɡɜŮˊɐ ɛŮ 

ˊɟɞŭɘŬɔɟŬɛɛɏɜŮɠ ˊɟɞŭɘŬɔɟŬűɏɠ (specifications). ȼ ŬɜŬɕɐŰɖůɖ Űɤɜ ˊɟɞŭɘŬɔɟŬűɩɜ ŮɑɜŬɘ ɏɜŬ 

ŭɨůəɞɚɞ ɏɟɔɞ əŬɘ ůɡɜɐɗɤɠ ŰŬ ŮɟɔŬůŰɐɟɘŬ ŬŭɡɜŬŰɞɨɜ ɜŬ ˊɟɞɓɞɨɜ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ Ůˊɘəɨɟɤůɖɠ / ŮˊŬɚɐɗŮɡůɖɠ Űɤɜ ŬɜŬɚɡŰɘəɩɜ ɛŮɗɧŭɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

əŬŰŬɔɟŬűɐ ɛɖ ůɡɛɛɞɟűɩůŮɤɜ Ŭˊɧ Űɞɜ űɞɟɏŬ ŭɘŬˊɑůŰŮɡůɖɠ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɗŬ ˊŬɟɞɡůɘŬůɗɞɨɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮˊɘŭɧůŮɤɠ Űɤɜ ŬɜŬɚɡŰɘəɩɜ 

ɛŮɗɧŭɤɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɛŮɚŮŰɖɗɞɨɜ əŬɘ ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ əŬŰɎ Űɖɜ Ůˊɘəɨɟɤůɖ / ŮˊŬɚɐɗŮɡůɖ Űɤɜ 

ŬɜŬɚɡŰɘəɩɜ ɛŮɗɧŭɤɜ, Űɘɠ ŭɘɎűɞɟŮɠ ˊɖɔɏɠ ɔɘŬ Űɖɜ ŬɜŬɕɐŰɖůɖ ˊɟɞŭɘŬɔɟŬűɩɜ əŬɘ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ 

Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůɡɛɛŮŰɞɢɐɠ ůŮ ŭɘŮɟɔŬůŰɖɟɘŬəɎ ůɢɐɛŬŰŬ Ůɚɏɔɢɞɡ ɘəŬɜɧŰɖŰŬɠ ɔɘŬ Űɖɜ 

əŬɗɘɏɟɤůɖ ˊɟɞŭɘŬɔɟŬűɩɜ ɔɘŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ůˊɑŭɞůɖɠ ɔɘŬ Űɖɜ ˊɘůŰɧŰɖŰŬ əŬɘ ɞɟɗɧŰɖŰŬ Űɤɜ 

ɛŮɗɧŭɤɜ. ŪŬ ˊŬɟɞɡůɘŬůɗɞɨɜ ˊɟɞŭɘŬɔɟŬűɏɠ Ŭˊɧ ŮəŭɧůŮɘɠ Űɖɠ EURACHEM (ɔŮɜɘəɏɠ 

ˊɟɞŭɘŬɔɟŬűɏɠ), SANTE (ɔɘŬ ɡˊɞɚŮɑɛɛŬŰŬ űɡŰɞˊɟɞůŰŬŰŮɡŰɘəɩɜ ɞɡůɘɩɜ), ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ (ɔɘŬ 

ŰɟɧűɘɛŬ, ɜŮɟɎ, əɚˊ), APHA (ɔɘŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ŭŮɑɔɛŬŰŬ), ICH (ɔɘŬ űɎɟɛŬəŬ), ˊɟɧŰɡˊŮɠ 

ɛŮɗɧŭɞɡɠ ISO (ˊŬɟŬɟŰɐɛŬŰŬ ŭɘŮɟɔŬůŰɖɟɘŬəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ), əɚˊ. ȽŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ɗŬ ŭɞɗŮɑ 

ůŰɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Űɖɠ ˊɘůŰɧŰɖŰŬɠ (ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ, ŮɜŭɘɎɛŮůɖ ˊɘůŰɧŰɖŰŬ), ɧɟɘŬ ŬɜɑɢɜŮɡůɖɠ / 

ˊɞůɞŰɘəɞˊɞɑɖůɖɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɜɞɛɞɗŮŰɘəɎ ɧɟɘŬ əŬɘ Űɖɜ ŬɓŮɓŬɘɧŰɖŰŬ. 

ȽŭɘŬɑŰŮɟɖ ɏɛűŬůɖ ɗŬ ŭɞɗŮɑ ɔɘŬ Űɖ ɢɟɐůɖ Űɖɠ ŮɝɘůɩůŮɤɠ Horwitz (ůɡůɢɏŰɘůɖ %RSD 

ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬɠ ɛŮ Űɞ ŮˊɑˊŮŭɞ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ ŬɜŬɚɨŰɖ) ɔɘŬ Űɖɜ əŬɗɘɏɟɤůɖ ˊɟɞŭɘŬɔɟŬűɐɠ 

ɔɘŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ˊɘůŰɧŰɖŰŬɠ ɛŮ ˊŬɟŬŭŮɑɔɛŬŰŬ. Ⱥˊɑůɖɠ ɗŬ ˊŬɟɞɡůɘŬůɗŮɑ ɛɘŬ ůɡɔəɟɘŰɘəɐ 

ɛŮɚɏŰɖ ˊɟɞŭɘŬɔɟŬűɩɜ ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬɠ Ŭˊɧ ŭɘŮɟɔŬůŰɖɟɘŬəɎ ůɢɐɛŬŰŬ əŬɘ Űɖɜ Ůɝɑůɤůɖ 

Horwitz. 

ɇɏɚɞɠ ɔɘŬ Űɘɠ ŬɜŬɚɡŰɘəɏɠ ɛŮɗɧŭɞɡɠ əɚɘɜɘəɩɜ ŮɟɔŬůŰɖɟɑɤɜ ɗŬ ˊŬɟɞɡůɘŬůɗŮɑ ɖ əŬɗɘɏɟɤůɖ 

ˊɟɞŭɘŬɔɟŬűɩɜ ɞɟɗɧŰɖŰŬɠ əŬɘ ˊɘůŰɧŰɖŰŬɠ Ŭˊɧ ŭŮŭɞɛɏɜŬ ŮɜŭɞŬŰɞɛɘəɐɠ əŬɘ ŭɘŬŰɞɛɘəɐɠ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬɠ Űɤɜ ŭɘŬűɧɟɤɜ ŬɜŬɚɡŰɩɜ / ˊŬɟŬɛɏŰɟɤɜ (Ŭˊɧ ɘůŰɧŰɞˊɞ Westgard). 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ȷɝɘɞɚɧɔɖůɖ Ⱥˊɘəɨɟɤůɖɠ/ȺˊŬɚɐɗŮɡůɖɠ, ɄɟɞŭɘŬɔɟŬűɏɠ ŬɜŬɚɡŰɘəɩɜ ɛŮɗɧŭɤɜ, 

Ⱥɝɑůɤůɖ Horwitz 

 

ȷɂȽɃȿɃũȼɆȼ ɉȷɅȷȾɇȼɅȽɆɇIȾɋɁ ȺɄȽȹɃȹȺɋɆ ȺɄȽȾɈɅɋɀȺɁɋɁ / 

ȺɄȷȿȼŪȺɈɀȺɁɋɁ ȷɁȷȿɈɇȽȾɋɁ ɀȺŪɃȹɋɁ 
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ɇ. ɇɞɔəŬɚɑŭɞɡ, Ⱥ. ȿŬɛˊɐ 

ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ, ȷɜ. ɇůɧɢŬ 16, 11521, ȷɗɐɜŬ, 

ȸȭ ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ȷɗɖɜɩɜ, ȺɟɔŬůŰɐɟɘɞ ɄɟɩŰɤɜ Ɉɚɩɜ əŬɘ ȸɘɞɛɖɢŬɜɘəɩɜ ɄɟɞɥɧɜŰɤɜ 

e-mail: t.togkalidou@aade.gr 

  

ɆŰŬ ˊɚŬɑůɘŬ Űɤɜ ŮɟɔŬůŰɖɟɘŬəɩɜ Ůɚɏɔɢɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ əŬɘ Ůɘŭɩɜ ɏɜŭɡůɖɠ ɔɘŬ Űɖɜ 

ůɡɛɛɧɟűɤůɖ ɛŮ Űɞɜ ȾŬɜɞɜɘůɛɞɨ (ȺȾ) 1907/2006 (REACH) (ɛŮ Űɘɠ ɘůɢɨɞɡůŮɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ Űɞɡ), 

Ɏɟɗɟɞ 67, ɄŬɟɎɟŰɖɛŬ XVII, ůŰɞ ũŮɜɘəɧ ɉɖɛŮɑɞ ŬɜŬˊŰɨůůŮŰŬɘ əŬɘ ŮűŬɟɛɧɕŮŰŬɘ ŬŮɟɘɞ-

ɢɟɤɛŬŰɞɔɟŬűɘəɐ ɛɏɗɞŭɞɠ ŬɜɎɚɡůɖɠ. ȼ ɛɏɗɞŭɞɠ ŬɝɘɞˊɞɘŮɑ ŭɨɞ ŬɜŬɚɡŰɘəɎ ůɡůŰɐɛŬŰŬ, ɛŮ ŬɜɘɢɜŮɡŰɐ 

ɘɞɜɘůɛɞɨ űɚɧɔŬɠ  GC-FID əŬɘ ŬɜɘɢɜŮɡŰɐ űŬůɛŬŰɞɔɟɎűɞɡ ɛɎɕŬɠ GC-MSD ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ əŬɘ 

Űɞɜ ˊɞůɞŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ űɗŬɚɘəɩɜ ŮůŰɏɟɤɜ əŬɘ Ɏɚɚɤɜ ˊɚŬůŰɘəɞˊɞɘɖŰɩɜ ůŮ ŬɜŰɘəŮɑɛŮɜŬ 

əŬɗɖɛŮɟɘɜɐɠ ɢɟɐůɖɠ, əŬɘ əɚɤůŰɞɦűŬɜŰɞɡɟɔɘəɎ Ůɑŭɖ. ȼ ŬɜɎɚɡůɖ ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ 12 

űɗŬɚɘəɞɨɠ ŮůŰɏɟŮɠ, ɔɘŬ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ ˊɞɡ ɞɟɑɕɞɜŰŬɘ ůŰɘɠ əŬŰŬɢɤɟɑůŮɘɠ ɛŮ Ŭɟɘɗɛɧ 51, 52 əŬɘ 

72, Űɞɡ Ɏɟɗɟɞɡ 67 əŬɘ ɄŬɟŬɟŰɐɛŬŰɞɠ XVII Űɞɡ ȾŬɜɞɜɘůɛɞɨ REACH. Ƀɘ 10 űɗŬɚɘəɞɑ ŮůŰɏɟŮɠ 

ɏɢɞɡɜ ŮɜŬɟɛɞɜɘůɛɏɜɖ ŰŬɝɘɜɧɛɖůɖ Ŭˊɧ Űɞɜ ECHA ɤɠ Űɞɝɘəɞɑ ůŰɖɜ ŬɜŬˊŬɟŬɔɤɔɐ, Ůɜɩ 4 Ŭˊɧ Űɞɡɠ 

10 űɏɟɞɡɜ Űɖɜ ɜɏŬ ŮɜŬɟɛɞɜɘůɛɏɜɖ ŰŬɝɘɜɧɛɖůɖ Ŭˊɧ Űɞɜ ECHA ɤɠ Ůɜŭɞəɟɘɜɘəɞɑ ŭɘŬŰŬɟɎəŰŮɠ. Ƀɘ 7 

űɗŬɚɘəɞɑ ŮůŰɏɟŮɠ Űɤɜ əŬŰŬɢɤɟɐůŮɤɜ 51 əŬɘ 52 Ŭűɞɟɞɨɜ ˊŬɟɞɡůɑŬ ůŮ ˊɚŬůŰɘəɞˊɞɘɖɛɏɜŬ ɡɚɘəɎ ůŮ 

ŬɜŰɘəŮɑɛŮɜŬ, Ůɜɩ ɞɘ 5 űɗŬɚɘəɞɑ ŮůŰɏɟŮɠ Űɖɠ əŬŰŬɢɩɟɘůɖɠ 72 Ŭűɞɟɞɨɜ ˊŬɟɞɡůɑŬ ůŮ 

əɚɤůŰɞɦűŬɜŰɞɡɟɔɘəɎ Ůɑŭɖ.  

ũɘŬ ŰŬ 26 ɕŮɨɔɖ ɔŬɜŰɘɩɜ ɔɘŬ Ɏɗɚɖůɖ, ˊɞŭɖɚŬůɑŬ, ɛɞŰɞůɘəɚŮŰɘůŰɐ, ˊɞɡ ŮɚɏɔɢɗɖəŬɜ ŮɜŰɧɠ Űɞɡ 

2023 əŬɘ 2024, ɛŮ ɛɏɟɖ Ŭˊɧ ɨűŬůɛŬ, ŭɏɟɛŬ, ˊɞɚɡɛŮɟɐ, 22 Ŭˊɧ ŬɡŰɎ ŬɝɘɞɚɞɔɐɗɖəŬɜ ɛɖ 

ůɡɛɛɞɟűɞɨɛŮɜŬ ɤɠ ˊɟɞɠ Űɞɜ ȾŬɜɞɜɘůɛɧ REACH, əŬɘ ŮɘŭɘəɎ ɔɘŬ Űɞɜ ūɗŬɚɘəɧ ŭɘɠ(2-

ŬɘɗɡɚŮɝɡɚ)ŮůŰɏɟŬ DEHP, ɞɘ ɛɖ ůɡɛɛɞɟűɩůŮɘɠ ɓɟɏɗɖəŬɜ ůŮ 20 Ŭˊɧ ŬɡŰɎ, ůŮ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ 

ɡɚɘəɎ Űɞɡɠ ůŮ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ ˊɞɡ əɡɛŬɑɜɞɜŰŬɜ ɛŮŰŬɝɨ 0,4 əŬɘ 52% ə.ɓ. ɆŮ 14 ˊŬɘŭɘəɏɠ ɛˊɚɞɨɕŮɠ 

ɛŮ ůŰɎɛˊŮɠ ˊɞɡ ŮɚɏɔɢɗɖəŬɜ ŮɜŰɧɠ Űɞɡ 2023 əŬɘ 2024 ˊŬɟɞɡůɘɎůŰɖəŮ ɛɑŬ ɛɖ ůɡɛɛɧɟűɤůɖ ɔɘŬ Űɞ 

űɗŬɚɘəɧ ŮůŰɏɟŬ DEHP, ůŮ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 0,35%ə.ɓ., ůŮ ɛɑŬ ɓɟɏɗɖəŮ ɞ űɗŬɚɘəɧɠ ŮůŰɏɟŬɠ DINP 

(7,5%ə.ɓ.), Ůɜɩ ůŰŬ ůɡɛɛɞɟűɞɨɛŮɜŬ ŭŮɑɔɛŬŰŬ ɓɟɏɗɖəŬɜ ˊɚŬůŰɘəɞˊɞɘɖŰɏɠ (ŮəŰɧɠ ˊŮɟɘɞɟɘůɛɩɜ), 

ɧˊɤɠ ɞ ŰŮɟŮűɗŬɚɘəɧɠ ŭɘɠ(2-ŬɘɗɡɚŮɝɡɚ) ŮůŰɏɟŬɠ, DEHɇP, ɞ 1,2-əɡəɚɞ ɏɝŬɜɞ ŭɘəŬɟɓŬɝɡɚɘəɧɠ ŭɘ-

çɘůɞ ŮɜɜŮɦɚŮůŰɏɟŬɠè, DINCH, əŬɘ ɞ ŰɟɘɓɞɡŰɡɚŮůŰɏɟŬɠ Űɞɡ ŬəɏŰɡɚɞ əɘŰɟɘəɞɨ ɞɝɏɞɠ ůŮ 

ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ ɛɏɢɟɘ 44,8%, 17,8%, əŬɘ 25,9%ə.ɓ. ŬɜŰɑůŰɞɘɢŬ. ɇɞ ɡɣɖɚɧ ˊɞůɞůŰɧ ɛɖ 

ůɡɛɛɞɟűɩůŮɤɜ ŬˊŬɘŰŮɑ ɛɏɗɞŭɞ ɡɣɖɚɐɠ ŬɝɘɞˊɘůŰɑŬɠ, Ůˊɘəɡɟɤɛɏɜɖ, ɛŮ ůɡůŰɖɛŬŰɘəɐ ŮəŰɑɛɖůɖ Űɖɠ 

ŬɓŮɓŬɘɧŰɖŰŬɠ əŬɘ Űɞɡ əŬɜɧɜŬ ůɡɛɛɧɟűɤůɖɠ. ȼ ŮəŰɑɛɖůɖ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Űɖɠ ɛŮɗɧŭɞɡ ɔɑɜŮŰŬɘ ɛŮ 

Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɞɟɗɧŰɖŰŬɠ əŬɘ ˊɘůŰɧŰɖŰŬɠ Ŭˊɧ Űɖɜ ůɡɛɛŮŰɞɢɐ ůŮ ŭɨɞ 

ŭɘŮɟɔŬůŰɖɟɘŬəɎ ůɢɐɛŬŰŬ əŬɘ ŮűŬɟɛɞɔɐ Űɞɡ ISO 21748. 

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: DEHP, űɗŬɚɘəɞɑ ŮůŰɏɟŮɠ, ˊɚŬůŰɘəɞˊɞɘɖŰɏɠ, Ůɜŭɞəɟɘɜɘəɞɑ ŭɘŬŰŬɟɟɎəŰŮɠ,  

Ůɑŭɖ ɟɞɡɢɘůɛɞɨ, Ůɑŭɖ Ɏɗɚɖůɖɠ 
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ȷȺɅȽɃɉɅɋɀȷɇɃũɅȷūȽȾȼɆ ɀȺŪɃȹɃɈ GC-FID ȾȷȽ GC-MSD ɄɅɃɆȹȽɃɅȽɆɀɃɈ 

ūŪȷȿȽȾɋɁ ȺɆɇȺɅɋɁ ȾȷȽ ȷȿȿɋɁ ɄȿȷɆɇȽȾɃɄɃȽȼɇɋɁ ɆȺ ȺȽȹȼ ȺɁȹɈɆȼɆ 

mailto:t.togkalidou@aade.gr


95 

9ο Τακτικό Συνέδριο Μετρολογίας   20 - 21 Ιουνίου 2025, Αθήνα 

 

ID: 066 
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ɇɞ űɡŰɧ Űɖɠ Ŭɚɧɖɠ, ɔɜɤůŰɧ əŬɘ ɤɠ çűɡŰɧ Űɖɠ ŬɗŬɜŬůɑŬɠè ůŰɖɜ ŬɟɢŬɑŬ ȷɑɔɡˊŰɞ, ɏɢŮɘ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ɚŬɞɨɠ ɔɘŬ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ 2000 ɢɟɧɜɘŬ ůŰɖɜ ɗŮɟŬˊŮɑŬ ɛɘŬɠ 

ŮɡɟŮɑŬɠ ɔəɎɛŬɠ ůɡɛˊŰɤɛɎŰɤɜ əŬɘ ˊŬɗɐůŮɤɜ, Ŭˊɧ ŭŮɟɛŬŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ əŬɘ ɏɚəɖ, ɛɏɢɟɘ ůŰɖɜ 

ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ ɡˊŮɟɚɘˊɘŭŬɘɛɑŬ, Űɞɡ ůŬəɢŬɟɩŭɞɡɠ ŭɘŬɓɐŰɖ əŬɘ Űɞɡ ŮɟɡɗɖɛŬŰɩŭɞɡɠ ɚɨəɞɡ. 

ɄŬɟɧŰɘ ɖ ˊŬɟŬɔɤɔɐ Ŭɚɧɖɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ŬɜŬŭɡɧɛŮɜɖ ɓɘɞɛɖɢŬɜɑŬ ɔɘŬ Űɖɜ ɄŬɟŬůəŮɡɐ 

əŬɗŬɟŰɘəɩɜ űŬɟɛɎəɤɜ, əŬɚɚɡɜŰɘəɩɜ, ůɡɛˊɚɖɟɤɛɎŰɤɜ ŭɘŬŰɟɞűɐɠ əŬɘ ɚŮɘŰɞɡɟɔɘəɩɜ Űɟɞűɑɛɤɜ, ɖ 

əŬŰɎˊɞůɖ ůəŮɡŬůɛɎŰɤɜ Ŭɚɧɖɠ ůɢŮŰɑůŰɖəŮ ɎɛŮůŬ ɛŮ ˊŮɟɘůŰŬŰɘəɎ ŭɘɎɟɟɞɘŬɠ, ɡˊɞəŬɚɘŬɘɛɑŬɠ, 

ɣŮɡŭɞɛŮɚɎɜɤůɖɠ, ɜŮűɟɘəɐɠ ŬɜŮˊɎɟəŮɘŬɠ, űɤŰɞŰɞɝɘəɧŰɖŰŬɠ əŬɘ ŬɜŰɘŭɟɎůŮɤɜ ɡˊŮɟŮɡŬɘůɗɖůɑŬɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ, Ŭˊɧ Űɞ 1998 Űɞ Ⱥɗɜɘəɧ ȽɜůŰɘŰɞɨŰɞ ȾŬɟəɑɜɞɡ Űɤɜ ȼɜɤɛɏɜɤɜ ɄɞɚɘŰŮɘɩɜ Űɖɠ 

ȷɛŮɟɘəɐɠ Űɖɜ ɧɟɘůŮ ɤɠ ɡˊɞɣɐűɘŬ ɡɣɖɚɐɠ ˊɟɞŰŮɟŬɘɧŰɖŰŬɠ ɔɘŬ ɛŮɚɏŰɖ əŬɟəɘɜɞɔɏɜŮůɖɠ, Ůɜɩ Űɞ 

2002, ɞ ɃɟɔŬɜɘůɛɧɠ ɇɟɞűɑɛɤɜ əŬɘ ūŬɟɛɎəɤɜ Űɤɜ ȼɄȷ (US Food and Drug Administration, 

FDA) ŮɝɏŭɤůŮ ɏɜŬɜ ŰŮɚɘəɧ əŬɜɞɜɘůɛɧ ɧˊɞɡ ˊɚɏɞɜ ŭɖɚɩɜŮŰŬɘ ɧŰɘ ɖ ɢɟɐůɖ Űɖɠ Ŭɚɧɖɠ ɤɠ 

əŬɗŬɟŰɘəɞɨ ɢɤɟɑɠ ɘŬŰɟɘəɐ ůɡɜŰŬɔɐ ŭŮɜ ŬɜŬɔɜɤɟɑɕŮŰŬɘ ɤɠ ŬůűŬɚɐɠ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ˊɟŬəŰɘəɐ. 

ȷˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ˊɞɚɡůŬəɢŬɟɘŰɩɜ əŬɘ űŬɘɜɞɚɘəɩɜ ɞɡůɑŮɠ, əɡɟɑɤɠ ŬɜɗɟŬəɘɜɞɜɩɜ, ˊɞɡ 

ˊŮɟɘɏɢŮɘ ɖ Ŭɚɧɖ, ŰŬ ɘůɞɛŮɟɐ Űɖɠ Ŭɚɞȶɜɖɠ ŮɑɜŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖɜ ˊɟɧəɚɖůɖ ɞɝŮɘɩɜ 

əŬɘ ɢɟɧɜɘɤɜ ŬɜŮˊɘɗɨɛɖŰɤɜ ŮɜŮɟɔŮɘɩɜ, əŬŰŬŭŮɘəɜɨɞɜŰŬɠ Űɖɜ ŬɜɎɔəɖ ɔɘŬ ŬˊɞŰŮɚŮůɛŬŰɘəɐ 

ŬˊɞɛɎəɟɡɜůɖ Űɖɠ Ŭɚɞɥɜɖɠ Ŭˊɧ ŰŬ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛŬ ˊɟɞɥɧɜŰŬ Ŭɚɧɖɠ. ȷűɞɡɔəɟŬɕɧɛŮɜɞɘ Űɘɠ 

ŬɜɎɔəŮɠ Űɖɠ ŬɔɞɟɎɠ əŬɘ ɛŮ ůŰɧɢɞ Űɖɜ ˊɟɞůŰŬůɑŬ Űɤɜ əŬŰŬɜŬɚɤŰɩɜ, ůŰŬ ŮɟɔŬůŰɐɟɘŬ ɇůŬəŬɚɑŭɖɠ 

ŬɜŬˊŰɨɝŬɛŮ əŬɘ ŭɘŬəɟɘɓɩůŬɛŮ ɛɘŬ ɛɏɗɞŭɞ ɔɘŬ Űɞɜ ŮəɚŮəŰɘəɧ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ Ŭɚɞɥɜɖɠ ůŮ 

ŭŮɑɔɛŬŰŬ ŮˊŮɝŮɟɔŬůɛɏɜɖɠ Ŭɚɧɖɠ ɛŮ ɢɟɐůɖ HPLC-DAD.  

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɗŬ ˊŬɟŬŰŮɗɞɨɜ ŰŬ ůŰɞɘɢŮɑŬ Ůˊɘəɨɟɤůɖɠ Űɖɠ ɛŮɗɧŭɞɡ əŬɘ 

ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞůŭɘɞɟɘůɛɩɜ ůŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŭŮɘɔɛɎŰɤɜ 

Ŭˊɧ ŰŬ ŮɜŭɘɎɛŮůŬ ůŰɎŭɘŬ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ űɨɚɤɜ Aloe Vera.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: Ŭɚɞȶɜɖ, Ŭɚɧɖ, HPLC, DAD, ŭɘŬˊɑůŰŮɡůɖ 
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Ⱥ. ȾɧəəŬɚɖɠ, ɆŰ. ȾɧɜŰɞɡ, ȹ. ɇɟɘɎɜŰɞɡ əŬɘ Ⱥ. ȿŬɛˊɐ 

ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ, ȸȭ ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ȷɗɖɜɩɜ, 

ɇɛɐɛŬ Ɉɚɘəɩɜ ůŮ ȺˊŬűɐ ɛŮ ɇɟɧűɘɛŬ, ȷɜ. ɇůɧɢŬ 16, 11521 ȷɗɐɜŬ  

e-mail: fcm.gcsl@aade.gr 

 

Ƀɘ ˊɞɚɡ- əŬɘ ɡˊŮɟ-űɗɞɟɞŬɚəɡɚɘɤɛɏɜŮɠ ŮɜɩůŮɘɠ (PFAS, poly - and perfluoroalkyl substances) 

ŮɑɜŬɘ ˊɞɚɡɎɟɘɗɛɖ ɞɛɎŭŬ ůɡɜɗŮŰɘəɩɜ ɢɖɛɘəɩɜ ŮɜɩůŮɤɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɏɛɛɞɜɞɡɠ ɞɟɔŬɜɘəɞɨɠ 

ɟɨˊɞɡɠ ɛŮ ɡɣɖɚɧ ŭɡɜŬɛɘəɧ ɓɘɞůɡůůɩɟŮɡůɖɠ. Ⱥˊɘˊɚɏɞɜ, ɞɟɘůɛɏɜŮɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŮɜɩůŮɘɠ 

ůɡůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɝɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ, ɧˊɤɠ ɖ ŬɜɞůɞŰɞɝɘəɧŰɖŰŬ, ɖ 

əŬɟəɘɜɞɔɏɜŮůɖ, ɖ Ůɜŭɞəɟɘɜɘəɐ ŭɘŬŰŬɟŬɢɐ əŬɘ ɖ ŬɜŬˊŰɡɝɘŬəɐ ŰɞɝɘəɧŰɖŰŬ. Ƀɘ PFAS 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɡɚɘəɩɜ Ŭˊɧ ɢŬɟŰɑ əŬɘ ɢŬɟŰɧɜɘ ˊɞɡ ˊɟɞɞɟɑɕɞɜŰŬɘ ɜŬ ɏɟɗɞɡɜ ůŮ 

ŮˊŬűɐ ɛŮ ŰɟɧűɘɛŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞůŭɩůɞɡɜ ůŰŬ ɡɚɘəɎ ŬɡŰɎ ɘŭɘɧŰɖŰŮɠ ɧˊɤɠ ɖ ɢŬɛɖɚɐ 

ŭɘŬˊŮɟŬŰɧŰɖŰŬ ůŮ ɜŮɟɧ, ɚɑˊɖ əŬɘ ɏɚŬɘŬ əŬɗɩɠ əŬɘ ɖ ŬɜɗŮəŰɘəɧŰɖŰŬ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȼ 

ɛŮŰŬɜɎůŰŮɡůɖ Ŭˊɧ ŰŬ ɡɚɘəɎ Ŭˊɧ ɢŬɟŰɑ ɐ ɢŬɟŰɧɜɘ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɏůŮɘ ɛɘŬ ůɖɛŬɜŰɘəɐ ˊɖɔɐ 

Ůˊɘɛɧɚɡɜůɖɠ Űɤɜ Űɟɞűɑɛɤɜ ɛŮ PFAS, ˊɏɟŬɜ ŬɡŰɐɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŮ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. 

Ȱɤɠ ůɐɛŮɟŬ, ŭŮɜ ɏɢɞɡɜ ŰŮɗŮɑ ůŮ ŮɡɟɤˊŬɥəɧ ŮˊɑˊŮŭɞ ˊŮɟɘɞɟɘůɛɞɑ ɧůɞɜ ŬűɞɟɎ Űɖ ɢɟɐůɖ Űɤɜ PFAS 

ůŮ ɡɚɘəɎ Ŭˊɧ ɢŬɟŰɑ ɐ ɢŬɟŰɧɜɘ, ɛŮ ŮɝŬɑɟŮůɖ Űɞɜ ˊŮɟɘɞɟɘůɛɧ ˊɞɡ ŬűɞɟɎ Űɞ perfluorohexanoic acid 

(PFHxA), ɞ ɞˊɞɑɞɠ ŰɑɗŮŰŬɘ ůŮ ŮűŬɟɛɞɔɐ Ŭˊɧ Űɞ 2026 (ȾŬɜ. (ȺȺ) 2024/2462). 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůɨůŰɖɛŬ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ůɡɕŮɡɔɛɏɜɖɠ ɛŮ 

űŬůɛŬŰɧɛŮŰɟɞ ɡɣɖɚɐɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɨˊɞɡ ŰŮŰɟŬˊɧɚɞɡ ï ɢɟɧɜɞɡ ˊŰɐůŮɤɠ ɘɧɜŰɤɜ (LC-

QTOF-MS) ɔɘŬ Űɖ ůŰɞɢŮɡɛɏɜɖ (target) əŬɘ ɛɖ ůŰɞɢŮɡɛɏɜɖ (non-target) ŬɜɎɚɡůɖ Űɤɜ PFAS. Ƀ 

ŬɜɘɢɜŮɡŰɐɠ ŮˊɘɚɏɢɗɖəŮ ɜŬ ŰŮɗŮɑ ůŮ ɚŮɘŰɞɡɟɔɑŬ ŭɘŬŭɞɢɘəɐɠ ï ŬɜɎ ˊŮɟɘɞɢɏɠ m/z ï ɗɟŬɡůɛŬŰɞˊɞɑɖůɖɠ 

Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ˊɟɧŭɟɞɛɤɜ ɘɧɜŰɤɜ əŬɘ əŬŰŬɔɟŬűɐɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ɘɧɜŰɤɜ, ɛŮŰɎ Ŭˊɧ ɛɘŬ 

ˊɚɐɟɖ ůɎɟɤůɖ (SWATH mode). ȼ ɛɏɗɞŭɞɠ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ŮˊɘəɡɟɩɗɖəŮ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ 

Űɤɜ Ůˊɘˊɏŭɤɜ ɛŮŰŬɜɎůŰŮɡůɖɠ ůŮ ŬɘɗŬɜɞɚɘəɎ ŭɘŬɚɨɛŬŰŬ ˊɟɞůɞɛɞɘɤŰɩɜ 30 ˊŮɟɑˊɞɡ ŮɜɩůŮɤɜ ˊɞɡ 

Ŭɜɐəɞɡɜ ůŰɖɜ ɞɛɎŭŬ Űɤɜ PFAS, əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮűŬɟɛɧůŰɖəŮ ɔɘŬ Űɖɜ ŮɝɏŰŬůɖ ɡɚɘəɩɜ əŬɘ 

ŬɜŰɘəŮɘɛɏɜɤɜ Ŭˊɧ ɢŬɟŰɑ əŬɘ ɢŬɟŰɧɜɘ ˊɞɡ əɡəɚɞűɞɟɞɨɜ ůŰɖɜ Ůɚɚɖɜɘəɐ ŬɔɞɟɎ. ɇŬ ˊŮɘɟŬɛŬŰɘəɎ 

ŭŮŭɞɛɏɜŬ (TOF MS əŬɘ TOF MS/MS) ŭɨɜŬɜŰŬɘ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ůŰŬ ŭŮɑɔɛŬŰŬ 

PFAS ˊɞɡ ŭŮɜ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɘɠ ŮɜɩůŮɘɠ-ůŰɧɢɞɡɠ, ɛŮ ŮűŬɟɛɞɔɐ ŭɘŬűɞɟŮŰɘəɩɜ 

ŮɜŬɚɚŬəŰɘəɩɜ ˊɟɞůŮɔɔɑůŮɤɜ, ɧˊɤɠ ɖ çɨˊɞˊŰɖè ůɎɟɤůɖ (suspect screening), ɖ ɢɟɐůɖ ɓɘɓɚɘɞɗɖəɩɜ 

űŬůɛɎŰɤɜ ɛŬɕɩɜ, ɞ ŮɜŰɞˊɘůɛɧɠ ŭɘŬɔɜɤůŰɘəɩɜ ɘɧɜŰɤɜ ɐ ɞɛɧɚɞɔɤɜ ůŮɘɟɩɜ ˊɞɡ ŭɘŬűɞɟɞˊɞɘɞɨɜŰŬɘ 

ɤɠ ˊɟɞɠ ůɡɔəŮəɟɘɛɏɜŮɠ ɡˊŮɟűɗɞɟɞŬɚəɡɚɘɤɛɏɜŮɠ ɞɛɎŭŮɠ əŰɚ. 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: PFAS, ɢŬɟŰɑ əŬɘ ɢŬɟŰɧɜɘ, űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ ɡɣɖɚɐɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ, 

LC-QTOF-MS, ůŰɞɢŮɡɛɏɜɖ (target) əŬɘ ɛɖ ůŰɞɢŮɡɛɏɜɖ (non-target) ŬɜɎɚɡůɖ 

 

ɀȺɇȷɁȷɆɇȺɈɆȼ ɄɃȿɈ- ȾȷȽ ɈɄȺɅ-ūŪɃɅɃȷȿȾɈȿȽɋɀȺɁɋɁ ȺɁɋɆȺɋɁ ȷɄɃ 

ɈȿȽȾȷ ȷɄɃ ɉȷɅɇȽ ȾȷȽ ɉȷɅɇɃɁȽ ɄɃɈ ɄɅɃɃɅȽȻɃɁɇȷȽ Ɂȷ ȺȿŪɃɈɁ ɆȺ ȺɄȷūȼ 

ɀȺ ɇɅɃūȽɀȷ ɀȺ LC-QTOF-MS 
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ID: 080 

 

MɎɟɘɞɠ ũ. ȾɤůŰɎəɖɠ1, Ⱥɚɏɜɖ ũəɑəŬ2, ȸŬůɑɚɖɠ ȻɤɜŬɟɎɠ3 əŬɘ ũŮɩɟɔɘɞɠ ŪŮɞŭɤɟɑŭɖɠ4 
1ȺɟɔŬůŰɐɟɘɞ ȷɜŬɚɡŰɘəɐ ɉɖɛŮɑŬɠ, ɇɛɐɛŬ ɉɖɛŮɑŬɠ, Ⱥɗɜɘəɧ əŬɘ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ, 

ɄŬɜŮˊɘůŰɖɛɘɞɨˊɞɚɖ ȻɤɔɟɎűɞɡ, 157 71, ȷɗɐɜŬ 
2Ⱥɟɔ.ȽŬŰɟɞŭ. & ɇɞɝɘəɞɚɞɔɑŬɠ, ɇɛɐɛŬ ȽŬŰɟɘəɐɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

3ɉɖɛɘəɧɠ 
4Ⱥɟɔ. ȷɜŬɚɡŰɘəɐ ɉɖɛŮɑŬɠ, ɇɛɐɛŬ ɉɖɛŮɑŬɠ, ȷɟɘůŰɞŰɏɚŮɘɞ ɄŬɜŮˊɘůŰɐɛɘɞ ŪŮůůŬɚɞɜɑəɖɠ 

e-mail: makostak@chem.uoa.gr 

 

ȼ Eurachem ŬˊɞŰŮɚŮɑ ɏɜŬ ŭɑəŰɡɞ Ůɗɜɘəɩɜ əŬɘ ŮˊɘůŰɖɛɞɜɘəɩɜ ɞɟɔŬɜɘůɛɩɜ ˊɞɡ ŬůɢɞɚɞɨɜŰŬɘ ɛŮ 

Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ ŬɜŬɚɡŰɘəɩɜ ɛŮŰɟɐůŮɤɜ. Ⱥŭɩ əŬɘ ˊɎɜɤ Ŭˊɧ 35 ɢɟɧɜɘŬ ɖ ɓŬůɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ 

Űɖɠ ŮɑɜŬɘ ɜŬ ŮɜɖɛŮɟɩɜŮɘ əŬɘ ɜŬ əŬɗɞŭɖɔŮɑ ˊɎɜɤ ůŮ ɗɏɛŬŰŬ ɛŮŰɟɞɚɞɔɑŬɠ əŬɘ ɗɏɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ 

Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ ɛŮŰɟɐůŮɤɜ. ɀŮ ůŰɧɢɞ ŬɡŰɧ ŭɘɞɟɔŬɜɩɜŮɘ ŮəˊŬɘŭŮɡŰɘəɏɠ əŬɘ ŮɜɖɛŮɟɤŰɘəɏɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ əŬɘ ŮəŭɑŭŮɘ ɞŭɖɔɑŮɠ (ŮɜɖɛŮɟɤŰɘəɎ űɡɚɚɎŭɘŬ əŬɘ ɚɞɘˊɧ ɡɚɘəɧ) ɛŮ ůəɞˊɧ Űɖɜ 

Ůɜɖɛɏɟɤůɖ Űɤɜ ŮɟɔŬůŰɖɟɑɤɜ, ɞɟɔŬɜɘůɛɩɜ ŭɘŬˊɑůŰŮɡůɖɠ, ŮɚŮɔəŰɘəɩɜ Ŭɟɢɩɜ əŬɘ ŮˊɘůŰɖɛɧɜɤɜ ˊɞɡ 

ŮɟɔɎɕɞɜŰŬɘ ůŮ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ Ŭűɞɟɞɨɜ ɢɖɛɘəɏɠ, űɡůɘəɏɠ əŬɘ ɛɘəɟɞɓɘɞɚɞɔɘəɏɠ ɛŮŰɟɐůŮɘɠ. 

Ƀ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɞɠ əŬɘ ɛŮ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɚɐɣŮɘɠ ɞŭɖɔɧɠ Űɖɠ Eurachem ˊɞɡ ŬűɞɟɎ Űɖɜ 

Ůˊɘəɨɟɤůɖ Űɤɜ ŬɜŬɚɡŰɘəɩɜ ɛŮɗɧŭɤɜ çFitness for Purpose of Analytical Method ï A laboratory 

Guide to Method Validation and Related Topicsè ŬɜŬɗŮɤɟɐɗɖəŮ əŬɘ Űɞ 2025 ŮəŭɧɗɖəŮ ɖ ŰɟɑŰɖ Űɞɡ 

ɏəŭɞůɖ. ɄŬɟɎɚɚɖɚŬ, Űɞ 2024 ŮəŭɧɗɖəŮ ɏɜŬɠ ɜɏɞɠ ɞŭɖɔɧɠ, ɛŮ Űɖ ůɡɜŮɟɔŬůɑŬ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ 

ɃɛɎŭɤɜ ȺɟɔŬůɑŬɠ Űɖɠ Eurachem ɛŮ ɞɟɔŬɜɘůɛɞɨɠ ɧˊɤɠ ɖ Eurolab, ɖ CITAC, ɖ Nordtest əŬɘ ɖ RSC 

AMC, ɛŮ ŰɑŰɚɞ: çValidation of Measurements Procedures that include Samplingè. Ƀ ůəɞˊɧɠ Űɞɡ 

ɜɏɞɡ ůɡɛˊɚɖɟɤɛŬŰɘəɞɨ ɞŭɖɔɞɨ ŮɑɜŬɘ ɜŬ ɗɏůŮɘ Űɘɠ ɓŬůɘəɏɠ Ŭɟɢɏɠ ɔɘŬ Űɖɜ Ůˊɘəɨɟɤůɖ ɛŮɗɧŭɤɜ (ɖ 

ɞɟɗɧŰŮɟŬ ůɨɛűɤɜŬ ɛŮ Űɞ VIM, ŭɘŬŭɘəŬůɘɩɜ ɛɏŰɟɖůɖɠ) ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ əŬɘ Űɞ ůŰɎŭɘɞ Űɖɠ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, ŮɑŰŮ ɤɠ ɛɏɟɞɠ Űɖɠ ɛɏŰɟɖůɖɠ ůŰɞ ˊŮŭɑɞ (in-situ), ŮɑŰŮ ɤɠ ɛɏɟɞɠ ɛɘŬɠ ɛŮɗɧŭɞɡ ˊɞɡ ɖ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ůŮ ŭɘŬűɞɟŮŰɘəɐ ɢɟɞɜɘəɐ ůŰɘɔɛɐ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ (ex-situ). 

Ƀ ůəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ɞɘ ŬɚɚŬɔɏɠ ůŰɞɜ ŮˊɘəŬɘɟɞˊɞɘɖɛɏɜɞ 

ɞŭɖɔɧ Űɖɠ Eurachem ɔɘŬ Űɖɜ Ůˊɘəɨɟɤůɖ Űɤɜ ŬɜŬɚɡŰɘəɩɜ ɛŮɗɧŭɤɜ əŬɘ ɞɘ ɓŬůɘəɏɠ Ŭɟɢɏɠ Űɖɠ ɜɏŬɠ 

ɞŭɖɔɑŬɠ ɔɘŬ Űɖɜ Ůˊɘəɨɟɤůɖ Űɤɜ ɛŮɗɧŭɤɜ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ ůŰŬŭɑɞɡ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: Eurachem, Ⱥˊɘəɨɟɤůɖ ɀŮɗɧŭɤɜ, ȹŮɘɔɛŬŰɞɚɖɣɑŬ 

ȷȿȿȷũȺɆ ɆɇȽɆ ɃȹȼũȽȺɆ ȺɄȽȾɈɅɋɆȼɆ ɀȺŪɃȹɋɁ ɇȼɆ EURACHEM 
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Posters A 

 

ID: 073 

 

ȾɞɡűŬɚɏɝɖɠ ȷɜŰɩɜɘɞɠ, ɇůŬəɑɟɖ ɀŬɟɑŬ, ɁɘəɞɚɑŰůŬɠ ȾɩůŰŬɠ 

Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ ï Ɇȷɇɀ-ɀũ 

email: koufalexis.eng@gmail.com, mtsakiri@mail.ntua.gr, k_nikolitsas@mail.ntua.gr 

 

ɇɞ ˊɟɧŰɡˊɞ ISO 17123 ŬˊɞŰŮɚŮɑ ɏɜŬ ŭɘŮɗɜɏɠ ˊɟɧŰɡˊɞ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ əŬɚɐɠ ɚŮɘŰɞɡɟɔɑŬɠ 

ɔŮɤŭŬɘŰɘəɩɜ ɞɟɔɎɜɤɜ. ɇɞ ˊɏɛˊŰɞ ɛɏɟɞɠ Űɞɡ (ISO 17123-5) ŬűɞɟɎ ůŰɞɜ ɏɚŮɔɢɞ Űɖɠ ŬəɟɑɓŮɘŬɠ 

ɛɏŰɟɖůɖɠ Űɤɜ ɔŮɤŭŬɘŰɘəɩɜ ůŰŬɗɛɩɜ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əŬɟŰŮůɘŬɜɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ (x, y, z) ɤɠ 

ˊŬɟŬŰɖɟɐůɘɛŮɠ ˊɞůɧŰɖŰŮɠ. ɇɞ ˊɟɧŰɡˊɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɨɞ ŭɘŬŭɘəŬůɑŮɠ Ůɚɏɔɢɞɡ: Űɞɜ Ŭˊɚɞˊɞɘɖɛɏɜɞ 

əŬɘ Űɞɜ ˊɚɐɟɖ ɏɚŮɔɢɞ. Ƀ ˊɚɐɟɖɠ ɏɚŮɔɢɞɠ ŬˊŬɘŰŮɑ ɛŮŰɟɐůŮɘɠ ˊŮŭɑɞɡ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɐɠ əŬɘ Űɖɠ ɡɣɞɛŮŰɟɘəɐɠ ˊŮɘɟŬɛŬŰɘəɐɠ Űɡˊɘəɐɠ Ŭˊɧəɚɘůɖɠ, əŬɗɩɠ əŬɘ Űɞɜ 

ůŰŬŰɘůŰɘəɧ ɏɚŮɔɢɞ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɝŮŰɎɕŮɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ ɛɐəɞɡɠ Űɤɜ ˊɚŮɡɟɩɜ Űɖɠ ɛŮŰɟɖŰɘəɐɠ ŭɘɎŰŬɝɖɠ 

ˊŮŭɑɞɡ ůŰɞɜ ůŰŬŰɘůŰɘəɧ ɏɚŮɔɢɞ. ɄŬɟɎɚɚɖɚŬ, ˊɟɞŰŮɑɜŮŰŬɘ ɛɘŬ ŮɜŬɚɚŬəŰɘəɐ ŭɘɎŰŬɝɖ ɛŮŰɟɐůŮɤɜ 

ˊŮŭɑɞɡ, ɛŮ ůŰɧɢɞ Űɖ ɓŮɚŰɑɤůɖ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ ɛɏůɤ Űɖɠ ɛŮɑɤůɖɠ Űɞɡ ŬˊŬɘŰɞɨɛŮɜɞɡ ɢɟɧɜɞɡ 

ůŰɞ ɨˊŬɘɗɟɞ. ȼ ˊɟɞŰŮɘɜɧɛŮɜɖ ŭɘɎŰŬɝɖ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɖɜ Űɡˊɞˊɞɘɖɛɏɜɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ ISO 

17123-5 ɤɠ ˊɟɞɠ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ əɞɟɡűɩɜ Űɞɡ ŭɘəŰɨɞɡ. 

ȼ ůɨɔəɟɘůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɏŭŮɘɝŮ ɧŰɘ ɖ ɛŮɑɤůɖ Űɞɡ ɛɐəɞɡɠ Űɤɜ ˊɚŮɡɟɩɜ Űɞɡ ŭɘəŰɨɞɡ ŭŮɜ 

ŮˊɖɟŮɎɕŮɘ Űɖɜ ŮəŰɘɛɩɛŮɜɖ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɐ ŬɓŮɓŬɘɧŰɖŰŬ Űɞɡ ˊɟɞɠ ɏɚŮɔɢɞ ɞɟɔɎɜɞɡ. Ƀ 

ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɐɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ ˊɟɞůŬɟɛɞɔɐ Űɤɜ 

ůɢɏůŮɤɜ Űɞɡ ISO 17123-5 ɔɘŬ ŭɑəŰɡɞ ŰŮůůɎɟɤɜ əɞɟɡűɩɜ, Ůɜɩ ɖ ŮəŰɑɛɖůɖ Űɖɠ ɡɣɞɛŮŰɟɘəɐɠ 

ŬɓŮɓŬɘɧŰɖŰŬɠ ɓŬůɑůŰɖəŮ ůŰɖ ɛɏɗɞŭɞ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ. 

ɇŬ ˊŮɘɟŬɛŬŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛɏɗɞŭɞɠ ŮɑɜŬɘ Ůɝɑůɞɡ ŬɝɘɧˊɘůŰɖ ɛŮ 

Űɖɜ Űɡˊɞˊɞɘɖɛɏɜɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ ISO 17123-5, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ɛŮɘɩɜŮɘ Űɞɜ ŬˊŬɘŰɞɨɛŮɜɞ ɢɟɧɜɞ 

ůŰɞ ˊŮŭɑɞ, əŬɗɘůŰɩɜŰŬɠ Űɖɜ ɛɘŬ ŰŬɢɨŰŮɟɖ əŬɘ ŬˊɞŭɞŰɘəɧŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ũŮɤŭŬɘůɑŬ, ũŮɤŭŬɘŰɘəɧɠ ɆŰŬɗɛɧɠ, ISO 17123-5, ɀŮŰɟɖŰɘəɐ ŭɘɎŰŬɝɖ 

ɀȺŪɃȹɃȿɃũȽȷ ȸȺȿɇȽɋɆȼɆ ɀȺɇɅȼɇȽȾȼɆ ȹȽȷɇȷɂȼɆ ɄȺȹȽɃɈ  

ɆɈɀūɋɁȷ ɀȺ ɇɃ ɄɅɃɇɈɄɃ ISO 17123-5 
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ID: 031 

 

ȾɤɜůŰŬɜŰɑɜɞɠ ȾɞɨŰɟŬɠ1, ũŮɩɟɔɘɞɠ ɄɏˊˊŬɠ2, ȽɤɎɜɜɖɠ ũəɧɜɞɠ3 əŬɘ ȺɚŮɡɗŮɟɑŬ ɄɡɟɔɘɩŰɖ1  
1ɇɛɐɛŬ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ & ɇŮɢɜɞɚɞɔɑŬɠ ɈˊɞɚɞɔɘůŰɩɜ, ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ, ɄɎŰɟŬ  

2Ɇɢɞɚɐ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ & ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ, ɄɞɚɡŰŮɢɜŮɑɞ ȾɟɐŰɖɠ, ɉŬɜɘɎ  
3Ɇɢɞɚɐ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ & ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ, Ⱥɗɜɘəɧ ɀŮŰůɧɓɘɞ ɄɞɚɡŰŮɢɜŮɑɞ, ȷɗɐɜŬ  

e-mail: k.koutras@ece.upatras.gr  

 

ȷˊɧ ŰŬ əŬŰŬɔŮɔɟŬɛɛɏɜŬ ůɡɛɓɎɜŰŬ ɓɚŬɓɩɜ ůŮ ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ ɘůɢɨɞɠ ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ 

ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɞɡɠ ŮɝŬɟŰɎŰŬɘ ŮəŰɧɠ Űɤɜ Ɏɚɚɤɜ əŬɘ Ŭˊɧ Űɞ Ůɑŭɞɠ Űɖɠ ɛɧɜɤůɖɐ Űɞɡɠ. ɇɞ əɨɟɘɞ 

ůɨůŰɖɛŬ ɛɧɜɤůɖɠ Űɤɜ ɛŮŰŬůɢɖɛŬŰɘůŰɩɜ ɘůɢɨɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ ůɡɜŭɡŬůɛɧ ɛɞɜɤŰɘəɞɨ ŮɚŬɑɞɡ 

(ɞɟɡəŰŮɚŬɑɞɡ) əŬɘ ɛɞɜɤŰɘəɞɨ ɢŬɟŰɘɞɨ ŮɛˊɞŰɘůɛɏɜɞɡ ɛŮ Űɞ ɏɚŬɘɞ. ȿɧɔɤ Űɖɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ 

ɟɨˊŬɜůɖɠ ŮɝŬɘŰɑŬɠ Űɞɡ ˊɞɚɨ ɢŬɛɖɚɞɨ ɟɡɗɛɞɨ ŬˊɞůɨɜɗŮůɖɠ Űɤɜ ɞɟɡəŰŮɚŬɑɤɜ, əŬɗɩɠ əŬɘ əɎˊɞɘŮɠ 

ɛɖ ŮˊɘɗɡɛɖŰɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ, ɧˊɤɠ ɖ ɢŬɛɖɚɐ ůɢŮŰɘəɎ ɗŮɟɛɞəɟŬůɑŬ ŬɜɎűɚŮɝɐɠ Űɞɡɠ, Űɞ ŮɜŭɘŬűɏɟɞɜ 

ˊɞɚɚɩɜ ŮɟŮɡɜɖŰɩɜ ɏɢŮɘ ůŰɟŬűŮɑ ůŮ ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ, ɧˊɤɠ ɖ ɢɟɐůɖ űɡŰɘəɩɜ ŮůŰɏɟɤɜ.  

ɆŮ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ, ŮˊɘɚɏɔŮŰŬɘ ɤɠ ɛɐŰɟŬ Űɞ űɡŰɘəɧ ɏɚŬɘɞ FR3 əŬɘ ŮɘůɎɔɞɜŰŬɘ ůŰɞɜ ɧɔəɞ Űɞɡ 

ɖɛɘŬɔɩɔɘɛŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ SiC, ůŮ ˊɞůɞůŰɘŬɑŬ ŬɜŬɚɞɔɑŬ ɓɎɟɞɡɠ 0.004%. ȼ ɞɜɞɛŬůŰɘəɐ ŭɘɎɛŮŰɟɞɠ Űɤɜ 

ɡˊɧ ɛŮɚɏŰɖ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ 50 nm.  

ȷɡŰɐ ɖ ɛŮɚɏŰɖ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖ ŭɘŮɟŮɨɜɖůɖ Űɞɡ Űɟɧˊɞɡ ɛŮ Űɞɜ ɞˊɞɑɞ ɖ ɛŬəɟɞɢɟɧɜɘŬ 

ɔɐɟŬɜůɖ ŮˊɖɟŮɎɕŮɘ Űɘɠ ŭɘɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɛɞɜɤŰɘəɞɨ ɜŬɜɞŮɚŬɑɞɡ ɛŮ ɛɐŰɟŬ űɡŰɘəɞɨ ŮɚŬɑɞɡ. 

Ƀɘ ŭɞəɘɛɏɠ ŮɜŬɚɚŬůůɧɛŮɜɖɠ (AC) ŰɎůɖɠ ŭɘɎůˊŬůɖɠ əŬɘ əŮɟŬɡɜɘəɐɠ (LI) əɟɞɡůŰɘəɐɠ ŰɎůɖɠ ɡˊɧ 

ɗŮŰɘəɐ ˊɞɚɘəɧŰɖŰŬ, əŬɗɩɠ əŬɘ ɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɛŮɟɘəɩɜ ŮəəŮɜɩůŮɤɜ, ɛŮŰɟɩɜŰŬɘ ɔɘŬ ŰŬ Ůɜɧɠ ɏŰɞɡɠ 

ɔɖɟŬůɛɏɜŬ ŭŮɑɔɛŬŰŬ ɜŬɜŬɞŮɚŬɑɞɡ əŬɘ ɛɐŰɟŬɠ, əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɜŬɚɨɞɜŰŬɘ əŬɘ 

ŬɜŰɘˊŬɟŬɓɎɚɚɞɜŰŬɘ ɛŮ ŮəŮɑɜŬ Űɖɠ ůŰɘɔɛɐɠ Űɖɠ ůɨɜɗŮůɐɠ Űɞɡ ɧˊɤɠ əŬɘ ɛŮŰɎ Ŭˊɧ ɔɐɟŬɜůɖ Ůɜɧɠ 

ɛɐɜŬ.  

ũɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ AC əŬɘ LI ŰɎůɖɠ ŭɘɎůˊŬůɖɠ, ɧɚŬ ŰŬ ŭŮɑɔɛŬŰŬ (ɛɐŰɟŬ əŬɘ ɜŬɜɞɏɚŬɘŬ), 

əŬŰŬˊɞɜɞɨɜŰŬɘ ɛŮ ɡɣɖɚɐ ŰɎůɖ ůɨɛűɤɜŬ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŭɘŮɗɜɐ ˊɟɧŰɡˊŬ IEC. ɆŮ əɎɗŮ ŭŮɑɔɛŬ 

ŮűŬɟɛɧɕŮŰŬɘ AC ŰɎůɖ ŰɞɡɚɎɢɘůŰɞɜ 50 űɞɟɏɠ, Ůɜɩ ɔɘŬ Űɖ ŭɞəɘɛɐ LI ɚŬɛɓɎɜɞɜŰŬɘ ɔɘŬ əɎɗŮ ŭŮɑɔɛŬ 

10 ɔŮɔɞɜɧŰŬ ŭɘɎůˊŬůɖɠ. Ƀɘ əŬŰŬɔŮɔɟŬɛɛɏɜŮɠ Űɘɛɏɠ Űɖɠ ŰɎůɖɠ ŭɘɎůˊŬůɖɠ, ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ 

ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ɏɚŮɔɢɞ əŬŰɎ ˊɧůɞɜ Ŭəɞɚɞɡɗɞɨɜ əɎˊɞɘŮɠ əŬŰŬɜɞɛɏɠ (Normal, Weibull), ɛŮ ůəɞˊɧ 

ɜŬ ŮɝŬɢɗɞɨɜ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖ ŰɎůɖ ŭɘɎůˊŬůɖɠ ůŮ ŭɘɎűɞɟŬ əɟɑůɘɛŬ, ɧůɞɜ ŬűɞɟɎ ůŰɞɜ 

ŬɝɘɧˊɘůŰɞ ůɢŮŭɘŬůɛɧ Ůɜɧɠ ɛɞɜɤŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ŮˊɑˊŮŭŬ ˊɘɗŬɜɧŰɖŰŬɠ ŬůŰɞɢɑŬɠ 1%, 10% əŬɘ 

50%. ɇŬ ŮɡɟɐɛŬŰŬ ɡˊɞŭɖɚɩɜɞɡɜ ɧŰɘ ɖ ŮɜůɤɛɎŰɤůɖ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ɜŬɜɞůɤɛŬŰɘŭɑɞɡ ɏɢŮɘ 

ɞŭɖɔɐůŮɘ ůŮ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ŭɘɖɚŮəŰɟɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ɜŬɜɞŮɚŬɑɞɡ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ 

ɛɐŰɟŬ ˊɞɡ űŬɑɜŮŰŬɘ ɜŬ ŮˊɖɟŮɎɕŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɔɐɟŬɜůɖɠ.  

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɜŬɜɞɏɚŬɘɞ, ŰɎůɖ ŭɘɎůˊŬůɖɠ, ŭɞəɘɛɐ ɛŮɟɘəɩɜ ŮəəŮɜɩůŮɤɜ, ůŰŬŰɘůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ 

ɛŮŰɟɐůŮɤɜ, əŬŰŬɜɞɛɐ Weibull 
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ɀˊŬůɘɎəɞɠ ȷ., ɄŬˊŬŭɎəɞɠ ũ., ɀŬɜŰɏɚɖɠ Ɇ. əŬɘ ɀˊŬɜɞɨŰůɞɠ ũ.  

ȺɅũɃɁɃɀȽȷ ȷ.Ⱥ., ȽűɘɔŮɜŮɑŬɠ 10 Ɂ. ȼɟɎəɚŮɘɞ  

e-mail: a.basiakos@ergonomia.gr  

 

ȾŬŰɎ Űɖɜ ŮɟɔŬůɑŬ, ůɡɢɜɎ ŮɑɜŬɘ ŬɜŬˊɧűŮɡəŰɖ ɖ ɏəɗŮůɖ Űɤɜ ŮɟɔŬɕɞɛɏɜɤɜ ůŮ ɛɘŬ ůŮɘɟɎ Ŭˊɧ 

ɓɚŬˊŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ, ɗɧɟɡɓɞɠ, əɟŬŭŬůɛɞɑ, ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ, əŬəɐ ˊɞɘɧŰɖŰŬ ŬɏɟŬ, əŬɘ 

Ɏɚɚɞɡɠ. ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɏɠ, ˊɟɞəŮɘɛɏɜɞɡ ɖ ŮˊɘɢŮɑɟɖůɖ ɜŬ ɔɜɤɟɑɕŮɘ ŮɎɜ ŰɖɟɞɨɜŰŬɘ ŰŬ ɧɟɘŬ ˊɞɡ 

ɗɏŰŮɘ ɖ ɜɞɛɞɗŮůɑŬ əŬɘ ɜŬ ŮəŰɘɛɐůŮɘ ŮɎɜ ɖ ɏəɗŮůɖ Űɤɜ ŮɟɔŬɕɞɛɏɜɤɜ ůŰɞɡɠ Ůɜ ɚɧɔɤ ˊŬɟɎɔɞɜŰŮɠ 

ɛˊɞɟŮɑ ɜŬ ɓɚɎɣŮɘ Űɖɜ ɡɔŮɑŬ Űɞɡɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŭɘŮɜɏɟɔŮɘŬ ůɢŮŰɘəɩɜ ɛŮŰɟɐůŮɤɜ. ȼ ŭɘŮɜɏɟɔŮɘŬ 

ɛŮŰɟɐůŮɤɜ űɡůɘəɩɜ, ɢɖɛɘəɩɜ əŬɘ ɓɘɞɚɞɔɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, ŮɑɜŬɘ ɜɞɛɞɗŮŰɘəɐ ɡˊɞɢɟɏɤůɖ əɎɗŮ 

ŮˊɘɢŮɑɟɖůɖɠ, ŬɜŮɝŬɟŰɐŰɤɠ Ŭɟɘɗɛɞɨ ŬˊŬůɢɞɚɞɡɛɏɜɤɜ əŬɘ əɚɎŭɞɡ ɞɘəɞɜɞɛɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ. 

ɀɘŬ Ůɝ ŬɡŰɩɜ, ŬűɞɟɎ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŬɘɤɟɞɨɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ (ŮɘůˊɜŮɨůɘɛɞ əɚɎůɛŬ - 

ŬɜŬˊɜŮɨůɘɛɞ əɚɎůɛŬ), ŭɖɚŬŭɐ ůəɧɜɖ ŬŭɟŬɜɐɠ, ɐ Ŭˊɚɩɠ ŮɜɞɢɚɖŰɘəɐ. To Ʉȹ 307/1986, ɧˊɤɠ 

ŰɟɞˊɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɞ Ʉȹ 77/1993, ŮˊɘɓɎɚɚŮɘ ŭɨɞ ɃɟɘŬəɏɠ ɇɘɛɏɠ ȰəɗŮůɖɠ ɔɘŬ ɞˊɞɘŬŭɐˊɞŰŮ ɗɏůɖ 

ŮɟɔŬůɑŬɠ: 10mg/cm3 ɔɘŬ Űo ŮɘůˊɜŮɨůɘɛɞ əɚɎůɛŬ əŬɘ 5mg/cm3 ɔɘŬ Űɞ ŬɜŬˊɜŮɨůɘɛɞ əɚɎůɛŬ. ȼ 

ɛɏɗɞŭɞɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ Ŭˊɧ Űɖɜ Ⱥɝ.Ɉ.Ʉ.Ʉ. Ergonomia ŮɑɜŬɘ ɖ ůŰŬɗɛɘəɐ, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ůɡɚɚɞɔɐ ŭŮɑɔɛŬŰɞɠ ŬŰɛɞůűŬɘɟɘəɞɨ ŬɏɟŬ ɛŮ űɞɟɖŰɏɠ ŬŰɞɛɘəɏɠ ŬɜŰɚɑŮɠ əŬɘ ŮˊŬəɧɚɞɡɗɖ ɕɨɔɘůɖ Űɤɜ 

űɑɚŰɟɤɜ ůŮ ɕɡɔɧ ŮˊŬɟəɞɨɠ ŬəɟɑɓŮɘŬɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ ŮɝŬɟŰɩɜŰŬɘ ůɖɛŬɜŰɘəɎ 

Ŭˊɧ Űɖ ůɡɜŮɘůűɞɟɎ Űɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ ˊɞɡ ůɡɜɞŭŮɨŮɘ Űɖ űɎůɖ Űɖɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ, ŮɑŰŮ ŬɡŰɐ ŬűɞɟɎ 

Űɖɜ ŬɓŮɓŬɘɧŰɖŰŬ ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮɘ Űɖ ŭɘŮɟɔŬůɑŬ Űɖɠ ɚɐɣɖɠ ŭŮɑɔɛŬŰɞɠ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ ŬɜŰɚɘɩɜ, 

ŮɑŰŮ ŬűɞɟɎ Űɖɜ ɑŭɘŬ Űɖ ŭɘŬůˊɞɟɎ Űɞɡ ɛŮŰɟɞɨɛŮɜɞɡ ɛŮɔɏɗɞɡɠ ůŰɞ ɢɩɟɞ ŮɟɔŬůɑŬɠ. ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ ŭɘŬˊɑůŰŮɡůɖɠ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ɛŮŰɟɐůŮɤɜ ɓɚŬˊŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ˊɞɡ ŭɘŬɗɏŰŮɘ ɖ 

Ergonomia ŮˊɘɚɏɢɗɖəŮ, ɤɠ əɨɟɘŬ ŰɡˊɞˊɞɘɖŰɘəɐ ŬɜŬűɞɟɎ ɔɘŬ Űɖ ŭɞəɘɛɐ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ 

ůɡɔəɏɜŰɟɤůɖɠ ŬɘɤɟɞɨɛŮɜɤɜ ůɤɛŬŰɘŭɑɤɜ ůŮ ɗɏůŮɘɠ / ɢɩɟɞɡɠ ŮɟɔŬůɑŬɠ, Űɞ ȹɘŮɗɜɏɠ ɄɟɧŰɡˊɞ ISO 

15767:2009, Workplace atmospheres ð Controlling and characterizing uncertainty in weighing 

collected aerosols. ɆŮ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ˊɚŬɑůɘɞ Ůˊɘəɨɟɤůɖɠ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ, 

ɛŮ Űɞ ůəŮˊŰɘəɧ ɧŰɘ ɖ ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ ɛɏŰɟɖůɖɠ əŬɗɞɟɑɕŮɘ Űɞ əŬŰɎ ˊɧůɞ Űɞ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɐɠ 

ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ ůŰɞɜ ɡˊŮɨɗɡɜɞ Űɞɡ ɢɩɟɞɡ ŮɟɔŬůɑŬɠ ï ŮɟɔɞŭɧŰɖ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ ůɡɛˊŮɟɎɜŮɘ 

ŮɎɜ ɔɑɜŮŰŬɘ ɡˊɏɟɓŬůɖ Űɤɜ ɞɟɑɤɜ ɐ ɧɢɘ. ɇɞ ɄɟɧŰɡˊɞ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɏɢŮɘ ɏɜŬ ɔŮɜɘəɎ ŭɘŬŰɡˊɤɛɏɜɞ 

ˊŮŭɑɞ ŮűŬɟɛɞɔɐɠ, ŬɜŮɝɎɟŰɖŰɞ Űɞɡ ˊŬɟɎɔɞɜŰŬ ˊɞɡ ɡˊɞɓɎɚɚŮŰŬɘ ůŮ ɛɏŰɟɖůɖ, Ůˊɞɛɏɜɤɠ ɖ 

ˊɟɞůɏɔɔɘůɖ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŮɑɜŬɘ əŬŰɎɚɚɖɚɖ ɔɘŬ ɞˊɞɘŬŭɐˊɞŰŮ ŮűŬɟɛɞɔɐ ůŮ ˊŮɟɘˊŰɩůŮɘɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ ůɡɔəɏɜŰɟɤůɖɠ ˊŬɟŬɔɧɜŰɤɜ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ ɢɩɟɤɜ ɐ/əŬɘ ɗɏůŮɤɜ ŮɟɔŬůɑŬɠ ɛŮ 

ɢɟɐůɖ Űɖɠ ůŰŬɗɛɘəɐɠ ɛŮɗɧŭɞɡ.  

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ŬŰɛɧůűŬɘɟŬ ɢɩɟɞɡ ŮɟɔŬůɑŬɠ, ŮɘůˊɜŮɨůɘɛɖ əŬɘ ŬɜŬˊɜŮɨůɘɛɖ ůəɧɜɖ, ůŰŬɗɛɘəɐ 

ɛɏɗɞŭɞɠ, ŬɓŮɓŬɘɧŰɖŰŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ ŬŮɟɞɚɨɛŬŰɞɠ  

 

ȺɄȽȾɈɅɋɆȼ ɀȺŪɃȹɃɈ ɀȺɇɅȼɆȼɆ ȷȺɅɃūȺɅɇɋɁ ɆɋɀȷɇȽȹȽɋɁ 

(ȺȽɆɄɁȺɈɆȽɀɃ ȾȷȽ ȷɁȷɄɁȺɈɆȽɀɃ ȾȿȷɆɀȷ) ɆȺ ŪȺɆȺȽɆ ȺɅũȷɆȽȷɆ 

ɆɈɀūɋɁȷ ɀȺ ɇɃ ISO 15767:2009 
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Ƀ ȺɟŮɡɜɖŰɘəɧɠ Ʉɡɟɖɜɘəɧɠ ȷɜŰɘŭɟŬůŰɐɟŬɠ Űɞɡ ȺȾȺūȺ çȹɖɛɧəɟɘŰɞɠè ŰɏɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ 

ůŮ əɟɘůɘɛɧŰɖŰŬ Űɞ 1961, Ůɜɩ Űɞ 2004 ŭɘŮəɧˊɖ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɚɧɔɤ Űɤɜ ɃɚɡɛˊɘŬəɩɜ Ŭɔɩɜɤɜ. 

ȷˊɧ Űɞ 2012 ɓɟɘůəɧŰŬɜ ůŮ əŬŰɎůŰŬůɖ ˊŬɟŬŰŮŰŬɛɏɜɖɠ ŭɘŬəɞˊɐɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ɛŮŰŬɓŬɑɜŮɘ ůŮ 

űɎůɖ Űɖɠ Ŭˊɞɝɐɚɤůɖɠ. Ƀ ŬɜŰɘŭɟŬůŰɐɟŬɠ ɐŰŬɜ Űɨˊɞɡ ŬɜɞɘəŰɐɠ ŭŮɝŬɛŮɜɐɠ, ɗŮɟɛɘəɐɠ ɘůɢɨɞɠ 5 MW, 

Ůɜɩ ɢɟɖůɘɛɞˊɞɘɞɨůŮ ɜŮɟɧ ɤɠ ɣɡəŰɘəɧ ɛɏůɞ əŬɘ ŮˊɘɓɟŬŭɡɜŰɐ ɜŮŰɟɞɜɑɤɜ. ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ 

ŭɘŬɛɧɟűɤůɖɠ Űɞɡ ůɢŮŭɑɞɡ Ŭˊɞɝɐɚɤůɖɠ Űɞɡ ŬɜŰɘŭɟŬůŰɐɟŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ůŮ 4 

ŭŮɝŬɛŮɜɏɠ ɜŮɟɞɨ ůŰɘɠ ɞˊɞɑŮɠ ɔɘŬ ɚɧɔɞɡɠ ŬəŰɘɜɞˊɟɞůŰŬůɑŬɠ ɏɢɞɡɜ ŬˊɞɗɖəŮɡŰŮɑ ˊɟɞůɤɟɘɜɎ 

ŮɜŮɟɔɞˊɞɘɖɛɏɜŬ ɐ/əŬɘ ɟɡˊŬůɛɏɜŬ ŮɝŬɟŰɐɛŬŰŬ. Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ 

ɢŬɟŬəŰɖɟɘůɛɧɠ Űɞɡ ɜŮɟɞɨ Űɤɜ ŭŮɝŬɛŮɜɩɜ ŬɡŰɩɜ ŬɜŬűɞɟɘəɎ ɛŮ Űɖ ůɡɔəɏɜŰɟɤůɖ ůŮ ŬɡŰɧ 

ɛŬəɟɧɓɘɤɜ ɘůɞŰɧˊɤɜ ˊɞɡ Ůəˊɏɛˊɞɡɜ ɔ-ŬəŰɘɜɞɓɞɚɑŬ, əŬɗɩɠ əŬɘ Ŭ- əŬɘ ɓ-Ůəˊɞɛˊɩɜ ɛŮ 

ůɖɛŬɜŰɘəɧŰŮɟɞ ŬɡŰɩɜ Űɞ ŰɟɑŰɘɞ. ɆŰŬ ˊɚŬɑůɘŬ ŬɡŰɐɠ Űɖɠ ɏɟŮɡɜŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬɘ 

ŭɘŬůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ɔ-űŬůɛŬŰɞůəɞˊɑŬɠ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ Űɞɡ ɇɛɐɛŬŰɞɠ 

ȺˊɞˊŰŮɑŬɠ ɅŬŭɘŮɜɏɟɔŮɘŬɠ ɄŮɟɘɓɎɚɚɞɜŰɞɠ Űɖɠ ȺȺȷȺ əŬɘ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ Űɞɡ ȺɟŮɡɜɖŰɘəɞɨ 

Ʉɡɟɖɜɘəɞɨ ȷɜŰɘŭɟŬůŰɐɟŬ Űɞɡ ȺȾȺūȺ çȹè. 

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ȺɟŮɡɜɖŰɘəɧɠ Ʉɡɟɖɜɘəɧɠ ȷɜŰɘŭɟŬůŰɐɟŬɠ, ɉŬɟŬəŰɖɟɘůɛɧɠ Ɉɔɟɩɜ ȷˊɞɓɚɐŰɤɜ, 

ɔ-ūŬůɛŬŰɞůəɞˊɑŬ, ȷˊŬɟɑɗɛɖůɖ ůˊɘɜɗɖɟɘůɛɩɜ ůŮ ɡɔɟɧ, ɇɟɑŰɘɞ  
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Fibrous networks, widely used in scientific and industrial applications such as nano-filters and 

neuromorphic circuits, require precise characterization to optimize performance. Despite their 

structural similarities, the key metrological focus varies by application. For membranes and filters, 

pore distribution among fibers is critical, whereas neuromorphic networks depend on the behavior 

of nanowire junctions simulating synaptic functionality. Both systems share geometric features, 

consisting of interwoven 1D fibers forming complex 2D or 3D layers. Approximating these 

structures using infinite straight-line segments enables accurate simulation of non-woven and 

electrospun materials with substantial or continuous fiber lengths.  

This work presents a metrological framework to investigate the stochastic properties of point 

patterns derived from pore (ppp) and junction (ppi) distributions in fibrous networks. The study 

evaluates how fiber randomness influences these patterns. Results show distinct tendencies: ppi 

exhibit strong aggregation, while ppp display a slight periodicity, contributing to pore size 

uniformity. Both patterns demonstrate unique collinearity effects among neighboring points, which 

conventional anisotropy analyses fail to capture. To this end, a novel Local Collinearity (LCL) 

analysis method is introduced to quantify these effects by detecting collinear triplets of nearest 

neighbor points and defining an appropriate metric. These findings highlight the importance of 

advanced metrological approaches in understanding the structure-property relationships of fibrous 

networks.  

 

Keywords: fibrous materials, stochastic properties, point pattern analysis, local collinearity, 

metrological framework  
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During the last few decades, nanowires have been used in various fields of applications from 

electronics and photonics to bio-devices and energy harvesting systems. One of the critical 

properties of nanowire patterns on surfaces is their verticality since it tunes the contact area with the 

attached body and hence the nature of their interactions. For example, when they are perfectly 

vertical, the contact area with the attached droplet or bacteria is minimized leading to the 

enhancement of their superhydrophobic or bactericidal behavior. Therefore, the metrological 

characterization of nanowire verticality can empower the evaluation of their performance in many 

applications.  

The main technique used for the inspection of nanostructured surfaces is Scanning Electron 

Microscopy (SEM) which however suffers from the fact that depicts a 3D surface as a 2D image. 

Hence, it is not a straightforward task to quantify the verticality of the nanowires on a surface 

(which is a 3D feature) by using SEM images (which is 2D). The obvious solution is to obtain and 

inspect cross-section SEM images. This can cause damage to the depicted nanowires and also 

usually cannot provide sufficient statistical data for reliable conclusions.   

In this work, we propose a methodology for characterizing quantitatively the verticality of 

nanowires (NWs) by hybridizing the analysis of tilted and top-down SEM images of NWs. The key 

idea of our approach is to exploit the link between the verticality of NWs and the anisotropy of the 

2D Fourier Transform (FT) of SEM images. In particular, we apply a threshold on FT values to 

identify the low-frequency region in 2D Fourier spectrum with Fourier amplitudes higher than this 

threshold. The anisotropy index A is calculated by ellipticity of the low-frequency region in Fourier 

spectrum. In the case of tilted SEM images, A close to 1 means aligned NWs whereas A close to 0 

leads to the conclusion that NWs are randomly non-aligned. For the cases that AĄ1 in tilted SEM 

images, we then calculate the 2D FT of the top-down SEM images of the same surfaces. When 

AĄ0 (isotropic FT) the NWs are vertical. On the other hand, AĄ1 (anisotropic FT) means the NWs 

are aligned with no being vertical. The above-described methodology was applied for the 

characterization of the verticality of NWs of Polymethyl methacrylate (PMMA) surfaces treated 

with oxygen plasma and further coated with a carbyne-like layer to increase its durability during 

water immersion. 

 

Keywords: Surface anisotropy, Fourier spectrum, Nanowire verticality, nanotechnology, SEM 

imaging  
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ɇɞ ŮɟŮɡɜɖŰɘəɧ ˊɟɧɔɟŬɛɛŬ çMetroMagè 2025-2027 ŬˊɞŰŮɚŮɑ ůɡɜŮɟɔŬůɑŬ 16 ŮɡɟɤˊŬɥəɩɜ 

ɘɜůŰɘŰɞɨŰɤɜ ɛŮŰɟɞɚɞɔɑŬɠ əŬɘ ɄŬɜŮˊɘůŰɖɛɑɤɜ əŬɘ ɗŬ ɢɟɖɛŬŰɞŭɞŰɖɗŮɑ Ŭˊɧ Űɖɜ çȺɡɟɤˊŬɥəɐ 

ɆɡɜŮɟɔŬůɑŬ ɔɘŬ Űɖ ɀŮŰɟɞɚɞɔɑŬè ůŰŬ ˊɚŬɑůɘŬ Űɞɡ Horizon Europe Research and Innovation 

Program.  

ɆŰɧɢɞɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ çMetroMagè ŮɑɜŬɘ ɜŬ ŭɘŬůűŬɚɑůŮɘ Űɖɜ ɘɢɜɖɚŬůɘɛɧŰɖŰŬ ɔɘŬ Űɞ ɛɘəɟɧ 

ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ 10 ɛT- 10 mT. ɇɖɜ ŬɜɎɔəɖ ŬɡŰɐ ŭɖɛɘɞɨɟɔɖůŬɜ ɖ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ 

ɖɚŮəŰɟɞəɘɜɖŰɐɟɤɜ, Űɖɠ ɛŬɔɜɖŰɘəɐɠ ŰɞɛɞɔɟŬűɑŬɠ ɔɘŬ ɘŬŰɟɘəɐ ŭɘɎɔɜɤůɖ əŬɘ ɔŮɜɘəɎ Űɤɜ ɛŮɗɧŭɤɜ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɛɏŰɟɖůɖ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ əŬɘ ɛŬɔɜɖŰɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ.  

  

ɆŰɧɢɞɘ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŮɑɜŬɘ:   

1. ȼ ŭɖɛɘɞɡɟɔɑŬ ɘɢɜɖɚɎůɘɛɤɜ ɛŮɗɧŭɤɜ ɛɏŰɟɖůɖɠ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ůŰɞ Ůɨɟɞɠ Ŭˊɧ 10 ɛT ɏɤɠ 

10 mT, ɛŮ ŬɓŮɓŬɘɧŰɖŰŮɠ Ŭˊɧ 2 mT/T ɏɤɠ 0.2 mT/T.   

2. ȼ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɛŮɗɧŭɤɜ ŬɜŰɘůŰɎɗɛɘůɖɠ Űɞɡ ɛŬɔɜɖŰɘəɞɨ ˊŮŭɑɞɡ ůŰɖɜ ˊŬɟɞɡůɑŬ Űɞˊɘəɩɜ 

ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ˊŮŭɑɤɜ ɐ ɗɞɟɨɓɞɡ.  

3. ȼ ŭɖɛɘɞɡɟɔɑŬ ɛɑŬɠ ɛŮŰɟɞɚɞɔɘəɐɠ ɡˊɞŭɞɛɐɠ ɖ ɞˊɞɑŬ ɗŬ ɘəŬɜɞˊɞɘŮɑ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ 

ŰŮɢɜɞɚɞɔɑŬɠ əŬɘ ɓɘɞɛɖɢŬɜɑŬɠ. ȾɎˊɞɘŬ Ŭˊɧ ŰŬ ŮɗɜɘəɎ ɘɜůŰɘŰɞɨŰŬ ɗŬ ŮˊɘəŮɜŰɟɤɗɞɨɜ ůŰɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŬɓŮɓŬɘɧŰɖŰɎɠ Űɞɡɠ ɏɤɠ 10-7, Ůɜɩ ɎɚɚŬ ůŰɖɜ ɡˊɞůŰɐɟɘɝɖ Űɤɜ 

ŮɟɔŬůŰɖɟɑɤɜ ŭɘŬəɟɑɓɤůɖɠ ɛŮ ŬɓŮɓŬɘɧŰɖŰŬ 10-5.  

4. ȼ ŬɜɎˊŰɡɝɖ Ůɜɧɠ ˊɟɞŰɨˊɞɡ ɛŮŰŬűɞɟɎɠ ɛŮ ŬəɟɑɓŮɘŬ Űɖɠ ŰɎɝɖɠ 10-4, Űɞ ɞˊɞɑɞ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ŭɘŮɟɔŬůŰɖɟɘŬəɐ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ůɡɛɛŮŰŮɢɧɜŰɤɜ ɔɘŬ Űɖɜ ɡˊɞůŰɐɟɘɝɖ 

Űɤɜ ɛŮŰɟɖŰɘəɩɜ ɘəŬɜɞŰɐŰɤɜ ŭɘŬəɟɑɓɤůɖɠ (CMC) Űɞɡɠ.   

5. ȼ ɛŮŰɎŭɞůɖ Űɤɜ ŮˊɘŰŮɡɔɛɎŰɤɜ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ůŰɞɡɠ ŰŮɚɘəɞɨɠ ŮɜŭɘŬűŮɟɧɛŮɜɞɡɠ ˊɞɡ ŮɑɜŬɘ 

ŰŬ ŮɟɔŬůŰɐɟɘŬ ŭɘŬəɟɑɓɤůɖɠ, ɞɘ ɞɟɔŬɜɘůɛɞɑ ŬɜɎˊŰɡɝɖɠ  ˊɟɞŰɨˊɤɜ ISO, ɞɘ əŬŰŬůəŮɡŬůŰɏɠ 

ɞɟɔɎɜɤɜ, ɖ ɓɘɞɛɖɢŬɜɑŬ ə.ɚˊ.   

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɄɟɧŰɡˊɞ, ɘɢɜɖɚŬůɘɛɧŰɖŰŬ, ɀŬɔɜɖŰɘəɧ ˊŮŭɑɞ, ȺɟŮɡɜɖŰɘəɐ Ɉˊɞŭɞɛɐ 
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ȼ ɚŬɛˊɟɧŰɖŰŬ ŮɑɜŬɘ Űɞ ɓŬůɘəɧ űɤŰɞɛŮŰɟɘəɧ ɛɏɔŮɗɞɠ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ űɤŰɘůɛɞɨ ɞŭɩɜ ɧˊɞɡ 

ɞɘ ɓŬůɘəɞɑ ɢɟɐůŰŮɠ ŮɑɜŬɘ ŰŬ ɛɖɢŬɜɞəɑɜɖŰŬ ɞɢɐɛŬŰŬ. ȾŬɗɩɠ, Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɚŬɛˊɟɧŰɖŰŬɠ ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɘɠ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůŰɖɜ ɞˊɞɑŬ ŬɜŬəɚɎŰŬɘ ɞ űɤŰɘůɛɧɠ, Űɞ ɡɚɘəɧ Űɖɠ 

ŬůűɎɚŰɞɡ ŮɑɜŬɘ əŬɗɞɟɘůŰɘəɧ ɔɘŬ Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɞŭɞűɤŰɘůɛɞɨ ůŮ ɞŭɞɨɠ əɚɎůɖɠ ɀ ɧˊɞɡ ŰŬ 

ɧɟɘŬ űɤŰɘůɛɞɨ əŬɗɞɟɑɕɞɜŰŬɘ ůŮ Űɘɛɏɠ ɚŬɛˊɟɧŰɖŰŬɠ (ȺɁ 13201). ɆŰɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ ɞŭɞűɤŰɘůɛɞɨ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Űɡˊɘəɏɠ Űɘɛɏɠ ŬɜŬəɚŬůŰɘəɧŰɖŰŬɠ ɔɘŬ Űɖɜ ɎůűŬɚŰɞ (Űɨˊɞɠ R3 ɔɘŬ Űɖɜ ȺɚɚɎŭŬ) 

ɩůŰŮ ɜŬ ŮɝŮŰɎɕŮŰŬɘ ɖ ůɡɛɛɧɟűɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ɛŮɚŮŰɩɜ ɛŮ ŰŬ ɘůɢɨɞɜŰŬ ˊɟɧŰɡˊŬ 

ɢɤɟɑɠ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ŬůűɎɚŰɞɡ. ɇɞ ɑŭɘɞ ɧɛɤɠ ŭŮɜ ɘůɢɨŮɘ əŬŰɎ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ůɡɛɛɧɟűɤůɖɠ ɛɘŬɠ 

ɜɏŬɠ ŮɔəŬŰɎůŰŬůɖɠ űɤŰɘůɛɞɨ ɧŰŬɜ ŬɡŰɐ ˊŬɟŬŭɞɗŮɑ ˊɟɞɠ ɢɟɐůɖ. Ƀ ɏɚŮɔɢɞɠ ůɡɛɛɧɟűɤůɖɠ ɔɑɜŮŰŬɘ 

ɛŮ ɛŮŰɟɐůŮɘɠ ɚŬɛˊɟɧŰɖŰŬɠ Ůˊɑ Űɞɡ ˊŮŭɑɞɡ ɧˊɞɡ ɖ ŮˊɑŭɟŬůɖ Űɖɠ ŬůűɎɚŰɞɡ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ, Ŭűɞɨ ɞ 

Űɨˊɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɧɠ Ŭˊɧ ŬɡŰɧɜ Űɖɠ ɛŮɚɏŰɖɠ ɐ ɖ ůɡɜŰɐɟɖůɐ Űɖɠ 

ɜŬ ŮɑɜŬɘ Ůɚɚɘˊɐɠ.  

Ɇəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ŮˊɑŭɟŬůɖ Űɞɡ ɡɚɘəɞɨ Űɖɠ ŬůűɎɚŰɞɡ ůŰɘɠ ɛŮŰɟɐůŮɘɠ 

ɚŬɛˊɟɧŰɖŰŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ůɡɛɛɧɟűɤůɖɠ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ 

ŮɔəŬŰŬůŰɎůŮɤɜ űɤŰɘůɛɞɨ ɛŮ ŰŬ ˊɟɧŰɡˊŬ. ũɘŬ ŬɡŰɧ Űɞɜ ůəɞˊɧ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɛŮŰɟɐůŮɘɠ 

ɚŬɛˊɟɧŰɖŰŬɠ ůŮ ɞŭɞɨɠ əɚɎůɖɠ űɤŰɘůɛɞɨ ɀ, ůɨɛűɤɜŬ ɛŮ Űɞ ŭɘŮɗɜɏɠ ˊɟɧŰɡˊɞ ȺɁ13201. Ƀɘ 

ɛŮŰɟɐůŮɘɠ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ůŮ 2 űɎůŮɘɠ Ŭ) ůŮ əŬɜɎɓɞɡɠ ɧˊɞɡ ɞ ŬůűŬɚŰɞŰɎˊɖŰŬɠ Űɞɡ 

ɞŭɞůŰɟɩɛŬŰɞɠ ɗŬ ŮɑɜŬɘ ˊŬɚɘɎɠ ŮˊɑůŰɟɤůɖɠ əŬɘ Ŭɚɚɞɘɤɛɏɜɞɠ Ŭˊɧ Űɖɜ ɢɟɐůɖ, əŬɘ ɓ) ůŰɞɡɠ ɑŭɘɞɡɠ 

əŬɜɎɓɞɡɠ ɛŮŰɎ Űɖɜ ŮˊɑůŰɟɤůɖ ɜɏɞɡ ŬůűŬɚŰɞŰɎˊɖŰŬ. ȾŬɘ ůŰɘɠ 2 ˊŮɟɘˊŰɩůŮɘɠ ɞɘ ɛŮŰɟɐůŮɘɠ ɗŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ůŰɞ ɑŭɘɞ ůɨůŰɖɛŬ űɤŰɘůɛɞɨ ɏŰůɘ ɩůŰŮ ɖ űɤŰŮɘɜɐ ɏɜŰŬůɖ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ ůŰɞ 

ɞŭɧůŰɟɤɛŬ ɜŬ ŮɑɜŬɘ ɖ ɑŭɘŬ (ɏɜŰŬůɖ əŬɘ əŬŰŮɨɗɡɜůɖ). ȺˊɘˊɟɧůɗŮŰŬ ɗŬ ŬɜŬɕɖŰɖɗɞɨɜ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ 

ŭɘŬŭɞɢɘəɞɨɠ əŬɜɎɓɞɡɠ ɧˊɞɡ ɞ Űɨˊɞɠ Űɤɜ űɤŰɘůŰɘəɩɜ ůɤɛɎŰɤɜ ɗŬ ŮɑɜŬɘ ɑŭɘɞɠ, ɞɘ ŬˊɞůŰɎůŮɘɠ Űɤɜ 

ɘůŰɩɜ ůŰŬɗŮɟɏɠ, ŬɚɚɎ ɗŬ ŭɘŬűɏɟŮɘ ɖ əŬŰɎůŰŬůɖ Űɤɜ űɡůɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ 

ɞŭɞůŰɟɩɛŬŰɞɠ. Ƀɘ ɛŮŰɟɐůŮɘɠ ɚŬɛˊɟɧŰɖŰŬɠ ůŰɞ ˊŮŭɑɞ ɗŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɛŮ əɎɛŮɟŬ 

ɚŬɛˊɟɧŰɖŰŬɠ ILMD (Imaging Luminance Measurement Device), əŬɘ ɗŬ ŮɝŬɢɗɞɨɜ ɛŮ əŬŰɎɚɚɖɚɖ 

ŮˊŮɝŮɟɔŬůɑŬ ɖ ɛɏůɖ Űɘɛɐ Űɖɠ ɚŬɛˊɟɧŰɖŰŬɠ Űɞɡ ɞŭɞůŰɟɩɛŬŰɞɠ Lav, ɖ ɞɛɞɘɞɛɞɟűɑŬ ɚŬɛˊɟɧŰɖŰŬɠ 

Uo əŬɘ ɖ ŭɘŬɛɐəɖɠ ɞɛɞɘɞɛɞɟűɑŬ Űɖɠ ɚŬɛˊɟɧŰɖŰŬɠ UI. ɀŮ ɓɎůɖ ŰŬ ůɡɔəŮəɟɘɛɏɜŬ ɛŮɔɏɗɖ ɗŬ 

ŮɝŬɢɗɞɨɜ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ Űɨˊɞɡ Űɞɡ ɞŭɞůŰɟɩɛŬŰɞɠ əŬɘ Űɖɠ ůɡɜŰɐɟɖůɖɠ Űɖɠ 

ŬůűɎɚŰɞɡ ůŰɘɠ ɛŮŰɟɐůŮɘɠ ɞŭɞűɤŰɘůɛɞɨ.  

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɞŭɞűɤŰɘůɛɧɠ, əŬŰŬɜɞɛɐ ɚŬɛˊɟɧŰɖŰŬɠ, ɛɏŰɟɖůɖ ɚŬɛˊɟɧŰɖŰŬɠ, ŮˊɑŭɟŬůɖ ŬůűɎɚŰɞɡ  
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The presence of endocrine-disrupting chemicals (EDCs) such as ɓ-estradiol (E2) in water 

sources is a serious threat to both environmental and public health. Traditional detection techniques, 

using LC-MS for example, show very high sensitivity but require laboratory facilities, specialized 

personnel, and time-consuming procedures. To address this challenge, we report the development 

of a novel portable electrochemical biosensor within the MOBILES project.  

The biosensor utilizes the capacitive transduction mechanism, where an anti-estradiol aptamer 

receptor is immobilized on a gold interdigitated capacitor for the selective detection of ɓ-estradiol 

present in water samples. This event, related to the binding of the receptor, changes the capacitance, 

thus enabling real-time, label-free detection with high selectivity and sensitivity.   

It is designed to achieve a detection limit in the nanomolar range, featuring rapid response times 

along with robust selectivity against interfering compounds. The biosensor is envisioned to be of 

low cost, simple to operate, and deployable under field conditions to meet relevant needs of the 

European Zero-Pollution strategy. In this regard, the combination of bio-based recognition elements 

with portable electronics develops a sustainable approach toward environmental monitoring of 

EDCs.  

This work represents an important advance in environmental metrology and delivers a valid tool 

for regulatory agencies, organizations performing water quality monitoring, and stakeholders in 

industries desiring rapid and real-time detection of emerging contaminants. Further work is devoted 

to full miniaturization and integration into IoT-based monitoring networks, extending their scope of 

applications to the ambient environment.  

  

Keywords: ɓ-estradiol, biosensor, electrochemical detection, capacitive sensor, environmental 

monitoring  

 

DEVELOPMENT OF A ȸ-ESTRADIOL BIOSENSOR FOR ENVIRONMENTAL 
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Accurate elemental analysis of ambient aerosols is vital for understanding emission, transport, 

and deposition processes, which can fluctuate rapidly due to meteorological factors. Recent 

advances in high-time-resolution energy dispersive X-ray fluorescence (ED-XRF) spectrometers, 

such as the Xact 625 and 625i, have significantly improved source tracing capabilities. These near 

real-time XRF (NRT-XRF) instruments also facilitate automated PM  and PM .  sampling, thereby 

enhancing aerosol composition data.  

While previous studies have compared NRT-XRF with ICP-MS, earlier comparisons included a 

benchtop ED-XRF and the older Xact 620. However, updated direct comparisons with current 

systems are lacking. This study addresses this gap by intercomparing a benchtop XRF and the Xact 

625/625i across Athens (March 2024), Nicosia (MarchïDecember 2022), and Dublin (December 

2022ïFebruary 2023), focusing on Si, S, Cl, K, Ca, V, Ti, Mn, Fe, Cu, Zn, Sr, and Pb on PTFE and 

Quartz fiber filters. Results indicate that filter type significantly influences measurement agreement. 

Quartz fiber filters present challenges such as self-absorption and matrix effects from their 

thickness, which can lead to significant inaccuracies in concentration measurements, particularly for 

lighter elements; corrective methods are therefore essential to ensure accurate results. A thorough 

analysis and comparison of the collected data is presented. 

  

Keywords: PM2.5, XRF spectrometry, Intercomparison, Near real-time monitoring, Spectrometer 

evaluation  

NEAR REAL -TIME & BENCHTOP XRF INTERCOMPARISON FOR PM 

ELEMENTAL ANALYSIS: A CASE STUDY ACROSS THREE EUROPEAN CITIES  
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Public water systems in Cyprus are supplied bysurface, ground or desalinated water. Drinking 

water is mainly provided through Water Treatment Plants (WTP) and Desalination Plants. Water is 

stored in water reservoirs situated in different areas of the island and is transferred through piping 

systems to the WTP. During 2024, five conventional filtration WTP and three mobile WTP are 

operating in all island districts under the supervision of Water Development Department (WDD).  

Chlorine is one of the most common substances used for the disinfection process. However, the 

chlorination process has been reported to form by-products such as trihalomethanes (THMs), when 

chlorine reacts with the organic matter naturally present in water like humic and fulvic acids. 

General formula of THMs is CHX3, where ɉ is a halogen or a combination of halogens with 

trichloromethane (CHCl3), bromodichloromethane (CHBrCl2), dibromochloromethane (CHBr2Cl) 

and tribromomethane (CHBr3) to occur more frequently. The State General Laboratory (SGL) is the 

Official Government Laboratory of the island for water quality control and performs the THMôs 

analysis on behalf of the WDD under a cooperation protocol, which is established yearly between 

the two Departments. Since January of 2022, WTP water is monitored on a monthly basis in order 

to comply with the European Directive 2020/2184 and the National Law on the quality of water 

intended for human consumption. These legislations define the level of 100ɛg/L as a parametric 

value of the Total THMs, being the sum of the concentration of the above four compounds.  

The chemical analysis of THMs in water is performed using liquid-liquid microextraction of 

water samples with hexane. For both the qualitative and quantitative analysis of the THMs, the 

extract is then injected to a gas chromatography system consisting of two different capillary 

columns coupled with two electron capture detectors (ECDs). The method quantification limit is 

5ɛg/L. 

The method is validated and accredited and the laboratory successfully participates in 

interlaboratory comparisons every year. Expanded Uncertainty was calculated according to the ISO 

11352. The results derived under the previously mentioned protocol are presented. Specifically, 32 

samplings, from January 2022 to September 2024 and a total of 234 water samples were collected 

from the WTP and were analyzed by SGL. The total THMs concentration range is 5,4 to 102,2ɛg/L. 

  

Keywords: Trihalomethanes, Drinking Water, Water Treatment Plants  
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1ɇɛɐɛŬ ūŬɟɛŬəŮɡŰɘəɐɠ, ɄŬɜŮˊɘůŰɐɛɘɞ ɄŬŰɟɩɜ  

2ȽȺɉɀȼ/ȽɇȺ, Ƀŭɧɠ ɆŰŬŭɑɞɡ, ɄɚŬŰɎɜɘ ȷɢŬȶŬɠ 26504  
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ȼ ˊŮɟɑɗɚŬůɖ ŬəŰɑɜɤɜ-ɉ (XRPD) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ 

əɟɡůŰŬɚɚɘəɧŰɖŰŬɠ əŬɘ Űɞɜ ŭɘŬɢɤɟɘůɛɧ ɛŮŰŬɝɨ əɟɡůŰŬɚɚɘəɩɜ əŬɘ Ɏɛɞɟűɤɜ ɞɡůɘɩɜ. ɇɞ ˊɞůɞůŰɧ 

əɟɡůŰŬɚɚɘəɧŰɖŰŬɠ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɞ ˊŮɟɘɗɚŬůɘɧɔɟŬɛɛŬ ŬəŰɑɜɤɜ-ɉ 

ɓɎůŮɘ Űɖɠ ɎɛŮůɖɠ ůɨɔəɟɘůɖɠ Űɞɡ ůɡɜɞɚɘəɞɨ ŮɛɓŬŭɞɨ Űɤɜ əɞɟɡűɩɜ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ ɛŮ ŬɡŰɧ Űɤɜ 

ŬˊɞəɚŮɘůŰɘəɎ əɟɡůŰŬɚɚɘəɩɜ əɞɟɡűɩɜ Űɞɡ. (1)   

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɏɔɘɜŮ ɏɛɛŮůɖ ˊɟɞůˊɎɗŮɘŬ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ əɟɡůŰŬɚɚɘəɐɠ űɎůɖɠ Űɖɠ 

ŭɟŬůŰɘəɐɠ ɞɡůɑŬɠ Obeticholic Acid. ȼ ˊɚɐɟɤɠ əɟɡůŰŬɚɚɘəɐ űɎůɖ Űɖɠ ŭɟŬůŰɘəɐɠ ɞɡůɑŬɠ ŭŮɜ ɐŰŬɜ 

ŭɘŬɗɏůɘɛɖ Ůɜɩ əŬɘ ɖ Ɏɛɞɟűɖ űɎůɖ ˊɞɡ ɐŰŬɜ ŭɘŬɗɏůɘɛɖ ŮɑɢŮ ŮɡɟŮɑŮɠ əɞɟɡűɏɠ ˊŮɟɑɗɚŬůɖɠ. ũɘŬ Űɖɜ 

ˊɟɞůɏɔɔɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŮˊɘɚɏɢɗɖəŮ ɖ ˊɟɞůŬɟɛɞɔɐ Űɖɠ ɛŮɗɧŭɞɡ Űɤɜ ůŰŬɗŮɟɩɜ ˊɟɞůɗɖəɩɜ ɖ 

ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɔɘŬ ɡɔɟɎ ŭŮɑɔɛŬŰŬ. ɆŰŬ ɎɔɜɤůŰŬ ŭŮɑɔɛŬŰŬ ŰŬ ɞˊɞɑŬ ɐŰŬɜ ɛɑɔɛŬŰŬ 

Ɏɛɞɟűɖɠ əŬɘ əɟɡůŰŬɚɚɘəɐɠ ɨɚɖɠ ˊɟɞůŰɏɗɖəŬɜ ˊɞɚɨ ɛɘəɟɏɠ ˊɞůɧŰɖŰŮɠ Ɏɛɞɟűɖɠ űɎůɖɠ ůŮ ůŰŬɗŮɟɐ 

ɛɎɕŬ, ɩůŰŮ ɞ ůɡɜɞɚɘəɧɠ ɧɔəɞɠ ɜŬ ɗŮɤɟŮɑŰŬɘ ˊɟŬəŰɘəɎ ŬɛŮŰɎɓɚɖŰɞɠ. ɇɞ ɎɔɜɤůŰɞ ŭŮɑɔɛŬ əŬɘ ŰŬ 

ɛɑɔɛŬŰŬ ŬˊɞŰɏɚŮůŬɜ ˊɟɧŰɡˊŬ ŭŮɑɔɛŬŰŬ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ əŬɛˊɨɚɖɠ ɓŬɗɛɞɜɧɛɖůɖɠ ɛŮ Űɖ ɛɏɗɞŭɞ 

Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ, ɧˊɞɡ ůŰɞɜ x ɎɝɞɜŬ ɓɟɘůəɧŰŬɜ ɖ ɔɜɤůŰɐ ˊɟɞůɗɐəɖ Űɞɡ Ɏɛɞɟűɞɡ 

ůɡůŰŬŰɘəɞɨ əŬɘ ůŰɞɜ y ɎɝɞɜŬ ɞ ɛɏůɞɠ ɧɟɞɠ Űɖɠ ŭɘŬűɞɟɎɠ Űɞɡ ůɡɜɞɚɘəɞɨ ŮɛɓŬŭɞɨ Űɞɡ 

ˊŮɟɘɗɚŬůɘɞɔɟɎɛɛŬŰɞɠ əŬɘ ŬɡŰɞɨ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɘɠ əɟɡůŰŬɚɚɘəɏɠ əɞɟɡűɏɠ, ŭɖɚŬŭɐ ɖ Ůɝɑůɤůɖ 

Űɖɠ ŮɡɗŮɑŬɠ ɐŰŬɜ Űɖɠ ɛɞɟűɐɠ:   

ɀɏůɞ ȺɛɓŬŭɧɜ ȯɛɞɟűɞɡ = Ŭ * ɄɟɞůŰɘɗɏɛŮɜɖ ɀɎɕŬ ȯɛɞɟűɞɡ + ɓ. 

ȼ Ůˊɑ Űɞɘɠ ŮəŬŰɧ əŬŰɎ ɓɎɟɞɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Ɏɛɞɟűɞ ɡɚɘəɧ Űɤɜ ŬɔɜɩůŰɤɜ ŭŮɘɔɛɎŰɤɜ 

ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɞ ɚɧɔɞ Űɖɠ ŰŮŰŬɔɛɏɜɖɠ Ůˊɑ Űɖɜ Ŭɟɢɐ ˊɟɞɠ Űɖɜ əɚɑůɖ Űɖɠ Ůɝɑůɤůɖɠ 

ɓŬɗɛɞɜɧɛɖůɖɠ, əŬŰŬɚɐɔɞɜŰŬɠ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ˊɞůɞůŰɞɨ əɟɡůŰŬɚɚɘəɧŰɖŰɎɠ Űɞɡɠ. ȼ 

ŭɘŬəɨɛŬɜůɖ Űɤɜ Űɘɛɩɜ ůɨůŰŬůɖɠ ˊɟɞɏəɡɣŮ ɏɛɛŮůŬ Ŭˊɧ Űɖɜ ŭɘŬəɨɛŬɜůɖ Űɤɜ Űɘɛɩɜ Űɖɠ əɚɑůɖɠ əŬɘ 

Űɖɠ ŰŮŰŬɔɛɏɜɖɠ Ůˊɑ Űɖɜ Ŭɟɢɐ. 

  

1. Uzun Ķ. Methods of determining the degree of crystallinity of polymers with X-ray diffraction: 

a review. Journal of Polymer Research. 2023;30(10):394.  
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The characterization and thickness of polymeric films used in pharmaceutical packaging is 

critical for ensuring product protection (resistance to moisture, oxygen, light, and other 

environmental factors that could degrade the drug), barrier properties (flexibility, puncture 

resistance, and tear strength), and regulatory compliance [1]. 

Among the available methods for identification, separation and thickness measurement of the 

different layers of polymeric films, the most common consist of microtome sectioning followed by 

microscopy for thickness measurement while ATR-FTIR spectroscopy is usually used for the 

characterization of layers through comparison to spectra database. The separation of the different 

layers is usually achieved by taking advantage the different solubility properties of each layer which 

allows dissolvation of each one separately [2]. These techniques are not always applicable though 

and can be time consuming. 

In the current study, we managed to cut vertically and separate the polymeric layers of the 

packaging blisters from a generic and RLD (Reference Listed Drug) drug product without 

dissolving any of the layers or using microtome. For this, immersion in liquid nitrogen was applied. 

For the thickness measurement of the composite film four techniques (digital caliper, optical 

microscopy, stereoscope and scanning electron microscopy) were used and compared against each 

other. Measurement of individual layers was also performed and the obtained values were 

compared against those of the producer. In order to identify each polymeric film, ATR spectroscopy 

was applied. Possible differences between the composite and pocket part of the material were also 

evaluated. 

 

References: 
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[2] Anja Mieth, Eddo Hoekstra, Catherine Simoneau, Guidance for the identification of polymers 

in multilayer films used in food contact materials, European Commission, JRC TECHNICAL 
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ɆɓŮŰɚɎɜŬ ȸɘɓɜŰɏɜəɞ1, ɀŬɟɑŬ ɇůɘɎˊŬɚɖ2, ȸŬůɘɚɘəɐ ɀɘɢŬɚɞˊɞɨɚɞɡ3,  

ɇɖɚɏɛŬɢɞɠ ũɟɖɔɧɟɘɞɠ ɆŰŬɛəɧˊɞɡɚɞɠ4  
1ȺűɞɟŮɑŬ ȷɟɢŬɘɞŰɐŰɤɜ ɄŮɟɘűɏɟŮɘŬɠ ŪŮůůŬɚɞɜɑəɖɠ,  
2ȺűɞɟŮɑŬ ȷɟɢŬɘɞŰɐŰɤɜ ɄŮɟɘűɏɟŮɘŬɠ ŪŮůůŬɚɞɜɑəɖɠ,  

3ȷɟɢŬɘɞɚɞɔɘəɧ ɀɞɡůŮɑɞ ŪŮůůŬɚɞɜɑəɖɠ,  
4 ȺɟɔŬůŰɐɟɘɞ ɊɖűɘŬəɐɠ ȾŬɘɜɞŰɞɛɑŬɠ ůŰɖ ŪŮɞɚɞɔɑŬ əŬɘ ůŰɞɜ ɄɞɚɘŰɘůɛɧ,  

ɇɛɐɛŬ Ⱦɞɘɜɤɜɘəɐɠ ŪŮɞɚɞɔɑŬɠ əŬɘ ɉɟɘůŰɘŬɜɘəɞɨ ɄɞɚɘŰɘůɛɞɨ, ȷɄŪ 

email: vmichalopoulou@culture.gr 

 

ɇɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŬɟɢŬɘɞɛŮŰɟɘəɐ ŮɝɏŰŬůɖ Ůɜɧɠ ůɡɜɧɚɞɡ 

ɛŮŰŬɚɚɘəɩɜ ŮɡɟɖɛɎŰɤɜ Ŭˊɧ Űɘɠ ŬɜŬůəŬűɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɅŮɜŰɑɜŬɠ, ŪŮůůŬɚɞɜɑəɖɠ. Ɇəɞˊɧɠ Űɖɠ 

ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ůɡɛˊɚɖɟɩůŮɘ Űɖ ɔɜɩůɖ ɛŬɠ ɔɘŬ Űɖ ɓɡɕŬɜŰɘɜɐ ɛŮŰŬɚɚɞɡɟɔɑŬ əŬɗɩɠ ɞɘ 

ŬɟɢŬɘɞɛŮŰɟɘəɏɠ ɛŮɚɏŰŮɠ ŬɜŬůəŬűɘəɞɨ ɡɚɘəɞɨ Ŭˊɧ Űɖ ɓɡɕŬɜŰɘɜɐ ˊŮɟɘɧŭɞ ůŰɞɜ ŮɚɚŬŭɘəɧ ɢɩɟɞ ŮɑɜŬɘ 

ŮɚɎɢɘůŰŮɠ. Ƀ ŬɟɢŬɘɞɚɞɔɘəɧɠ ɢɩɟɞɠ Űɖɠ ɅŮɜŰɑɜŬɠ ŮɑɜŬɘ ɏɜŬɠ ɞɢɡɟɤɛɏɜɞɠ ɞɘəɘůɛɧɠ ɢɟɘůŰɘŬɜɘəɩɜ 

ɢɟɧɜɤɜ, ɞ ɞˊɞɑɞɠ ůɩɕŮɘ ŰŮɑɢɖ, ˊɨɟɔɞɡɠ, ɜŬɞɨɠ, ŭŮɝŬɛŮɜɏɠ, ůˊɑŰɘŬ, ŮɟɔŬůŰɐɟɘŬ əŬɘ ŰɎűɞɡɠ. ȼ 

ˊŮɟɘɞɢɐ ˊŬɟɞɡůɘɎɕŮɘ əŬŰɞɑəɖůɖ Ŭˊɧ Űɖ ɜŮɞɚɘɗɘəɐ Ůˊɞɢɐ, əɡɟɑɤɠ ɧɛɤɠ Űɞɡɠ ɓɡɕŬɜŰɘɜɞɨɠ ɢɟɧɜɞɡɠ.   

ũɘŬ ɚɧɔɞɡɠ ůɨɔəɟɘůɖɠ ŮɝŮŰɎůŰɖəŮ ɏɜŬ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ ůɨɜɞɚɞ ɛŮŰŬɚɚɘəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ 

Ŭˊɧ Űɖɜ ŮɚɚɖɜɘůŰɘəɐ, ɟɤɛŬɥəɐ əŬɘ Űɖɜ ɓɡɕŬɜŰɘɜɐ ˊŮɟɑɞŭɞ Űɖɠ ˊŮɟɘɞɢɐɠ. ɆɡɔəŮəɟɘɛɏɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɞˊŰɘəɐ ŮɝɏŰŬůɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ ůŰŮɟŮɞɛɘəɟɞůəɞˊɑɞɡ əŬɘ 

ůŰɞɘɢŮɘŬəɐ ɛɖ əŬŰŬůŰɟŮˊŰɘəɐ ŬɜɎɚɡůɖ XRF Űɞɡ əɟɎɛŬŰɞɠ əŬŰŬůəŮɡɐɠ ɛŮ Űɖ ɢɟɐůɖ űɞɟɖŰɐɠ 

ůɡůəŮɡɐɠ űɗɞɟɘůɛɞɛŮŰɟɑŬɠ ŬəŰɘɜɩɜ ɉ (portable X-Ray Fluoresence, Bruker, Tracer IV) ɛŮ 

ŬɜɘɢɜŮɡŰɐ Silicon Drift  (SDD) əŬɘ ɚɞɔɘůɛɘəɧ ɔɘŬ ŮɝɏŰŬůɖ Űɤɜ ɛŮŰɎɚɚɤɜ, Standard Alloys. ȼ 

ŮɝɏŰŬůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɢɖɛŮɑŬɠ Űɖɠ ȺűɞɟŮɑŬ ȷɟɢŬɘɞŰɐŰɤɜ ɄŮɟɘűɏɟŮɘŬɠ 

ŪŮůůŬɚɞɜɑəɖɠ Ůɜɩ ɔɘŬ Űɖɜ XRF ŬɜɎɚɡůɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ űɞɟɖŰɐ ůɡůəŮɡɐ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ 

ūɡůɘəɞɢɖɛɘəɩɜ ȷɜŬɚɨůŮɤɜ Űɖɠ ȷɜɩŰŬŰɖɠ ȺəəɚɖůɘŬůŰɘəɐɠ ȷəŬŭɖɛɑŬɠ ŪŮůůŬɚɞɜɑəɖɠ.   

ɄŬɟɎ Űɞɜ ŬˊɞůˊŬůɛŬŰɘəɧ ɢŬɟŬəŰɐɟŬ Űɤɜ ŮɡɟɖɛɎŰɤɜ ɞɟɘůɛɏɜŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ ůɢŮŰɘəɎ ɛŮ Űɖ 

ɓɡɕŬɜŰɘɜɐ ɛŮŰŬɚɚɞɡɟɔɘəɐ ˊɟŬəŰɘəɐ Űɖɠ ˊŮɟɘɞɢɐɠ ɛˊɞɟɞɨɜ ɜŬ ůɖɛŮɘɤɗɞɨɜ. ɆɡɔəŮəɟɘɛɏɜŬ 

ˊŬɟŬŰɖɟɐɗɖəŮ ˊɤɠ ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ɢɎɚəɘɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɛűŬɜɑɕŮŰŬɘ ɛɘŬ Ŭɨɝɖůɖ ůŰɖ 

ɢɟɐůɖ Űɞɡ ɣŮɡŭŬɟɔɨɟɞɡ ɞ ɞˊɞɑɞɠ Űɖɜ ˊŮɟɑɞŭɞ ŬɡŰɐ ŮɑɜŬɘ Űɞ əɨɟɘɞ əɟŬɛŬŰɘəɧ ůŰɞɘɢŮɑɞ. ɇɖɜ ɑŭɘŬ 

ˊŮɟɑɞŭɞ ɔɘŬ ɚɧɔɞɡɠ ɞɘəɞɜɞɛɑŬɠ, ɖ ɡˊɞɓɎɗɛɘůɖ Űɞɡ Ŭɟɔɨɟɞɡ ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ɢŬɚəɞɨ ůŰɞ 

əɟɎɛŬ Ůɜɩ əŬɘ ɖ ŮˊŬɟɔɨɟɤůɖ ɞɟŮɘɢɎɚəɘɜɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɝɡˊɖɟŮŰŮɑ Űɞɜ ɑŭɘɞ ůəɞˊɧ. Ⱥˊɑůɖɠ ŰŬ 

ůɘŭŮɟɏɜɘŬ ŬɜŰɘəŮɑɛŮɜŬ ŮɛűŬɜɑɕɞɡɜ ůŰɖɜ ˊɚŮɘɞɜɧŰɖŰŬ Űɞɡɠ ɡɣɖɚɐ əŬɗŬɟɧŰɖŰŬ.   

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɓɡɕŬɜŰɘɜɐ ɛŮŰŬɚɚɞɡɟɔɑŬ, ɢɎɚəɘɜŬ ɓɡɕŬɜŰɘɜɎ ŬɜŰɘəŮɑɛŮɜŬ, ŬɟɔɡɟɎ/ ŮˊŬɟɔɡɟɤɛɏɜŬ 

ɓɡɕŬɜŰɘɜɎ ŬɜŰɘəŮɑɛŮɜŬ, ůɘŭŮɟɏɜɘŬ ɓɡɕŬɜŰɘɜɎ ŬɜŰɘəŮɑɛŮɜŬ, XRF ŬɜɎɚɡůɖ 
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ȾɡɟɘŬəɐ ȷɜŬɔɜɤůŰɞˊɞɨɚɞɡ1,2 , ȸŬůɑɚŮɘɞɠ ȷɚŬɛˊɎɜɞɠ1,2 ,  

Ⱥɚɏɜɖ ȺɡɔŮɜɑŭɞɡ1,2 , ȹɐɛɖŰɟŬ ȿŬɛˊɟɞˊɞɨɚɞɡ1,2   
1ȺɟɔŬůŰɐɟɘɞ Ⱥɚɏɔɢɞɡ ɅɨˊŬɜůɖɠ ɄŮɟɘɓɎɚɚɞɜŰɞɠ, ɇɛɐɛŬ ɉɖɛŮɑŬɠ ȷɄŪ, ŪŮůůŬɚɞɜɑəɖ, 541 24  

2ȾɏɜŰɟɞ ȹɘŮˊɘůŰɖɛɞɜɘəɐɠ ȰɟŮɡɜŬɠ əŬɘ ȾŬɘɜɞŰɞɛɑŬɠ (ȾȺȹȺȾ ȷɄŪ), Ūɏɟɛɖ, 57001  

email: kakianagnostopoulou@gmail.com  

 

ȼ ŬɜɖůɡɢɑŬ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ əɞɘɜɧŰɖŰŬɠ ŬɜŬűɞɟɘəɎ ɛŮ Űɘɠ ŮɜɩůŮɘɠ ˊɞɡ ŮɛűŬɜɑɕɞɡɜ ɘŭɘŬɑŰŮɟɖ 

ŮɛɛɞɜɘəɧŰɖŰŬ əŬɘ əɘɜɖŰɘəɧŰɖŰŬ ůŰɞ ɡŭɎŰɘɜɞ ɞɘəɞůɨůŰɖɛŬ ůɡɜŮɢɩɠ ŮɜŰŮɑɜŮŰŬɘ. ȺɘŭɘəɧŰŮɟŬ, ɞɘ 

ɏɛɛɞɜŮɠ əŬɘ əɘɜɞɨɛŮɜŮɠ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ (PMOCs), ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ɡŭŬŰɞŭɘŬɚɡŰɏɠ, ŬɜɗŮəŰɘəɏɠ 

ůŰɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ əŬɘ ŭɡɜɖŰɘəɎ ŮˊɘɓɚŬɓŮɑɠ ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ, ɘŭɑɤɠ 

ɧŰŬɜ ŮɑɜŬɘ Űɞɝɘəɏɠ. ȼ Ŭˊɞɛɧɜɤůɖ əŬɘ ɖ ŬɜɎɚɡůɖ ŬɡŰɩɜ Űɤɜ ŮɜɩůŮɤɜ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɐ 

ˊɟɧəɚɖůɖ ɔɘŬ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ. ɋɠ Ůə ŰɞɨŰɞɡ, ɖ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ŬɜŬɚɡŰɘəɐ ɢɖɛŮɑŬ 

ŮůŰɘɎɕŮɘ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ůŰɖɜ ŬɜɎˊŰɡɝɖ ŮɡŬɑůɗɖŰɤɜ, ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ əŬɘ ɛŮ ŬəɟɑɓŮɘŬ 

ŬɜŬɚɡŰɘəɩɜ ɛŮɗɧŭɤɜ ůɡɜŭɡɎɕɞɜŰŬɠ Űɖɜ ŬɝɘɧˊɘůŰɖ ˊɟɞəŬŰŮɟɔŬůɑŬ ŭŮɘɔɛɎŰɤɜ ɛŮ ŬɜŬɚɡŰɘəɏɠ 

ŰŮɢɜɘəɏɠ Ŭɘɢɛɐɠ. ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ŬɜɎˊŰɡɝɖ əŬɘ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ ɛɘŬɠ ɜɏŬɠ ɞɚɞəɚɖɟɤɛɏɜɖɠ ɛŮɗɧŭɞɡ Ůəɢɨɚɘůɖɠ ůŰŮɟŮɎɠ űɎůɖ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ 

ɢɟɐůɖ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ-űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛɎɕŬɠ ɡɣɖɚɐɠ ŭɘŬəɟɘŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ (SPE-LC-

HRMS) ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ PMOCs ůŮ ɡŭŬŰɘəɎ ŭŮɑɔɛŬŰŬ. ȷɟɢɘəɎ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɑŬ ɚɑůŰŬ ɛŮ Űɞ 

ůɨɜɞɚɞ Űɤɜ (ˊɘɗŬɜɩɜ) PMOCs Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ɢɖɛɘəɏɠ əŬŰɖɔɞɟɑŮɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɔɘŬ Űɖɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬɜɎɚɡůɖ ɛŮɔɎɚɞɡ Ŭɟɘɗɛɞɨ ŬɜŬɚɡŰɩɜ ɛŮ ˊɞɘəɑɚŮɠ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ Űɖɜ 

ŮˊɑŰŮɡɝɖ ɓɏɚŰɘůŰɖɠ ŬɜŬɚɡŰɘəɐɠ Ŭˊɧŭɞůɖɠ, ŬɝɘɞɚɞɔɐɗɖəŬɜ ŭɘŮɝɞŭɘəɎ ɓŬůɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ 

ˊɟɞəŬŰŮɟɔŬůɑŬɠ, ɢɟɤɛŬŰɞɔɟŬűɑŬɠ əŬɘ űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛɎɕŬɠ HRMS, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ 

Űɨˊɞɡ Űɖɠ ɛɘəɟɞůŰɐɚɖɠ SPE, Űɖɠ əɘɜɖŰɐɠ űɎůɖɠ, Űɖɠ ɢɟɤɛŬŰɞɔɟŬűɘəɐɠ ůŰɐɚɖɠ, Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

ŰɟɘɢɞŮɘŭɞɨɠ, Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ŬŮɟɑɞɡ ŬˊɞŭɘŬɚɨŰɤůɖɠ əŬɘ Űɖɠ ɗɏůɖɠ Űɖɠ ˊɖɔɐɠ. ũɘŬ Űɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŬɜɎɚɡůɖɠ HRMS ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬɠ əŮɜŰɟɘəɧɠ ůɨɜɗŮŰɞɠ ůɢŮŭɘŬůɛɧɠ 

(Central Composite Design, CCD) əŬɘ ɖ ˊɟɞůɏɔɔɘůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ ŮˊɘɗɡɛɖŰɧŰɖŰŬɠ (DF), Ůɜɩ ɖ 

əŬŰŬɚɚɖɚɧŰŮɟɖ ɛɘəɟɞůŰɐɚɖ SPE, ɖ ůŰɐɚɖ əŬɘ ɖ ůɨɜɗŮůɖ Űɖɠ əɘɜɖŰɐɠ űɎůɖɠ ŮˊɘɚɏɢɗɖəŬɜ 

ˊɟɞůŮəŰɘəɎ ɛɏůɤ ˊŮɘɟŬɛŬŰɘəɩɜ ŭɞəɘɛɩɜ. Ƀɘ ŬɜŬəŰɐůŮɘɠ ɔɘŬ Űɖɜ əŬŰŬɚɚɖɚɧŰŮɟɖ ɛɏɗɞŭɞ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Űɘɛɏɠ ŮɜŰɧɠ  Űɤɜ ŬˊɞŭŮəŰɩɜ ɞɟɑɤɜ (70-120%). ȼ ɔɟŬɛɛɘəɧŰɖŰŬ ɐŰŬɜ ŮɝŬɘɟŮŰɘəɐ ůŮ 

ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ (r2>0,997). ȼ Ůˊɘəɨɟɤůɖ Űɖɠ ɛŮɗɧŭɞɡ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ˊɞɡ  ɓŬůɑůŰɖəŮ ůŰɖɜ 

ɘůɢɨɞɡůŬ ŮɡɟɤˊŬɥəɐ ɜɞɛɞɗŮůɑŬ, ɧˊɤɠ ɞɟɑɕŮŰŬɘ ůŰɘɠ ɞŭɖɔɑŮɠ 2002/657/ȺȾ əŬɘ SANTE 

11813/2017.   

 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ȰɛɛɞɜŮɠ əŬɘ ȾɘɜɞɨɛŮɜŮɠ ɃɟɔŬɜɘəɏɠ ȺɜɩůŮɘɠ, HRMS, ȷɜɎˊŰɡɝɖ ɀŮɗɧŭɞɡ, HILIC, 

əŮɜŰɟɘəɧɠ ůɨɜɗŮŰɞɠ ůɢŮŭɘŬůɛɧɠ  

ɄɅɃɆȹȽɃɅȽɆɀɃɆ ȺɀɀɃɁɋɁ ȾȷȽ ȾȽɁɃɈɀȺɁɋɁ ɃɅũȷɁȽȾɋɁ ȺɁɋɆȺɋɁ 

(PMOCs) ɆȺ ɈȹȷɇȽȾȷ ȹȺȽũɀȷɇȷ ɀȺ ɇȼ ɉɅȼɆȼ  

ūȷɆɀȷɇɃɀȺɇɅȽȷɆ ɀȷȻȷɆ ɈɊȼȿȼɆ ȹȽȷȾɅȽɇȽȾȼɆ ȽȾȷɁɃɇȼɇȷɆ: 

ȷɁȷɄɇɈɂȼ ȾȷȽ ȸȺȿɇȽɆɇɃɄɃȽHɆȼ ɀȺŪɃȹɃɈ 
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Ɂ. ũŬɚɎɜɖɠ1, Ƚ. Ⱦɡɕɘɟɧˊɞɡɚɞɠ1, ũ. ɆŮɘɟŬɔɎəɖɠ1, ũ. ɀɖɚɘɎŭɖɠ1, Ƚ. ɆɘŰŬɟɎɠ2 əŬɘ ɉ. ɄɟɞŮůŰɧɠ3 
1TUV Austria Labs, ɀŮůɞɔŮɑɤɜ 429, ȷɔɑŬ ɄŬɟŬůəŮɡɐ, 15343 
2Ⱥɗɜɘəɧ ɆɨůŰɖɛŬ ȹɘŬˊɑůŰŮɡůɖɠ, Ūɖůɏɤɠ 7, ȾŬɚɚɘɗɏŬ, 176 76 

3ɇɛɐɛŬ ɉɖɛŮɑŬɠ, Ⱥɗɜɘəɧ əŬɘ ȾŬˊɞŭɘůŰɟɘŬəɧ ɄŬɜŮˊɘůŰɐɛɘɞ ȷɗɖɜɩɜ 

email: nikolaos.galanis@tuvaustria.com 

 

Ƀɘ ůŰŮɟɧɚŮɠ ŬˊɞŰŮɚɞɨɜ űɡůɘəɏɠ ŮɜɩůŮɘɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰŬ űɡŰɘəɎ ɏɚŬɘŬ, ɧˊɤɠ Űɞ ŮɚŬɘɧɚŬŭɞ, 

əŬɘ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ əɟɑůɘɛɞɘ ŭŮɑəŰŮɠ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɔɜɖůɘɧŰɖŰŬɠ əŬɘ Űɖɠ ˊɞɘɧŰɖŰɎɠ Űɞɡɠ. 

ȼ ɜɞɗŮɑŬ Űɞɡ ŮɚŬɘɞɚɎŭɞɡ, ůɡɢɜɎ ɛŮ ŬɜɎɛŮɘɝɖ űɗɖɜɧŰŮɟɤɜ ŮɚŬɑɤɜ ɧˊɤɠ ůˊɞɟɏɚŬɘŬ ɐ 

ŮɝŮɡɔŮɜɘůɛɏɜŬ ɏɚŬɘŬ, ŬˊɞŰŮɚŮɑ ůɡɢɜɧ űŬɘɜɧɛŮɜɞ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ɡɔŮɑŬ Űɤɜ əŬŰŬɜŬɚɤŰɩɜ əŬɘ 

Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ. ɇɞ ˊŬɟɗɏɜɞ ŮɚŬɘɧɚŬŭɞ ˊŬɟɞɡůɘɎɕŮɘ ɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ çˊɟɞűɑɚ 

ůŰŮɟɞɚɩɜè, ɛŮ əɡɟɑŬɟɢɖ Űɖ ɓ-ůɘŰɞůŰŮɟɧɚɖ (>90%) əŬɘ ɛɘəɟɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ əŬɛˊŮůŰŮɟɧɚɖɠ 

əŬɘ ůŰɘɔɛŬůŰŮɟɧɚɖɠ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ɜɞɗŮɑŬɠ ɖ ůɨůŰŬůɖ Űɤɜ ůŰŮɟɞɚɩɜ ˊŬɟɞɡůɘɎɕŮɘ ůɖɛŬɜŰɘəɏɠ 

ŬˊɞəɚɑůŮɘɠ, ɧˊɤɠ ŬɡɝɖɛɏɜŬ ŮˊɑˊŮŭŬ əŬɛˊŮůŰŮɟɧɚɖɠ ɐ Űɖɜ ˊŬɟɞɡůɑŬ ůŰɘɔɛŬůŰŬŭɘŮɜɧɚɖɠ, ŮɜŭŮɑɝŮɘɠ 

ŮɝŮɡɔŮɜɘůɛɞɨ ŮɚŬɑɤɜ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŬɜŬˊŰɨɢɗɖəŮ ɛɘŬ Ŭˊɚɐ əŬɘ ŰŬɢŮɑŬ ɛɏɗɞŭɞɠ ɡɔɟɐɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ŬɜŰɑůŰɟɞűɖɠ űɎůɖɠ ɛŮ ŬɜɘɢɜŮɡŰɐ Ŭˊɞɟɟɧűɖůɖɠ ɡˊŮɟɘɩŭɞɡɠ, 

ɔɘŬ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ ŬɜɎɚɡůɖ ůŰŮɟɞɚɩɜ əŬɘ ůəɞɡŬɚŮɜɑɞɡ ůŮ ɏɚŬɘŬ. ȼ ɛɏɗɞŭɞɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ 

ˊɟɞůɗɐəɖ 50 mL ɛŮɗŬɜɧɚɖɠ ůŮ 0,5 g ŮɚŬɘɞɚɎŭɞɡ, ŬɜɎɛŮɘɝɖ ůŮ ɚɞɡŰɟɧ ɡˊŮɟɐɢɤɜ Ůˊɑ 30min, 

ŭɘɐɗɖůɖ Ŭˊɧ PTFE 0,22 ɛm əŬɘ ɏɔɢɡůɖ ůŮ HPLC Agilent 1200. Ⱥˊɘˊɚɏɞɜ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ˊɟɞůŭɘɞɟɘůɛɧɠ Ůɟɡɗɟɞŭɘɧɚɖɠ ůŰɞ ŮɚŬɘɧɚŬŭɞ ɛŮ ɢɟɐůɖ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ůɡɕŮɡɔɛɏɜɖɠ ɛŮ 

űŬůɛŬŰɞɛŮŰɟɑŬ ɛɎɕŬɠ Űɟɘˊɚɞɨ ŰŮŰɟŬˊɧɚɞɡ (LC-MS/MS), ˊɟɞůűɏɟɞɜŰŬɠ ɡɣɖɚɐ ŮɡŬɘůɗɖůɑŬ əŬɘ 

ŬəɟɑɓŮɘŬ. ȷˊɧ ŰŬ ɢɟɤɛŬŰɞɔɟŬűɐɛŬŰŬ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŮɚŬɘɞɚɎŭɞɡ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ŮˊɘɓŮɓŬɘɩɗɖəŮ 

ɖ ˊŬɟɞɡůɑŬ əŬɘ ˊɟɞůŭɘɞɟɑůŰɖəŮ ɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ůŰŮɟɞɚɩɜ ůɘŰɞůŰŮɟɧɚɖɠ əŬɘ ůŰɘɔɛŬůŰŮɟɧɚɖɠ, 

Űɞɡ ůəɞɡŬɚŮɜɑɞɡ əŬɘ Űɖɠ Ůɟɡɗɟɞŭɘɧɚɖɠ, ɛŮ ɢɟɐůɖ ŮɝɤŰŮɟɘəɩɜ ˊɟɞŰɨˊɤɜ. ȼ ůɡɜŭɡŬůɛɏɜɖ ɢɟɐůɖ 

Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ (HPLC-UV əŬɘ LC-MS/MS) ˊŬɟɏɢŮɘ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ əŬɘ ŬɝɘɧˊɘůŰɖ 

ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ ɓɘɞŭɟŬůŰɘəɩɜ ŮɜɩůŮɤɜ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɖɠ ɜɞɗŮɑŬɠ ůŮ ŮɚŬɘɧɚŬŭŬ, 

ŭɘŬůűŬɚɑɕɞɜŰŬɠ Űɖɜ ˊɞɘɧŰɖŰŬ əŬɘ Űɖ ɔɜɖůɘɧŰɖŰɎ Űɞɡɠ. 

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɁɞɗŮɑŬ, ȺɚŬɘɧɚŬŭɞ, ɆŰŮɟɧɚŮɠ, HPLC-UV, LC-MS/MS 
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Pyrimethanil (PYR) is a phenylamino ï pyrimidine fungicide that is widely used for 

monoculture cultivation and is commonly applied to control gray mold and Fusarium wilt and to 

inhibit the development of the germ tubes and hyphae of Botrytis cinerea [1]. PYR has been 

extensively detected in fruits, vegetables, aquatic environments, and species, owing to its low water 

solubility and relative resistance to hydrolysis and photolysis [2]. In this study, we examined the 

abiotic phototransformation of PYR, identified its photoproducts (PPs), and evaluated their toxicity 

after simulated solar irradiation. Different potential phototransformation routes were observed. The 

tentatively identified PPs were structurally elucidated using LC/LTQ-Orbitrap high-resolution mass 

spectrometry, focusing on the m/z values, and MS2 fragmentation patterns, indicating C ï N bond 

cleavage, heterocyclic ring opening and hydroxylation. In vitro toxicity evaluation indicated low to 

moderate toxicity; nonetheless, some PPs demonstrated harmful or highly toxic effects on aquatic 

life, as per in silico assessments. This extensive research clarifies the environmental behavior and 

possible ecological effects of PYR and its PPs in aquatic habitats.  
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ȷɘə. ɉɟɨůɞɡ, ȿŬɛˊɟɘɜɐ ūŬůɘɎ, ȺɡɔŮɜɑŬ ȿŬɛˊɐ 

ũŮɜɘəɧ ɉɖɛŮɑɞ Űɞɡ ȾɟɎŰɞɡɠ, ȸȭ ɉɖɛɘəɐ ɈˊɖɟŮůɑŬ ȷɗɖɜɩɜ 
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H ɛɏɗɞŭɞɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ůŰŬ ɢŬɟŰɘɎ ɧˊɤɠ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ 

Űɞ ISO 1924 ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɘɞ ůɡɢɜɎ ůŰɞ ŮɟɔŬůŰɐɟɘɞ, əŬɘ ůŮ ŬɡŰɧ Űɞ ŰɛɐɛŬ Űɞɡ 

ISO (ISO 1924-2) ɞ ůŰŬɗŮɟɧɠ ɟɡɗɛɧɠ Ůˊɘɛɐəɡɜůɖɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ŮɑɜŬɘ 20mm/min. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŭɞəɘɛɐɠ ŮűŮɚəɡůɛɞɨ ůŮ ɢŬɟŰɑ əŬɘ ůŮ ɢŬɟŰɧɜɘ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞɜ ɟɡɗɛɧ 

Ůˊɘɛɐəɡɜůɖɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ. ɇɞ Ůɨɟɞɠ Űɤɜ Űɘɛɩɜ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ ˊɞɡ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ 

ůŰɞ ŮɟɔŬůŰɐɟɘɞ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 0,50kN/m ɏɤɠ 12,5kN/m. ȼ ŬəɟɑɓŮɘŬ Űɖɠ ŭɞəɘɛɐɠ ŬɜŰɞɢɐ ůŮ 

ŮűŮɚəɡůɛɧ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɞɡ ɢŬɟŰɘɞɨ ɐ Űɞɡ ɢŬɟŰɞɜɘɞɨ ˊɞɡ ŭɞəɘɛɎɕŮŰŬɘ, 

əŬɗɩɠ əŬɘ Ŭˊɧ Űɞɜ Ůɝɞˊɚɘůɛɧ ŭɞəɘɛɐɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ n 

ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɤɜ ɛŮŰɟɐůŮɤɜ ůŰɞ ɑŭɘɞ ŮɟɔŬůŰɐɟɘɞ, Ŭˊɧ Űɞɜ ɑŭɘɞ ŬɜŬɚɡŰɐ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɤɠ 

Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ SD. 

ȼ ůɡɜŭɡŬůɛɏɜɖ Űɡˊɘəɐ ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ ɛŮɗɧŭɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ 

ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ:  

 
ɧˊɞɡ SD ŮɑɜŬɘ ɖ Űɡˊɘəɐ Ŭˊɧəɚɘůɖ ɡˊɧ ůɡɜɗɐəŮɠ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬɠ Űɖɠ ɛŮɗɧŭɞɡ əŬɘ ɚŬɛɓɎɜŮŰŬɘ 

Ŭˊɧ Űɖɜ ůŰŬŰɘůŰɘəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ n ɛŮŰɟɐůŮɤɜ, ůŰɞ ɑŭɘɞ ŭŮɑɔɛŬ ɢŬɟŰɘɞɨ, 

əŬɘ ůŰɞ ɑŭɘɞ ŮɟɔŬůŰɐɟɘɞ. ɆŰɖɜ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ɖ UɞɟɔɎɜɞɡ ŮɑɜŬɘ ɖ Űɡˊɘəɐ ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ ɛɏŰɟɖůɖɠ 

ɛŮ Űɞ ɛɖɢɎɜɖɛŬ ŬɜŰɞɢɐɠ ůŮ ŮűŮɚəɡůɛɧ, əŬɘ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɞ ˊɘůŰɞˊɞɘɖŰɘəɧ ɓŬɗɛɞɜɧɛɖůɖɠ Űɞɡ 

ɞɟɔɎɜɞɡ.  

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ŭɘŮɡɟɡɛɏɜɖɠ ŬɓŮɓŬɘɧŰɖŰŬɠ Uexpanded = 2,26U ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ůɡɜŰŮɚŮůŰɐ 

əɎɚɡɣɖɠ k=t:2,26 ɔɘŬ ŮˊɑˊŮŭɞ ŮɛˊɘůŰɞůɨɜɖɠ 95%, əŬɘ 9 ɓŬɗɛɞɨɠ ŮɚŮɡɗŮɟɑŬɠ.  

  

ȿɏɝŮɘɠ-ȾɚŮɘŭɘɎ: ɢŬɟŰɘɎ, ŮűŮɚəɡůɛɧɠ, ɟɡɗɛɧɠ Ůˊɘɛɐəɡɜůɖɠ 20mm/min, ůɡɜŭɡŬůɛɏɜɖ Űɡˊɘəɐ 

ŬɓŮɓŬɘɧŰɖŰŬ, ŬɓŮɓŬɘɧŰɖŰŬ Űɖɠ ɛɏŰɟɖůɖɠ ɛŮ Űɖɜ ɛɖɢŬɜɐ ŮűŮɚəɡůɛɞɨ  

 

ɈɄɃȿɃũȽɆɀɃɆ ɇȼɆ ȷȸȺȸȷȽɃɇȼɇȷɆ ɇȼɆ ɀȺŪɃȹɃɈ ɄɅɃɆȹȽɃɅȽɆɀɃɈ 

ȷɁɇɃɉȼɆ ɆɇɃɁ ȺūȺȿȾɈɆɀɃ ɉȷɅɇȽɋɁ 
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Quantitative chemical analysis of indoor and outdoor airborne particulate matter (PM) is vital 

for understanding health effects and for enforcing the EU strict air quality legislation. 

Measurements, usually focused on particulates with aerodynamic diameters less than 10ɛm and 

2.5ɛm (PM10 and PM2.5, respectively), have a high level of uncertainty and insufficient 

traceability. 

EURAMET EMPIR AEROMET project targeted in particular at the investigation of traceable 

validated methods for chemical composition of PM on filters, including heavy metals. Concerning 

method validation, appropriate Certified Reference Materials (CRMs) are required with similar 

matrix and composition to the investigated real samples. Nowadays, there is a scarcity of CRMs of 

PM on filter substrates although the type of sampling filter is critical for the digestion and 

extraction procedures prior to chemical analysis. 

In this study, a candidate reference material was prepared by loading incineration ash on 

appropriate filters. Powder from a waste incineration plant was used, due to its similar 

characteristics to airborne PM, regarding particle size and composition. Additionally, the 

concentration of metals was comparable to the target values in the air quality EU Directives 

eliminating the need of spiking. The experimental set-up for sampling the incineration ash on to 

quartz filters was based on the controlled deposition of the aerosol powder generated with an 

aerosol disperser. A PM10/PM2.5 separator using different flow rates for PM10 and PM2.5, 

respectively enabled the deposition of controlled mass of the powder on a quartz filter holder. The 

detailed set-up is presented elsewhere [A. Biscond et al]. 

An intercomparison test was conducted, among three separate laboratories of the project 

consortium, including NTUA, for the determination of eight trace elements (Co, Cr, Mn, Cu, Ni, 

As, Cd and Pb) of the prepared candidate reference material.  Two different digestion methods 

according to EN 14902:2005 and US EPA 3052, were implemented and compared. Metals 

determination was performed using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) by 

different instruments and standardization methods.  

Data evaluation revealed an overall relative standard deviation below 15% for all elements, 

proving an ample, for reference material, homogeneity and reproducibility of the deposited aerosol.  

 

Reference 

A.Biscond et al, Atmosphere 2021,12,67 

 

Keywords: particulate matter (PM10, PM2.5), heavy metal analysis,incineration ash,  

ICP-MS intercomparison, reference material 

INTERCOMPARISON RESULTS FOR METAL CONCENTRATIONS  

IN A CANDIDATE REFERENCE MATERIAL OF AIRBORNE PARTICULATE 

FILTERS LOADED WITH INCINERATION ASH  
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The increasing awareness of pesticide residues in food highlights the critical need for advanced 

analytical methods and risk assessment strategies. This study employed a robust approach 

combining targeted analysis, suspect screening, and dietary risk assessment, using high-resolution 

mass spectrometry (HRMS) for fruits and vegetables commonly consumed in Greece. The 

application of the validated QuEChERS extraction method, coupled with LC-LTQ/Orbitrap MS, 

enabled the detection of over 30 target pesticides and identification of 75 additional compounds 

through suspect screening workflows. A key feature of this methodology was the integration of 

measurement uncertainty (MU) as a central quantitative indicator. By incorporating MU, the study 

significantly enhanced the reliability and reproducibility of residue quantification, ensuring 

compliance with stringent EU regulatory standards and addressing critical aspects of laboratory 

accreditation under ISO/IEC 17025. MU allowed for precise evaluation of analytical results, 

mitigating potential discrepancies caused by variability in sample matrices. Dietary risk 

assessments revealed that acute and chronic hazard quotients (aHQ, cHQ) and the cumulative 

hazard index (HI) remained below critical thresholds, confirming food safety. Furthermore, the 

suspect screening process has demonstrated its effectiveness in identifying transformation products 

(TPs), which are often overlooked in traditional analyses. This study underscores the importance of 

integrating MU into analytical workflows, not only to guarantee accurate quantification but also to 

enhance trust in the overall food safety assessment process. By leveraging HRMS and emphasizing 

MU, the methodology provides comprehensive insights into pesticide contamination while 

supporting scalable, cost-effective monitoring strategies for regulatory and public health 

applications.  

  

Keywords: suspect screening, dietary risk assessment, measurement uncertainty,  

LC-LTQ/Orbitrap MS, food safety  

COMPREHENSIVE SCREENING AND RISK ASSESSMENT OF PESTICIDES IN 

FOOD MATRICES USING HIGH -RESOLUTION MASS SPECTROMETRY  
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