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ɄŮɟɑɚɖɣɖ  

Ƀɘ ɡˊŮɟűɗɞɟɞŬɚəɡɚɘɤɛɏɜŮɠ əŬɘ ˊɞɚɡűɗɞɟɞŬɚəɡɚɘɤɛɏɜŮɠ ɞɡůɑŮɠ, ɔɜɤůŰɏɠ əŬɘ ɤɠ PFAS ŮɑɜŬɘ ɛɘŬ 

ɞɛɎŭŬ ŬɜŬŭɡɧɛŮɜɤɜ ɞɟɔŬɜɘəɩɜ ɟɨˊɤɜ. Ⱥɜɩ ŭŮɜ ɡˊɎɟɢŮɘ ɏɜŬɠ əŬɗɞɚɘəɎ ŬˊɞŭŮəŰɧɠ ɞɟɘůɛɧɠ, 

əŬɗɩɠ ɖ ɏɟŮɡɜŬ ɔɘŬ Űɘɠ ŮɜɩůŮɘɠ ŬɡŰɏɠ ŮɝŮɚɑůůŮŰŬɘ ůɡɜŮɢɩɠ, əŬŰɎ ɔŮɜɘəɐ ɞɛɞɚɞɔɑŬ ɤɠ PFAS 

ɗŮɤɟɞɨɜŰŬɘ ɞɘ ŮɜɩůŮɘɠ ɧˊɞɡ ŰŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ Űɖɠ ɏɜɤůɖɠ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ ɎŰɞɛŬ űɗɞɟɑɞɡ 

ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɐ ɧɚŮɠ Űɘɠ ŭɘŬɗɏůɘɛŮɠ ɗɏůŮɘɠ. ɇŬ PFAS ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞ ŭŮůɛɧ ŬŰɧɛɤɜ 

ɎɜɗɟŬəŬ ɛŮ ɎŰɞɛŬ űɗɞɟɑɞɡ, ɧˊɞɡ ɖ űɗɞɟɑɤůɖ ŭɑɜŮɘ ůŰŬ ɛɧɟɘŬ ŬɡŰɎ Űɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɘŭɘɧŰɖŰɏɠ 

Űɞɡɠ. ɇŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ ɛŮɟɘəɩɠ űɗɞɟɘɤɛɏɜŬ (ˊɞɚɡűɗɞɟɘɤɛɏɜŬ) ŮɑŰŮ ˊɚɐɟɤɠ 

űɗɞɟɘɤɛɏɜŬ (ɡˊŮɟűɗɞɟɘɤɛɏɜŬ). ɇɟɞˊɞˊɞɘɐůŮɘɠ, ɧˊɤɠ ɖ ˊɟɞůɗɐəɖ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ əŬɘ 

ɎɚɚŮɠ ɡˊɞəŬŰŬůŰɎůŮɘɠ (ɧˊɤɠ ɞɝɡɔɧɜɞ, ɢɚɩɟɘɞ, ɗŮɑɞ) ŭɘŬűɞɟɞˊɞɘɞɨɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ. ȼ 

ŬɜɗŮəŰɘəɧŰɖŰŬ əŬɘ ɖ əɘɜɖŰɘəɧŰɖŰŬ ɞɟɘůɛɏɜɤɜ PFAS, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŮəŰŮŰŬɛɏɜɖ ɢɟɐůɖ Űɞɡɠ 

ůŰɖ ɓɘɞɛɖɢŬɜɑŬ, ůŰɞɡɠ Ŭűɟɞɨɠ ˊɡɟɧůɓŮůɖɠ əŬɘ ůŮ ˊɚɖɗɩɟŬ əŬŰŬɜŬɚɤŰɘəɩɜ ˊɟɞɥɧɜŰɤɜ, ɏɢɞɡɜ 

ɞŭɖɔɐůŮɘ ůŰɖɜ ŮɡɟŮɑŬ ˊŬɟɞɡůɑŬ Űɞɡɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ˊŬɔəɞůɛɑɤɠ.  ȼ ɘůŰɞɟɑŬ Űɞɡɠ ɝŮəɘɜɎ ɛŮ Űɖɜ 

ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ˊɞɚɡŰŮŰɟŬűɗɞɟɞŬɘɗɡɚŮɜɑɤɜ (PTFE), ɔɜɤůŰɧŰŮɟŬ ɛŮ Űɖɜ Ůɛˊɞɟɘəɐ ɞɜɞɛŬůɑŬ 

Teflon, Ůɜɩ ŬəɞɚɞɨɗɖůŮ ɖ ŮɡɟŮɑŬ ˊŬɟŬɔɤɔɐ əŬɘ ɢɟɐůɖ Ɏɚɚɤɜ ŮɜɩůŮɤɜ ɧˊɤɠ ŰŬ PFOS əŬɘ PFOA. 

ɇɖ ŭŮəŬŮŰɑŬ Űɞɡ 1990, ŬɜɘɢɜŮɨŰɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŰɞ ˊɚɎůɛŬ Űɞɡ ɔŮɜɘəɞɨ ˊɚɖɗɡůɛɞɨ, 

ɡˊɞŭɖɚɩɜɞɜŰŬɠ Űɖɜ ŮɡɟŮɑŬ ɏəɗŮůɖ Űɞɡ Ŭɜɗɟɩˊɞɡ ůŮ ŬɡŰɏɠ Űɘɠ ɞɡůɑŮɠ. ɀŮŰɎ Ŭˊɧ ŮɜŭŮɚŮɢɐ ɛŮɚɏŰɖ 

Űɤɜ PFOS əŬɘ PFOA, Űɞ 2009 ɞɘ ɞɡůɑŮɠ ŬɡŰɏɠ ůɡɛˊŮɟɘɚɐűɗɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŰɞɜ ɄɑɜŬəŬ ȸ 

Űɖɠ ɚɑůŰŬɠ Űɤɜ ȺɛɛɏɜɞɜŰɤɜ ɃɟɔŬɜɘəɩɜ Ʌɨˊɤɜ (POPs) ůŰɖ Ɇɡɜɗɐəɖ Űɖɠ ɆŰɞəɢɧɚɛɖɠ, Ůɜɩ ɛɧɚɘɠ 

Űɞ 2019, ɖ U.S. EPA ŬɜŬəɞɑɜɤůŮ Űɞ ˊɟɩŰɞ ůɢɏŭɘɞ ŭɟɎůɖɠ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɐ Űɞɡɠ. ɇŬ PFAS 

ůɡɜŮɢɑɕɞɡɜ ɜŬ ˊŬɟɎɔɞɜŰŬɘ ůŮ ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ ˊŬɔəɞůɛɑɤɠ, ɛŮ ŬɡɝɖŰɘəɐ ŰɎůɖ ůŮ ɢɩɟŮɠ ɧˊɤɠ 

ɖ ȾɑɜŬ, ɖ ɅɤůɑŬ əŬɘ ɖ ȽɜŭɑŬ. Ƀɘ ˊŬɟŬɔɤɔɞɑ PFAS ɏɢɞɡɜ ŬɜŬˊŰɨɝŮɘ ŰŮɢɜɞɚɞɔɑŮɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ 

ŮɜɩůŮɤɜ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ ŬɚɡůɑŭŬɠ ɎɜɗɟŬəŬ ɛŮ ɜɏŮɠ ŮɜɩůŮɘɠ ɛɘəɟɧŰŮɟɞɡ ɛŮɔɏɗɞɡɠ ɧˊɤɠ Űɞ GenX 

əŬɘ ŰŬ PFBS. ɇŬ PFAS ŭɨɜŬŰŬɘ ɜŬ ŭɘŬɢɤɟɘůŰɞɨɜ ůŮ ŭɨɞ əɨɟɘŮɠ əŬŰɖɔɞɟɑŮɠ,  ŰŬ ˊɞɚɡɛŮɟɐ əŬɘ ŰŬ 

ɛɖ ˊɞɚɡɛŮɟɐ. 

Ⱥˊɑůɖɠ ɛˊɞɟɞɨɜ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗɞɨɜ ɛŮ ɓɎůɖ Űɤɜ Ŭɟɘɗɛɧ ŬŰɧɛɤɜ ɎɜɗɟŬəŬ ˊɞɡ ŭɘŬɗɏŰɞɡɜ ůŰɞ 

ɛɧɟɘɧ Űɞɡɠ ůŮ ŮɜɩůŮɘɠ ɛŬəɟɎɠ əŬɘ ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ (Long/Short- chain PFAS). ɇŬ PFAS 

ˊŬɟɎɔɞɜŰŬɘ ůɡɜɐɗɤɠ ɛŮ ŭɨɞ ŭɘŬŭɘəŬůɑŮɠ: Űɖɜ ɖɚŮəŰɟɞɢɖɛɘəɐ űɗɞɟɑɤůɖ (ECF) əŬɘ Űɞɜ 

űɗɞɟɞŰŮɚɞɛŮɟɘůɛɧ. ȳůɞɜ  ŬűɞɟɎ Űɘɠ ɢɟɐůŮɘɠ Űɞɡɠ, ŰŬ PFAS ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ůŮ ŭɘɎűɞɟɞɡɠ 

ŰɞɛŮɑɠ ɧˊɤɠ ůŰɖɜ ŬŮɟɞɜŬɡˊɖɔɘəɐ, ůŰɖɜ ŬɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ, ůŰɖɜ ˊŮŰɟŮɚŬɘɞɓɘɞɛɖɢŬɜɑŬ, ůŰɖ  

ɓɘɞɛɖɢŬɜɑŬ əŬŰŬůəŮɡɐɠ ɖɛɘŬɔɤɔɩɜ, ůŰɖ űŬɟɛŬəɞɓɘɞɛɖɢŬɜɑŬ ə.Ŭ. ɄŬɟɎɚɚɖɚŬ ůɡɜŬɜŰɩɜŰŬɘ ůŮ 

əŬɗŬɟɘůŰɘəɎ ˊɟɞɥɧɜŰŬ, ɢɟɩɛŬŰŬ, ŮˊɘůŰɟɩůŮɘɠ, ɓŮɟɜɑəɘŬ, ɞɘəɞŭɞɛɘəɎ ɡɚɘəɎ, ɚɘˊŬɜŰɘəɎ, 

ŮɜŰɞɛɞəŰɧɜŬ, əŬɚɚɡɜŰɘəɎ əŬɘ ˊɟɞɥɧɜŰŬ ˊɟɞůɤˊɘəɐɠ űɟɞɜŰɑŭŬɠ, ɡűɎůɛŬŰŬ, ŭɏɟɛŬŰŬ ŰŬˊŮŰůŬɟɑŮɠ, 

ɢŬɚɘɎ, ɘŬŰɟɘəɎ ˊɟɞɥɧɜŰŬ, ŮˊɘůŰɟɩůŮɘɠ ɛŬɔŮɘɟɘəɩɜ ůəŮɡɩɜ, ůɡůəŮɡŬůɑŮɠ Űɟɞűɑɛɤɜ əŬɘ ůŮ ˊɞɚɚɎ 

Ŭəɧɛɖ ˊɟɞɥɧɜŰŬ. Ⱥˊɞɛɏɜɤɠ, ɖ ɢɟɧɜɘŬ əŬɘ ŮəŰŮŰŬɛɏɜɖ ɢɟɐůɖ Űɤɜ PFAS ɏɢŮɘ ůɡɛɓɎɚŮɘ ůɖɛŬɜŰɘəɎ 

ůŰɖɜ ˊŬɟɞɡůɑŬ Űɞɡɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. ɆɖɛŬɜŰɘəɏɠ ˊɖɔɏɠ ɏəɚɡůɖɠ PFAS ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ŬˊɞŰŮɚɞɨɜ 

ɞɘ ɓɘɞɛɖɢŬɜɑŮɠ ˊɞɡ ˊŬɟɎɔɞɡɜ, ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ɐ ɢɟɖůɘɛɞˊɞɘɞɨɜ PFAS ɔɘŬ Űɖ ůɨɜɗŮůɖ Ɏɚɚɤɜ 

ˊɟɞɥɧɜŰɤɜ, ɞɘ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ŭɘŬɢŮɑɟɘůɖɠ ůŰŮɟŮɩɜ əŬɘ ɡɔɟɩɜ ŬˊɞɓɚɐŰɤɜ, ɧˊɤɠ 

Ůˊɑůɖɠ əŬɘ ɖ ɢɟɐůɖ Ŭűɟɩɜ ˊɡɟɧůɓŮůɖɠ əŬŰɖɔɞɟɑŬɠ ȸ. 

ȷɟəŮŰɏɠ ŬɜɖůɡɢɑŮɠ ɏɢɞɡɜ ŮəűɟŬůŰŮɑ ůɢŮŰɘəɎ ɛŮ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ əŬɘ Űɞɡɠ ɞɘəɞɚɞɔɘəɞɨɠ 

əɘɜŭɨɜɞɡɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɞɟɘůɛɏɜŬ PFAS. ȷɡŰɏɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ŮəŰŮŰŬɛɏɜɖ ŬɜɑɢɜŮɡůɖ 

ɞɟɘůɛɏɜɤɜ PFAS ůŰɞɡɠ Ŭɜɗɟɩˊɞɡɠ əŬɘ ůŰŬ ɕɩŬ. Ƀɘ əɡɟɘɧŰŮɟɞɘ Űɟɧˊɞɘ ɏəɗŮůɖɠ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ 

ɛɏůɤ Űɖɠ ŭɘŬŰɟɞűɐɠ əŬɘ Űɖɠ əŬŰŬɜɎɚɤůɖɠ ˊɧůɘɛɞɡ ɜŮɟɞɨ, ɛɏůɤ Űɞɡ ŬɏɟŬ əŬɘ Űɖɠ ůəɧɜɖɠ, ɛɏůɤ 

Űɖɠ  ɢɟɐůɖɠ əŬŰŬɜŬɚɤŰɘəɩɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ ŮɛˊŮɟɘɏɢɞɡɜ PFAS ŬɚɚɎ əŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ŮˊŬɔɔŮɚɛŬŰɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ. ȼ ŰɎůɖ Űɤɜ PFAS ɜŬ ɓɘɞůɡůůɤɟŮɨɞɜŰŬɘ ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ 
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ɞɟɔŬɜɘůɛɧ, ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ůɞɓŬɟɎ ˊɟɞɓɚɐɛŬŰŬ ɡɔŮɑŬɠ. ȺɜɩůŮɘɠ ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ ɧˊɤɠ 

Űɞ PFOA əŬɘ Űɞ PFOS ɏɢɞɡɜ ůɡůɢŮŰɘůŰŮɑ ɛŮ Ŭɨɝɖůɖ əŬɟŭɘŬɔɔŮɘŬəɩɜ ˊŬɗɐůŮɤɜ, ɡˊɏɟŰŬůɖ əŬɘ 

ŬɜɞůɞŰɞɝɘəɧŰɖŰŬ. Ⱥˊɘˊɚɏɞɜ, ɎɚɚŮɠ ŮɜɩůŮɘɠ PFAS ɧˊɤɠ ŰŬ PFNA, PFDA ɏɢɞɡɜ ůɡůɢŮŰɘůŰŮɑ ɛŮ 

ˊɟɧəɚɖůɖ əŬɟəɑɜɞɡ, ɡˊɞɔɞɜɘɛɧŰɖŰŬ, ɛŮ Ůɜŭɞəɟɘɜɘəɏɠ əŬɘ ɜŮűɟɘəɏɠ ŭɘŬŰŬɟŬɢɏɠ əŬɘ ŮˊɘˊŰɩůŮɘɠ 

ůŰɖɜ Ůɛɓɟɡɥəɐ ŬɜɎˊŰɡɝɖ ŬɚɚɎ əŬɘ ůŰɖ ɓɟŮűɘəɐ əŬɘ ˊɟɩɘɛɖ ˊŬɘŭɘəɐ ɖɚɘəɑŬ. ȼ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ 

ɏɚŬɓŮ ɛɏŰɟŬ ɛŮ ůəɞˊɧ Űɞɜ ˊŮɟɘɞɟɘůɛɧ əŬɘ Ůɜ ŰɏɚŮɘ Űɖɜ ŬˊŬɔɧɟŮɡůɖ Űɖɠ ɢɟɐůɖɠ Űɞɡɠ. ɇŬ PFOS ɜŬ 

ŮɑɜŬɘ ɖ ˊɟɩŰɖ ɏɜɤůɖ ˊɞɡ ŬˊŬɔɞɟŮɨɗɖəŬɜ Ŭˊɧ Űɖɜ ůɨɛɓŬůɖ Űɖɠ ɆŰɞəɢɧɚɛɖɠ, ɖ ɞˊɞɑŬ ŬűɞɟɎ Űɞɡɠ 

Ůˊɑɛɞɜɞɡɠ ɞɟɔŬɜɘəɞɨɠ ɟɨˊɞɡɠ (POPs), Ůɜɩ ŬəɞɚɞɨɗɖůŬɜ ŰŬ PFOA əŬɘ PFHxS. ȼ ŬɜŬɗŮɩɟɖůɖ 

Űɖɠ ɞŭɖɔɑŬɠ 2020/2184 (recast of the Drinking Water Directive) ŬˊɞŰɏɚŮůŮ Űɖɜ ˊɘɞ ˊɟɧůűŬŰɖ 

ɜɞɛɞɗŮŰɘəɐ ˊɟɎɝɖ ɧůɞɜ ŬűɞɟɎ Űɞ ˊɧůɘɛɞ ɜŮɟɧ, ɞɟɑɕɞɜŰŬɠ ŬɡůŰɖɟɎ ɧɟɘŬ ůɡɔəɏɜŰɟɤůɖɠ ɔɘŬ 20 

ŭɘŬűɞɟŮŰɘəɏɠ ŮɜɩůŮɘɠ PFAS. ȳůɞɜ ŬűɞɟɎ Űɘɠ ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ, ɛɧɚɘɠ Űɞ 2024, ɖ EPA 

ŬɜŬəɞɑɜɤůŮ Űɞɜ ŰŮɚɘəɧ ȾŬɜɞɜɘůɛɧ Ⱥɗɜɘəɩɜ ɄɟɞŰɨˊɤɜ Ʉɧůɘɛɞɡ ɁŮɟɞɨ, əŬɗɞɟɑɕɞɜŰŬɠ ɜɞɛɘəɎ 

ŭŮůɛŮɡŰɘəɎ ɧɟɘŬ ůɡɔəɏɜŰɟɤůɖɠ ɔɘŬ ɏɝɘ PFAS ůŰɞ ˊɧůɘɛɞ ɜŮɟɧ.  ɆŰɘɠ ɛɏɟŮɠ ɛŬɠ, ŮűŬɟɛɧɕɞɜŰŬɘ 

ŭɘɎűɞɟŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ɛŮ ůŰɧɢɞ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ PFAS Ŭˊɧ Űɞ ˊɧůɘɛɞ ɜŮɟɧ. ȼ ˊɟɞůɟɧűɖůɖ ůŮ 

ŮɜŮɟɔɧ ɎɜɗɟŬəŬ ŬˊɞŰŮɚŮɑ Űɖɜ ůɡɜɖɗɏůŰŮɟɖ ɛɏɗɞŭɞ ŮˊŮɝŮɟɔŬůɑŬɠ, ɖ ɞˊɞɑŬ ɓɟɑůəŮɘ ŮɡɟŮɑŬ 

ŮűŬɟɛɞɔɐ ůŮ ˊɞɚɚɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ɡɣɖɚɎ ˊɞůɞůŰɎ 

ŬˊɞɛɎəɟɡɜůɖɠ. Ƀ ŮɜŮɟɔɧɠ ɎɜɗɟŬəŬ ŮɑɜŬɘ ɏɜŬ ɡɚɘəɧ, Űɞ ɞˊɞɑɞ əŬŰŬůəŮɡɎɕŮŰŬɘ Ŭˊɧ ˊɚɖɗɩɟŬ 

ˊɟɩŰɤɜ ɡɚɩɜ, Ůɜɩ ɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜŬɔɏɜɜɖůɐɠ Űɞɡ ůɡɛɓɎɚɚŮɘ ůɖɛŬɜŰɘəɎ ůŰɖ ɛŮɑɤůɖ Űɞɡ əɧůŰɞɡɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ, ɓŮɚŰɘɩɜɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ əŬɘ Űɞ ˊŮɟɘɓŬɚɚɞɜŰɘəɧ Űɖɠ ŬˊɞŰɨˊɤɛŬ.  Ⱥˊɘˊɚɏɞɜ, ɛɘŬ 

Ŭəɧɛɖ ɛɏɗɞŭɞ ŬˊɞɛɎəɟɡɜůɖɠ PFAS ŬˊɞŰŮɚŮɑ ɖ ˊɟɞůɟɧűɖůɖ ůŮ ɟɖŰɑɜŮɠ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ. ȼ 

ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞɠ ɏɢŮɘ ˊɟɞůŮɚəɨůŮɘ ůɖɛŬɜŰɘəɐ ˊɟɞůɞɢɐ ɚɧɔɤ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎɠ əŬɘ 

Űɖɠ ŮɡəɞɚɑŬɠ ůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ, Űɖɠ ɛŮɔɎɚɖɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ ́ɞɡ ŮɛűŬɜɑɕŮɘ ɧůɞɜ ŬűɞɟɎ Űɞɜ ɧɔəɞ 

ɜŮɟɞɨ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊŮɝŮɟɔŬůŰŮɑ əŬɘ Űɞɡ ɛɘəɟɞɨ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ŬˊɞŰɡˊɩɛŬŰɞɠ Űɖɠ. ɇɏɚɞɠ, ɖ 

ŭɘŬŭɘəŬůɑŬ űɑɚŰɟŬɜůɖɠ ɛŮ ɛŮɛɓɟɎɜŮɠ ɜŬɜɞŭɘɐɗɖůɖɠ əŬɘ ŬɜŰɑůŰɟɞűɖɠ ɩůɛɤůɖɠ ŬˊɞŰŮɚŮɑ ɛɘŬ 

Ŭəɧɛɖ ŮɜŬɚɚŬəŰɘəɐ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ŭɞəɘɛŬůɛɏɜɖ ɚɨůɖ ůŮ ŮˊɑˊŮŭɞ ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ, ɖ ɞˊɞɑŬ 

ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ɡɣɖɚɧŰŮɟŬ ˊɞůɞůŰɎ ŬˊɞɛɎəɟɡɜůɖɠ PFAS Ŭˊɧ əɎɗŮ Ɏɚɚɖ ŭɘŮɟɔŬůɑŬ. ɄŬɟ' ɧɚŬ 

ŬɡŰɎ, Űɞ ɡɣɖɚɧ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ ůɡɜŰɐɟɖůɖɠ əŬɗɩɠ əŬɘ ɖ ŭɘŬɢŮɑɟɘůɖ Űɞɡ ˊŬɟŬɔɧɛŮɜɞɡ 

ůɡɛˊɡəɜɩɛŬŰɞɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɎ ɛŮɘɞɜŮəŰɐɛŬŰŬ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ. ɇŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢŮɘ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůɖɛŬɜŰɘəɐ ˊɟɧɞŭɞɠ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɡɚɘəɩɜ ɔɘŬ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ Űɤɜ PFAS Ŭˊɧ Űɞ ɜŮɟɧ ɧˊɤɠ ŰŬ ȷɛɡɚɞŮɘŭɐ ɁŬɜɞȶɜɑŭɘŬ (ANFs), ŰŬ ɀŮŰŬɚɚɞ-

ɃɟɔŬɜɘəɎ ɄɚɏɔɛŬŰŬ (MOFs), ŰŬ  MXenes əŬɘ ŰŬ ɄɞɚɡɛŮɟɐ ȾɡəɚɞŭŮɝŰɟɑɜɖɠ (CDPs). TŬ 

ˊɟɞɖɔɛɏɜŬ ŬɡŰɎ ɡɚɘəɎ ˊŬɟɏɢɞɡɜ əŬɘɜɞŰɧɛŮɠ əŬɘ ɓɘɩůɘɛŮɠ ɚɨůŮɘɠ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ PFAS, 

ŬˊɞŰŮɚɩɜŰŬɠ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜŮɠ ɚɨůŮɘɠ ůŰɞɜ ŰɞɛɏŬ ŮˊŮɝŮɟɔŬůɑŬɠ ɡŭɎŰɤɜ. ɄŬɟɧŰɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ŮɜɗŬɟɟɡɜŰɘəɎ, ɕɖŰɐɛŬŰŬ ɧˊɤɠ ɖ ɞɘəɞɜɞɛɘəɐ ɓɘɤůɘɛɧŰɖŰŬ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ŮűŬɟɛɞɔɐɠ Űɞɡɠ ůŮ ˊɚɐɟɖ əɚɑɛŬəŬ ŬˊŬɘŰɞɨɜ ˊŮɟŬɘŰɏɟɤ ŭɘŮɟŮɨɜɖůɖ. ɇɏɚɞɠ ɧůɞɜ ŬűɞɟɎ Űɞ əɧůŰɞɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ ŮɝŬɟŰɎŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɞɡɠ ůŰɧɢɞɡɠ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ 

Ůəɟɞɐɠ, ɩůŰŮ ɜŬ ůɡɛɛɞɟűɩɜɞɜŰŬɘ ɛŮ Űɞ ŮəɎůŰɞŰŮ ɜɞɛɞɗŮŰɘəɧ ˊɚŬɑůɘɞ. ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, 

ˊɟɞəɨˊŰŮɘ ɧŰɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ PFAS ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ŰŮɢɜɞɚɞɔɘɩɜ ɛŮɛɓɟŬɜɩɜ ɧˊɤɠ ɖ 

ɜŬɜɞŭɘɐɗɖůɖ əŬɘ ɖ ŬɜŰɑůŰɟɞűɖ ɩůɛɤůɖ ɏɢɞɡɜ ɡɣɖɚɧŰŮɟɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ 

ɛŮɗɧŭɞɡɠ ˊɟɞůɟɧűɖůɖɠ. 
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Abstract 

Perfluoroalkyl and polyfluoroalkyl substances (PFAS) constitute a group of emerging organic 

pollutants. While there is no universally accepted definition, as research for these chemicals is still 

ongoing, they are generally defined as compounds in which carbon atoms are bonded to fluorine 

atoms at most or all available positions. These substances are characterized by their carbon-

fluorine bond, which imparts their distinctive properties. Depending on the degree of fluorination, 

carbon atoms within the molecule may be either partially fluorinated (polyfluorinated) or fully 

fluorinated (perfluorinated). Structural modifications, such as the incorporation of functional 

groups and the substitution of atoms like oxygen, chlorine, or sulfur, influence their properties. 

The persistence and mobility of certain PFAS, combined with their widespread use in industry, 

firefighting foams, and numerous consumer products, have contributed to their extensive presence 

in the environment worldwide. The history of PFAS dates to the identification of 

polytetrafluoroethylene (PTFE), commercially known as Teflon, followed by the large-scale 

production and application of other compounds such as perfluorooctane sulfonate (PFOS) and 

perfluorooctanoic acid (PFOA). In the 1990s, PFAS were detected for the first time in human 

plasma, indicating widespread exposure. Following extensive studies on PFOS and PFOA, in 

2009, these compounds were listed under Annex B of the Stockholm Convention on Persistent 

Organic Pollutants (POPs). More recently, in 2019, the U.S. Environmental Protection Agency 

(EPA) introduced its first action plan to address PFAS contamination. Despite growing concerns, 

PFAS continue to be produced globally in significant quantities, with increasing production in 

countries such as China, Russia, and India. To mitigate the risks associated with long-chain PFAS, 

manufacturers have developed alternative substances, including GenX and perfluorobutane 

sulfonate (PFBS), which feature shorter carbon chains. PFAS can be broadly classified into two 

categories: polymeric and non-polymeric compounds. Furthermore, they can be categorized based 

on carbon chain length into long-chain and short-chain PFAS. The primary industrial production 

methods for PFAS include electrochemical fluorination (ECF) and fluorotelomerization. These 

compounds have diverse applications across multiple industries, including aerospace, automotive 

manufacturing, petroleum refining, semiconductor fabrication, and pharmaceuticals. Additionally, 

PFAS are present in cleaning products, paints, coatings, varnishes, construction materials, 

lubricants, pesticides, cosmetics, personal care products, textiles, upholstery, carpets, medical 

devices, non-stick cookware coatings, food packaging, and many other consumer goods. The 

extensive and prolonged use of PFAS has significantly contributed to their environmental 

persistence. Key sources of PFAS emissions into the environment include industries that produce, 

process, or utilize PFAS in the manufacturing of other products, facilities managing solid and 

liquid waste, such as wastewater treatment plants and landfill sites, and the use of Class B 

firefighting foams, which contain PFAS compounds. 

Growing concerns have been raised regarding the human health and ecological risks associated 

with PFAS exposure. Numerous studies have confirmed the widespread detection of specific PFAS 

in the human population and wildlife. The primary exposure pathways include consumption of 

contaminated food and drinking water, inhalation of air and dust particles containing PFAS, use of 

consumer products containing PFAS, and occupational exposure in PFAS-related industries. Due 

to their tendency to bioaccumulate in the human body, long-term exposure to PFAS has been linked 
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to severe health issues. Long-chain PFAS, such as PFOA and PFOS, have been associated with an 

increased risk of cardiovascular diseases, hypertension, and immunotoxicity. Additionally, other 

PFAS compounds, including PFNA and PFDA, have been correlated with cancer, infertility, 

endocrine and kidney disorders, and developmental effects in fetuses, infants, and young children. 

In response to these concerns, the European Union (EU) has implemented regulatory measures 

aimed at restricting and ultimately banning PFAS usage. PFOS was the first compound banned 

under the Stockholm Convention on Persistent Organic Pollutants (POPs), followed by PFOA and 

perfluorohexane sulfonic acid (PFHxS). The 2020 revision of the Drinking Water Directive 

(Directive 2020/2184) introduced stringent limits, setting a maximum allowable concentration for 

20 different PFAS compounds in drinking water. In the United States, the EPA finalized the 

National Primary Drinking Water Regulations in 2024, establishing legally binding concentration 

limits for six PFAS in drinking water. Various technologies are currently employed for the removal 

of PFAS from drinking water. Adsorption onto activated carbon is the most commonly used 

treatment method, widely implemented in full-scale facilities, achieving high removal efficiency. 

Activated carbon is produced from a variety of raw materials, and its regeneration capability 

significantly reduces treatment costs while also improving its environmental footprint. 

Additionally, ion exchange resin adsorption is another effective PFAS removal method. This 

approach has gained considerable attention due to its efficiency, operational simplicity, high 

capacity for processing large water volumes, and minimal environmental impact. Lastly, 

membrane filtration using nanofiltration and reverse osmosis represents an alternative removal 

strategy. This method has been successfully applied at a full-scale level and exhibits the highest 

PFAS removal rates compared to other processes. However, its high operational and maintenance 

costs, along with the challenge of managing the resulting concentrate, pose significant drawbacks 

in its application. Significant advancements have been made in the development of innovative 

materials for PFAS removal, including Amyloid Nanofibrils (ANFs), Metal-Organic Frameworks 

(MOFs), MXenes, and Cyclodextrin-based Polymers (CDPs). These advanced materials provide 

novel and sustainable solutions for water treatment and PFAS remediation. While preliminary 

results are promising, further research is required to assess economic viability and scalability for 

large-scale applications. From a cost perspective, the choice of remediation technology depends 

on treatment objectives and regulatory compliance requirements. In general, membrane separation 

technologies, such as nanofiltration and reverse osmosis, tend to be more expensive compared to 

adsorption-based methods. 
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ȾŮűɎɚŬɘɞ 1 - ũŮɜɘəɎ 

1.1 ȺɘůŬɔɤɔɐ 

Ƀɘ ɡˊŮɟűɗɞɟɞŬɚəɡɚɘɤɛɏɜŮɠ əŬɘ ˊɞɚɡűɗɞɟɞŬɚəɡɚɘɤɛɏɜŮɠ ɞɡůɑŮɠ, ɔɜɤůŰɏɠ əŬɘ ɤɠ PFAS ŮɑɜŬɘ ɛɘŬ 

ɞɛɎŭŬ ŬɜŬŭɡɧɛŮɜɤɜ ɞɟɔŬɜɘəɩɜ ɟɨˊɤɜ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ɡˊɞůɨɜɞɚɞ ɞɡůɘɩɜ, Űɞ ɞˊɞɑɞ ɏɢŮɘ 

ˊɞɘəɑɚŮɠ ɢɖɛɘəɏɠ əŬɘ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ŬɜɐəŮɘ ůŰɖɜ ɞɛɎŭŬ Űɤɜ űɗɞɟɘɤɛɏɜɤɜ ɢɖɛɘəɩɜ. ɀŮ ŰŬ 

ɢɟɧɜɘŬ, ɞ Ŭɟɘɗɛɧɠ əŬɘ ɞɘ ɢɟɐůŮɘɠ Űɞɡɠ ɏɢɞɡɜ ŬɡɝɖɗŮɑ ůɖɛŬɜŰɘəɎ. ɈˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ ɖ ɞɘəɞɔɏɜŮɘŬ 

Űɤɜ PFAS ˊŮɟɘɚŬɛɓɎɜŮɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 12.000 ɢɖɛɘəɏɠ ɞɡůɑŮɠ [1]. ɀɘŬ ˊɟɧůűŬŰɖ ŬˊɞɔɟŬűɐ 

ŮɜŰɧˊɘůŮ ˊɎɜɤ Ŭˊɧ 4.700 ŮɜɩůŮɘɠ ɛŮ Ŭɟɘɗɛɞɨɠ CAS (Chemical Abstracts Service) ́ Ŭɔəɞůɛɑɤɠ Ŭɜ 

əŬɘ ɞɘ ůɡɔəŮəɟɘɛɏɜŮɠ ɢɟɐůŮɘɠ ɔɘŬ ˊɞɚɚɏɠ Ŭˊɧ ŬɡŰɎ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɏɠ [2],[5]. ȼ ŬɜɗŮəŰɘəɧŰɖŰŬ əŬɘ 

ɖ əɘɜɖŰɘəɧŰɖŰŬ ɞɟɘůɛɏɜɤɜ PFAS, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŮəŰŮŰŬɛɏɜɖ ɢɟɐůɖ Űɞɡɠ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ, 

ůŰɞɡɠ Ŭűɟɞɨɠ ˊɡɟɧůɓŮůɖɠ əŬɘ ůŮ ˊɚɖɗɩɟŬ əŬŰŬɜŬɚɤŰɘəɩɜ ˊɟɞɥɧɜŰɤɜ, ɏɢɞɡɜ ɞŭɖɔɐůŮɘ ůŰɖɜ 

ŮɡɟŮɑŬ ˊŬɟɞɡůɑŬ Űɞɡɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. ȼ ˊɟɞůɞɢɐ Űɤɜ ŮɟŮɡɜɖŰɩɜ əŬɘ Űɞɡ əɞɘɜɞɨ ůŰɟɎűɖəŮ ůŮ 

ŬɡŰɎ ůɢŮŰɘəɎ ˊɟɧůűŬŰŬ. ɀɏɢɟɘ Űɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 2000, ŮɚɎɢɘůŰŬ ŮɟŮɡɜɖŰɘəɎ ɘŭɟɨɛŬŰŬ 

ŭɘɏɗŮŰŬɜ Űoɜ ŬˊŬɟŬɑŰɖŰɞ Ůɝɞˊɚɘůɛɧ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ɢŬɛɖɚɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ PFAS ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ. Ⱥˊɘˊɚɏɞɜ, ůŰɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 2010 ŭɘɎűɞɟŮɠ ɛɏɗɞŭɞɘ ŬɜɑɢɜŮɡůɖɠ ɏɔɘɜŬɜ 

Ůɡɟɏɤɠ ŭɘŬɗɏůɘɛŮɠ əŬɘ ŬɟəŮŰɎ ŮɡŬɑůɗɖŰŮɠ ɩůŰŮ ɜŬ ŮɜŰɞˊɑůɞɡɜ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ PFAS ůŰɞ ɜŮɟɧ. 

Ƀɘ űɡůɘəɞɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ əŬɗɘůŰɞɨɜ ɞɟɘůɛɏɜŬ PFAS ŬɜɗŮəŰɘəɎ əŬɘ ŮɡəɑɜɖŰŬ, əŬɗɘůŰɞɨɜ 

ŰŬɡŰɧɢɟɞɜŬ ŭɨůəɞɚɖ Űɖɜ ŬɜɑɢɜŮɡůɖ əŬɘ Űɖɜ ŬˊɞɛɎəɟɡɜůɐ Űɞɡɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. ũɘô ŬɡŰɧ Űɞ ɚɧɔɞ 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ  ůɡɢɜɎ ɤɠ "ŬɘɩɜɘŬ ɢɖɛɘəɎ" [6]. ɄŬɟɎ ŰŬɨŰŬ, ɞɘ ŰɟɏɢɞɡůŮɠ ŬɜŬɚɡŰɘəɏɠ ŰŮɢɜɘəɏɠ 

ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɜ ɏɜŬ ůɢŮŰɘəɎ ɛɘəɟɧ əɚɎůɛŬ Űɤɜ PFAS ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ əŬɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡůŰɖɛŬŰɘəɎ Ŭˊɧ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 1950. ȾŬɗɩɠ ɞɘ ɡˊɎɟɢɞɡůŮɠ ŬɜŬɚɡŰɘəɏɠ 

ɛɏɗɞŭɞɘ ɓŮɚŰɘɩɜɞɜŰŬɘ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɜɏŮɠ ŰŮɢɜɘəɏɠ ɔɑɜɞɜŰŬɘ ŮɡɟɨŰŮɟŬ 

ŭɘŬɗɏůɘɛŮɠ, ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ŬɜŬəŬɚɡűɗɞɨɜ ˊŮɟɘůůɧŰŮɟŬ PFAS əŬɘ ɜɏŬ ůɖɛŮɑŬ ɟɨˊŬɜůɖɠ. ũŮɜɘəɎ, 

ŰŬ PFAS ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞ ŭŮůɛɧ ŬŰɧɛɤɜ ɎɜɗɟŬəŬ ɛŮ ɎŰɞɛŬ űɗɞɟɑɞɡ, ɧˊɞɡ ɖ űɗɞɟɑɤůɖ 

ŭɑɜŮɘ ůŰŬ ɛɧɟɘŬ ŬɡŰɎ Űɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɘŭɘɧŰɖŰɏɠ Űɞɡɠ. ɇŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɑŰŮ 

ɛŮɟɘəɩɠ űɗɞɟɘɤɛɏɜŬ (ˊɞɚɡűɗɞɟɘɤɛɏɜŬ) ŮɑŰŮ ˊɚɐɟɤɠ űɗɞɟɘɤɛɏɜŬ (ɡˊŮɟűɗɞɟɘɤɛɏɜŬ). 

ɇɟɞˊɞˊɞɘɐůŮɘɠ, ɧˊɤɠ ɖ ˊɟɞůɗɐəɖ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ əŬɘ ɎɚɚŮɠ ɡˊɞəŬŰŬůŰɎůŮɘɠ (ɧˊɤɠ 

ɞɝɡɔɧɜɞ, ɢɚɩɟɘɞ, ɗŮɑɞ) ŭɘŬűɞɟɞˊɞɘɞɨɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ŰŬ PFAS ɏɢɞɡɜ 

ɓɟŮɗŮɑ ůŰɞ ŮˊɑəŮɜŰɟɞ ŬɟəŮŰɩɜ Űɞɝɘəɞɚɞɔɘəɩɜ ɛŮɚŮŰɩɜ əŬɗɩɠ ɡˊɎɟɢɞɡɜ ɏɜŰɞɜŮɠ ŬɜɖůɡɢɑŮɠ ɔɘŬ Űɘɠ 

ŮˊɘˊŰɩůŮɘɠ Űɞɡɠ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ. ȺɘŭɘəɧŰŮɟŬ, ɡˊɎɟɢɞɡɜ ůɞɓŬɟɧŰŬŰŮɠ ŮɜŭŮɑɝŮɘɠ ɧŰɘ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ ́ŬɗɐůŮɘɠ ɧˊɤɠ ŭɘɎűɞɟŮɠ ɔŮɜŮŰɘəɏɠ ŬůɗɏɜŮɘŮɠ, ɛŮɘɤɛɏɜɖ Ŭɜɞůɞɚɞɔɘəɐ Ŭˊɧəɟɘůɖ, 

ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ əŬɟəɑɜɞɡ, ŮˊɘˊŰɩůŮɘɠ ůŰɞ ɐˊŬɟ, Űɞ ŬɜŬˊŬɟŬɔɤɔɘəɧ, Űɞ əŬɟŭɘŬɔɔŮɘŬəɧ əŬɘ Űɞ 

Ůɜŭɞəɟɘɜɘəɧ ůɨůŰɖɛŬ [7],[8],[9]. 

1.2 ȽůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ 

ȼ ɘůŰɞɟɑŬ Űɤɜ PFAS ɝŮəɘɜɎ ɛŮ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ́ ɞɚɡŰŮŰɟŬűɗɞɟɞŬɘɗɡɚŮɜɑɤɜ (PTFE). ɇŬ 

PTFE, ůɡɜɗŮŰɘəɎ űɗɞɟɞˊɞɚɡɛŮɟɐ ůŮ ůŰŮɟŮɐ ɛɞɟűɐ ɛŮ ɡɣɖɚɧ ɛɞɟɘŬəɧ ɓɎɟɞɠ, ŮɛűŬɜɑɕɞɡɜ 

ˊɚɖɗɩɟŬ ɢɟɐůŮɤɜ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ˊɚŬůŰɘəɩɜ ˊɟɞɥɧɜŰɤɜ, ůɡůəŮɡŬůɘɩɜ, ŬŭɘɎɓɟɞɢɤɜ ˊɟɞɥɧɜŰɤɜ 

əŬɘ ɛŬɔŮɘɟɘəɩɜ ůəŮɡɩɜ. ũɜɤůŰɎ ɛŮ Űɖɜ Ůɛˊɞɟɘəɐ ɞɜɞɛŬůɑŬ Teflon, ɏɔɘɜŬɜ Ůɡɟɏɤɠ ɔɜɤůŰɎ Űɖ 

ŭŮəŬŮŰɑŬ Űɞɡ 1940, əŬɗɩɠ ŰŬ űɡůɘəɞɢɖɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ŭɨɜŬŰŬɘ ɜŬ ˊɟɞůŭɩůɞɡɜ 

ɘŭɘɧŰɖŰŮɠ ɧˊɤɠ ɡŭɟɧűɞɓɖ ůɡɛˊŮɟɘűɞɟɎ, ɗŮɟɛɘəɐ əŬɘ ɢɖɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ ůŮ ɛɘŬ ŮɡɟŮɑŬ ɔəɎɛŬ 

ˊɟɞɥɧɜŰɤɜ.  ɆŰɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1950, ɛɘŬ əŬŰɖɔɞɟɑŬ Űɤɜ PFAS, ůɡɔəŮəɟɘɛɏɜŬ ŰŬ PFOA 

(ˊŮɟűɗɞɟɞɞəŰŬɜɞɥəɎ ɞɝɏŬ), ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŰɖɜ ˊŬɟŬɔɤɔɐ ˊɟɞɥɧɜŰɤɜ 



мн 
 

ŮɡɟŮɑŬɠ ɢɟɐůɖɠ. ɆŰɘɠ Ŭɟɢɏɠ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1960, ɖ ȷɛŮɟɘəŬɜɘəɐ ɈˊɖɟŮůɑŬ ɇɟɞűɑɛɤɜ əŬɘ 

ūŬɟɛɎəɤɜ (FDA) ŬɜŬɔɜɩɟɘůŮ Űɖ ɢɟɐůɖ Űɤɜ PTFE ůŰɖɜ əŬŰŬůəŮɡɐ ɞɘəɘŬəɩɜ Ůɘŭɩɜ əŬɘ 

ůɡůəŮɡŬůɘɩɜ Űɟɞűɑɛɤɜ. ɇɞ 1968, ɞɟɔŬɜɘəɏɠ űɗɞɟɘɞɨɢŮɠ ŮɜɩůŮɘɠ ŬɜɘɢɜŮɨŰɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ 

ůŰɞ ˊɚɎůɛŬ ŮɟɔŬŰɩɜ ˊɞɡ ŮɑɢŬɜ ŮəŰŮɗŮɑ ůŮ ŬɡŰɏɠ ůŰɞɜ ŮɟɔŬůɘŬəɧ Űɞɡɠ ɢɩɟɞ [10]. 

ɇɘɠ ŮˊɧɛŮɜŮɠ ŭŮəŬŮŰɑŮɠ, ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ PFAS ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɎɟɢɘůŬɜ ɜŬ ŬɡɝɎɜɞɜŰŬɘ 

ůɖɛŬɜŰɘəɎ, ɛŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɜŬ əŬŰŬɔɟɎűɞɜŰŬɘ ŬɟɢɘəɎ ůŰŬ ɡˊɧɔŮɘŬ ɜŮɟɎ, ůŰɘɠ Ŭˊɞɟɟɞɏɠ 

ɓɘɞɛɖɢŬɜɘəɩɜ ŬˊɞɓɚɐŰɤɜ əŬɘ ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ. ȷˊɧ Űɞ 1970 ɏɤɠ Űɞ 2002, ˊŬɟɐɢɗɖůŬɜ 

ˊŮɟɑˊɞɡ 122.500 Űɧɜɞɘ ɡˊŮɟűɗɞɟɞůɞɡɚűɞɜɘəɩɜ ɞɡůɘɩɜ, ɛŮ Űɞ 37% ŬɡŰɩɜ ɜŬ ŮɘůɏɟɢŮŰŬɘ ůŰɞ 

ˊŮɟɘɓɎɚɚɞɜ [11]. ɇɖ ŭŮəŬŮŰɑŬ Űɞɡ 1990, ŬɜɘɢɜŮɨŰɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ůŰɞ ˊɚɎůɛŬ Űɞɡ ɔŮɜɘəɞɨ 

ˊɚɖɗɡůɛɞɨ, ɡˊɞŭɖɚɩɜɞɜŰŬɠ Űɖɜ ŮɡɟŮɑŬ ɏəɗŮůɖ Űɞɡ Ŭɜɗɟɩˊɞɡ ůŮ ŬɡŰɏɠ Űɘɠ ɞɡůɑŮɠ. ɄŬɟɎ Űɖɜ 

ˊŮɜŰɖəɞɜŰŬŮŰɐ ˊŬɟŬɔɤɔɐ Űɞɡɠ Ŭˊɧ Űɖ ɓɘɞɛɖɢŬɜɑŬ, ɛɧɚɘɠ ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 2006 ɎɟɢɘůŬɜ ɜŬ 

ɚŬɛɓɎɜɞɜŰŬɘ ŭŮɑɔɛŬŰŬ əŬɘ ɜŬ əŬŰŬɔɟɎűŮŰŬɘ ɖ ŬɜɑɢɜŮɡůɐ Űɞɡɠ ůŮ ŮˊɘűŬɜŮɘŬəɎ əŬɘ ɡˊɧɔŮɘŬ ɨŭŬŰŬ. 

ɇɖɜ ɑŭɘŬ ɢɟɞɜɘɎ, ɖ ɛŮɔŬɚɨŰŮɟɖ ɓɘɞɛɖɢŬɜɑŬ ˊŬɟŬɔɤɔɐɠ PFAS, ɖ 3ɀ, ŬɜŬəɞɑɜɤůŮ Űɖ ŭɘŬəɞˊɐ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ PFOS əŬɘ PFOA ɏɤɠ Űɞ 2008. ɇɞ 2006, ɖ U.S. EPA ŬˊɞűɎůɘůŮ ɜŬ ɗɏůŮɘ ɧɟɘŬ ůŰɘɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ŬɡŰɩɜ Űɤɜ ɞɡůɘɩɜ əŬɘ Űɤɜ ˊɟɧŭɟɞɛɤɜ ŮɜɩůŮɩɜ Űɞɡɠ, ŮˊɘɓɎɚɚɞɜŰŬɠ Űɞ ˊɟɩŰɞ 

ˊɚŬɑůɘɞ ŬˊŬɔɧɟŮɡůɖɠ ůŰɘɠ ɛŮɔɎɚŮɠ ɓɘɞɛɖɢŬɜɑŮɠ ˊɞɡ Űɘɠ ˊŬɟɐɔŬɔŬɜ, ɛŮ ŮˊŬɜŮɝɏŰŬůɖ ɏɤɠ Űɞ 2015. 

ɀŮŰɎ Ŭˊɧ ŮɜŭŮɚŮɢɐ ɛŮɚɏŰɖ Űɤɜ PFOS əŬɘ PFOA, Űɞ 2009 ɞɘ ɞɡůɑŮɠ ŬɡŰɏɠ ůɡɛˊŮɟɘɚɐűɗɖəŬɜ ɔɘŬ 

ˊɟɩŰɖ űɞɟɎ ůŰɞɜ ɄɑɜŬəŬ ȸ Űɖɠ ɚɑůŰŬɠ Űɤɜ ȺɛɛɏɜɞɜŰɤɜ ɃɟɔŬɜɘəɩɜ Ʌɨˊɤɜ (POPs) ůŰɖ Ɇɡɜɗɐəɖ 

Űɖɠ ɆŰɞəɢɧɚɛɖɠ ɚɧɔɤ Űɖɠ ŬɜɗŮəŰɘəɧŰɖŰɎɠ Űɞɡɠ əŬɘ Űɖɠ ɏɚɚŮɘɣɖɠ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖ ŭɘɎůˊŬůɐ Űɞɡɠ 

ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. ȷɡŰɐ ɖ ŬˊŬɔɧɟŮɡůɖ ɞŭɐɔɖůŮ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ˊŬɟŬɔɤɔɐɠ ŮɜŬɚɚŬəŰɘəɩɜ 

ŮɜɩůŮɤɜ əŬɘ Űɞ 2016, ɞ FDA ŬˊŬɔɧɟŮɡůŮ ŰɟɑŬ ŬəɧɛŬ PFAS, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ ɤɠ ˊɟɧůɗŮŰŮɠ 

ɞɡůɑŮɠ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ Űɟɞűɑɛɤɜ əŬɘ ůɡůəŮɡŬůɘɩɜ əŬɘ ɐŰŬɜ ůɡɔɔŮɜŮɑɠ ŮɜɩůŮɘɠ Űɤɜ PFOS əŬɘ 

PFOA. ɄŬɟɎ Űɖ ɗɏůˊɘůɖ ɞɟɑɤɜ ˊŬɔəɞůɛɑɤɠ, ɛɧɚɘɠ Űɞ 2019 ɖ U.S. EPA ŬɜŬəɞɑɜɤůŮ Űɞ ˊɟɩŰɞ 

ɄɚɎɜɞ ȹɟɎůɖɠ ɔɘŬ ŰŬ PFAS [7]. ɆŰɞ ɆɢɐɛŬ 1.1 ́ ŬɟɞɡůɘɎɕŮŰŬɘ Ůɜ ůɡɜŰɞɛɑŬ Űɞ ɢɟɞɜɞŭɘɎɔɟŬɛɛŬ 

Űɖɠ ɓɘɞɛɖɢŬɜɘəɐɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ɢɟɐůɖɠ Űɤɜ PFAS Ŭˊɧ Űɞ 1950 ɏɤɠ ůɐɛŮɟŬ. 

 

 

ɆɢɐɛŬ 1. 1: ȽůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ Űɤɜ PFAS. (Gaber N, 2023) 
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1.3 ɈűɘůŰɎɛŮɜɖ əŬŰɎůŰŬůɖ ŬɜɎ Űɞɜ əɧůɛɞ 

ɇŬ PFAS ůɡɜŮɢɑɕɞɡɜ ɜŬ ˊŬɟɎɔɞɜŰŬɘ ůŮ ɛŮɔɎɚŮɠ ˊɞůɧŰɖŰŮɠ ˊŬɔəɞůɛɑɤɠ, ɛŮ ŬɡɝɖŰɘəɐ ŰɎůɖ ůŮ 

ɢɩɟŮɠ ɧˊɤɠ ɖ ȾɑɜŬ, ɖ ɅɤůɑŬ əŬɘ ɖ ȽɜŭɑŬ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ [2]. ɄŬɟɎ Űɖɜ ŬˊŬɔɧɟŮɡůɐ Űɞɡɠ ůŰɘɠ 

ȼɄȷ, ɖ ˊŬɟŬɔɤɔɐ ɞɡůɘɩɜ ɧˊɤɠ ŰŬ PFOS ůŮ ɢɩɟŮɠ ɧˊɤɠ ɖ ũŮɟɛŬɜɑŬ əŬɘ ɖ ȽŰŬɚɑŬ ŬɡɝɐɗɖəŮ ɛɏɢɟɘ 

Űɞ 2017 [13]. Ƀɘ ˊŬɟŬɔɤɔɞɑ PFAS ɏɢɞɡɜ ŬɜŬˊŰɨɝŮɘ ŰŮɢɜɞɚɞɔɑŮɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɤɜ ŮɜɩůŮɤɜ 

ɛŮɔɎɚɞɡ ɛɐəɞɡɠ ŬɚɡůɑŭŬɠ ɎɜɗɟŬəŬ ɛŮ ɜɏŮɠ ŮɜɩůŮɘɠ ɛɘəɟɧŰŮɟɞɡ ɛŮɔɏɗɞɡɠ ɧˊɤɠ Űɞ GenX əŬɘ ŰŬ 

PFBS. ȷˊɧ Űɘɠ Ŭɟɢɏɠ Űɞɡ 2010 ɛɏɢɟɘ ůɐɛŮɟŬ, ɏɢɞɡɜ ɔɑɜŮɘ ůɖɛŬɜŰɘəɎ ɓɐɛŬŰŬ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ PFAS. Ȱɢɞɡɜ ŬɜɘɢɜŮɡŰŮɑ ůŮ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůŰŬ ɡŭɎŰɘɜŬ ůɩɛŬŰŬ, ůŰɞ 

ɏŭŬűɞɠ, ůŰŬ ŰɟɧűɘɛŬ əŬɘ Űɞ Ŭɜɗɟɩˊɘɜɞ ˊɚɎůɛŬ. Ƀɘ ɏɟŮɡɜŮɠ ŬɟɢɘəɎ ŮůŰɑŬɕŬɜ ůŰɖ ɗŮɤɟɖŰɘəɐ 

ɛŮɚɏŰɖ əŬɘ əŬŰŬɜɧɖůɖ Űɞɡɠ. ɀŮ Űɖɜ ŬɜɑɢɜŮɡůɐ Űɞɡɠ ůŮ ɡŭɎŰɘɜŬ ůɩɛŬŰŬ ůŮ ˊŮɟɘɞɢɏɠ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ əɞɜŰɎ ůŮ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ (ȺȺȿ) əŬɘ ɢɤɟɩɜ ɡɔŮɘɞɜɞɛɘəɐɠ ŰŬűɐɠ 

ŬˊɞɟɟɘɛɛɎŰɤɜ (ɉɈɇȷ), Űɞ ŮˊɘůŰɖɛɞɜɘəɧ ŮɜŭɘŬűɏɟɞɜ ɛŮŰŬŰɞˊɑůŰɖəŮ ůŰɖ ɛŮɚɏŰɖ ɛŮɗɧŭɤɜ 

ŬˊɞɟɟɨˊŬɜůɖɠ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɏɢŮɘ ŬɡɝɖɗŮɑ Űɞ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ ŰŬ 

ɡˊŮɟűɗɞɟɞɞəŰŬɜɞůɞɡɚűɞɜɘəɎ ɞɝɏŬ (PFOS) əŬɘ ɡˊŮɟűɗɞɟɞɞəŰŬɜɞɥəɎ ɞɝɏŬ (PFOȷ) ůŮ ůɢɏůɖ ɛŮ 

Ɏɚɚɞɡɠ ɢɖɛɘəɞɨɠ ɟɨˊɞɡɠ, ɧˊɤɠ Űɞ ŰɟɘɢɚɤɟɞŬɘɗɡɚɏɜɘɞ (TCE). ȼ ŰŮɢɜɞɚɞɔɑŬ ɏɢŮɘ ˊɟɞɢɤɟɐůŮɘ 

ůɖɛŬɜŰɘəɎ, Űɧůɞ ɛŮ Űɖɜ ɢɟɐůɖ Ůɝɞˊɚɘůɛɞɨ ŮɟɔŬůŰɖɟɘŬəɐɠ ɛɏŰɟɖůɖɠ PFAS ɧůɞ əŬɘ ɛŮ Űɖɜ 

ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɛŮɗɧŭɤɜ ŬˊɞɟɟɨˊŬɜůɖɠ. ɋůŰɧůɞ, ɡˊɎɟɢɞɡɜ ˊɞɚɚɎ ŮɛˊɧŭɘŬ ůŰɖɜ ˊɚɐɟɖ 

əŬŰŬɜɧɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡɠ əŬɘ Űɖɜ ŬɜɎˊŰɡɝɖ ɞɚɞəɚɖɟɤɛɏɜɤɜ ɛɞɜŰɏɚɤɜ 

ˊŬɟŬəɞɚɞɨɗɖůɖɠ əŬɘ ŬˊɞɟɟɨˊŬɜůɖɠ. ȹɘɎűɞɟɞɘ ŮˊɘůŰɖɛɞɜɘəɞɑ əŬɘ ɟɡɗɛɘůŰɘəɞɑ ɞɟɔŬɜɘůɛɞɑ ɏɢɞɡɜ 

ŮəűɟɎůŮɘ Űɘɠ ŬɜɖůɡɢɑŮɠ Űɞɡɠ ɔɘŬ Űɘɠ ˊɘɗŬɜɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ɡɔŮɑŬ əŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ Ŭˊɧ Űɖɜ 

ˊŬɟŬɔɤɔɐ, Űɖɜ əŬŰŬůəŮɡɐ, Űɖ ɢɟɐůɖ əŬɘ Űɖɜ Ŭˊɧɟɟɘɣɖ ɡɚɘəɩɜ ˊɞɡ ŮɛˊŮɟɘɏɢɞɡɜ PFAS. ȷɡŰɏɠ ɞɘ 

ŬɜɖůɡɢɑŮɠ ɏɢɞɡɜ ɤɗɐůŮɘ ůŮ ˊɟɞůˊɎɗŮɘŮɠ ɔɘŬ Űɖ ɛŮɑɤůɖ ɐ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ ɞɟɘůɛɏɜɤɜ PFAS, 

ɘŭɘŬɑŰŮɟŬ ŭɨɞ Ůɡɟɏɤɠ ˊŬɟŬɔɧɛŮɜɤɜ əŬɘ ŮəŰŮɜɩɠ ɛŮɚŮŰɖɛɏɜɤɜ ŮɜɩůŮɤɜ, Űɤɜ PFOS əŬɘ PFOA 

[12]. ɆɡɜɞɣɑɕɞɜŰŬɠ, ɗŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ ˊɞɨɛŮ ɛŮ ůɘɔɞɡɟɘɎ ɧŰɘ ɖ ɛŮɚɏŰɖ əŬɘ ɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ 

PFAS ŬˊɞŰŮɚŮɑ ɏɜŬ ɜɏɞ əŬɘ ŮɝŬɘɟŮŰɘəɎ ŮɜŭɘŬűɏɟɞɜ ˊŮŭɑɞ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ɄŮɟɘɓŬɚɚɞɜŰɘəɐɠ 

ɀɖɢŬɜɘəɐɠ. ȼ ůɡɜŮɢɐɠ ŬɜɑɢɜŮɡůɐ Űɞɡɠ əŬɘ ɞɘ ŰŮɢɜɞɚɞɔɘəɏɠ ŮɝŮɚɑɝŮɘɠ ůŰɖ ɛɏŰɟɖůɖ əŬɘ 

ŬˊɞɟɟɨˊŬɜůɖ əŬɗɘůŰɞɨɜ Űɞ ɗɏɛŬ ŮˊɑəŬɘɟɞ əŬɘ ůɖɛŬɜŰɘəɧ ɔɘŬ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ. 

 

1.4 ɃɜɞɛŬŰɞɚɞɔɑŬ PFAS 

Ƀ ɧɟɞɠ PFAS ŬˊɞŰŮɚŮɑ ɛɘŬ ɞɛˊɟɏɚŬ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ɢɘɚɘɎŭŮɠ ŬɜɗɟɤˊɞɔŮɜŮɑɠ ˊɞɚɨ/ɡˊŮɟ-

űɗɞɟɘɤɛɏɜŮɠ ɞɡůɑŮɠ, ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ˊɚɖɗɩɟŬ ˊɟɞɥɧɜŰɤɜ əŬɘ ŮűŬɟɛɞɔɩɜ ůŰɖɜ 

Ůˊɞɢɐ ɛŬɠ. Ƀ ɞɟɘůɛɧɠ Űɤɜ PFAS ŮɝŮɚɑůůŮŰŬɘ ůɡɜŮɢɩɠ əŬɗɩɠ ɖ ɏɟŮɡɜŬ ɔɘŬ ŬɡŰɏɠ Űɘɠ ŮɜɩůŮɘɠ 

ˊɟɞɢɤɟɎ əŬɘ ˊɞɘəɑɚɚŮɘ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ɟɡɗɛɘůŰɘəɧ űɞɟɏŬ, ŰŬ ɚŮɘŰɞɡɟɔɘəɎ əɟɘŰɐɟɘŬ əŬɘ Űɞ 

ŮɝŮŰŬɕɧɛŮɜɞ ́Ůŭɑɞ ŮűŬɟɛɞɔɐɠ.  ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ŭŮɜ ɡˊɎɟɢŮɘ ɏɜŬɠ əŬɗɞɚɘəɎ ŬˊɞŭŮəŰɧɠ 

ɞɟɘůɛɧɠ Űɤɜ PFAS. ɄŬɟɧɚŬ ŬɡŰɎ, əŬŰɎ ɔŮɜɘəɐ ɞɛɞɚɞɔɑŬ ɤɠ PFAS ɗŮɤɟɞɨɜŰŬɘ ɞɘ ŮɜɩůŮɘɠ ɧˊɞɡ 

ŰŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ Űɖɠ ɏɜɤůɖɠ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ ɎŰɞɛŬ űɗɞɟɑɞɡ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ɐ ɧɚŮɠ Űɘɠ 

ŭɘŬɗɏůɘɛŮɠ ɗɏůŮɘɠ [7]. Ʉɞɚɚɞɑ ŮˊɘůŰɐɛɞɜŮɠ ɏɢɞɡɜ ˊɟɞůˊŬɗɐůŮɘ ɜŬ ŭɩůɞɡɜ əŬŰŬɜɞɖŰɞɨɠ əŬɘ 

ůŬűŮɑɠ ɞɟɘůɛɞɨɠ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɜŬ ŰŬ əŬŰŬŰɎɝɞɡɜ ůŮ əŬŰɖɔɞɟɑŮɠ ɛŮ ɓɎůɖ Űɖ ůɨɜɗŮůɖ, Űɖ ŭɞɛɐ 

əŬɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɟɘůɛɞɑ Űɤɜ PFAS ůɨɛűɤɜŬ ɛŮ ŭɘɎűɞɟŬ 

ŮˊɘůŰɖɛɞɜɘəɎ ůɡɔɔɟɎɛɛŬŰŬ. 



мп 
 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Buck, et al. (2011), ŰŬ PFAS ŮɑɜŬɘ ŬɚŮɘűŬŰɘəɏɠ ŮɜɩůŮɘɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɏɜŬ ɐ 

ˊŮɟɘůůɧŰŮɟŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ C, ůŰɘɠ ɞˊɞɑŮɠ ɧɚŬ ŰŬ ɎŰɞɛŬ ɡŭɟɞɔɧɜɞɡ H, ɤɠ ɡˊɞəŬŰŬůŰɎŰŮɠ ŮɑɜŬɘ 

ˊŬɟɧɜŰŬ ůŮ ɛɖ űɗɞɟɘɞɨɢŮɠ ŮɜɩůŮɘɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɗŮɤɟɖŰɘəɎ ˊɟɞɏɟɢɞɜŰŬɘ əŬɘ ɏɢɞɡɜ 

ŬɜŰɘəŬŰŬůŰŬɗŮɑ Ŭˊɧ ɎŰɞɛŬ űɗɞɟɑɞɡ F, ɏŰůɘ ɩůŰŮ ɜŬ ŮɛˊŮɟɘɏɢɞɡɜ Űɖɜ ɞɛɎŭŬ (perfluoroalkyl 

moiety) CnF2n+1 [14]. 

 

Ⱥˊɘˊɚɏɞɜ, ůɨɛűɤɜŬ ɛŮ Űɞɡɠ Gluge et al. (2020), ŮəŰɧɠ Ŭˊɧ Űɘɠ ɞɡůɑŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɖɜ ɞɛɎŭŬ 

CnF2n+1, ɧˊɞɡ n Ó 1, ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ Ůˊɑůɖɠ (i) ɞɡůɑŮɠ ɧˊɞɡ ɛɘŬ ɡˊŮɟűɗɞɟɘɤɛɏɜɖ ŬɚɡůɑŭŬ 

ɎɜɗɟŬəŬ ůɡɜŭɏŮŰŬɘ ɛŮ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ əŬɘ ůŰŬ ŭɨɞ ɎəɟŬ, (ii) ŬɟɤɛŬŰɘəɏɠ ɞɡůɑŮɠ ˊɞɡ ɏɢɞɡɜ 

ŰɛɐɛŬŰŬ ɡˊŮɟűɗɞɟɞŬɚəɡɚɑɞɡ ůŰɘɠ ˊɚŮɡɟɘəɏɠ ŬɚɡůɑŭŮɠ, əŬɘ (iii) űɗɞɟɘɤɛɏɜŮɠ əɡəɚɞŬɚŮɘűŬŰɘəɏɠ 

ɞɡůɑŮɠ. Ⱥˊɘˊɚɏɞɜ, ŰŬ ́ɞɚɡɛŮɟɐ PFAS ɛŮ Űɞ ŰɛɐɛŬ ïCF2ï əŬɘ ŰŬ ɛɖ ˊɞɚɡɛŮɟɐ PFAS ɛŮ Űɞ ŰɛɐɛŬ 

ïCF2ïCF2ï, ŮɝŬɘɟɞɡɛɏɜɤɜ Űɤɜ ɛɖ ˊɞɚɡɛŮɟɩɜ ɞɡůɘɩɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɛɧɜɞ ɏɜŬ ŰɛɐɛŬ ïCF3 ɐ ï

CF2ï, ŮəŰɧɠ Űɤɜ  ɡ́ ŮɟűɗɞɟɞŬɚəɡɚŬɘɗɏɟɤɜ əŬɘ Űɤɜ ɞɡůɘɩɜ ˊɞɡ ɏɢɞɡɜ ɤɠ ɓɎůɖ Űɞɡɠ 

ɡˊŮɟ/ˊɞɚɡűɗɞɟɞŬɚəɡɚɞŬɘɗɏɟŮɠ. ũɘŬ ŬɡŰɏɠ Űɘɠ ŭɨɞ ɞɛɎŭŮɠ PFAS, ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ Ůˊɑůɖɠ ɞɡůɑŮɠ 

ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɞɛɎŭŬ ïCF2OCF2ï ɐ ïCF2OCFHCFï [15]. 

 

ɇŬ PFAS ŮɑɜŬɘ űɗɞɟɘɤɛɏɜŮɠ ɞɡůɑŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ ˊɚɐɟɤɠ űɗɞɟɘɤɛɏɜɞ ɎŰɞɛɞ 

ɎɜɗɟŬəŬ ɛŮɗɡɚɑɞɡ ɐ ɛŮɗɡɚŮɜɑɞɡ (ɢɤɟɑɠ əŬɜɏɜŬ ɎŰɞɛɞ H/Cl/Br/I ůɡɜŭŮŭŮɛɏɜɞ ůŮ ŬɡŰɧ), ŭɖɚŬŭɐ, 

ŮəŰɧɠ ŮɚŬɢɑůŰɤɜ ŮɝŬɘɟɏůŮɤɜ, ɞˊɞɘŬŭɐˊɞŰŮ ɢɖɛɘəɐ ɞɡůɑŬ ɛŮ ŰɞɡɚɎɢɘůŰɞɜ ɛɘŬ ɞɛɎŭŬ 

ɡˊŮɟűɗɞɟɘɤɛɏɜɞɡ ɛŮɗɡɚɑɞɡ (ïCF3) ɐ ɛɘŬ ɞɛɎŭŬ ɡˊŮɟűɗɞɟɘɤɛɏɜɞɡ ɛŮɗɡɚŮɜɑɞɡ (ïCF2ï) [2]. 

Ⱥˊɘˊɚɏɞɜ, ɤɠ PFAS  ɗŮɤɟŮɑŰŬɘ ɛɘŬ ɏɜɤůɖ ˊɞɡ ˊŮɟɘɏɢŮɘ ŮɑŰŮ ɛɑŬ ˊɞɚɨ- űɗɞɟɘɤɛɏɜɖ ŮɑŰŮ ɛɑŬ ɡˊɏɟ- 

űɗɞɟɘɤɛɏɜɖ ŬɚəɨɚɞŬɚɡůɑŭŬ (perfluoroalkyl group/ ɡˊŮɟűɗɞɟɞŬɚəɡɚɘəɐ ɞɛɎŭŬ), (Ůɝ ɞɚɞəɚɐɟɞɡ 

ɐ ɛŮɟɘəɩɠ ŭɖɚŬŭɐ), əŬɘ əɎɗŮ Ɏɚɚɖ ɏɜɤůɖ, ɖ ɞˊɞɑŬ ́ŮɟɘɏɢŮɘ ŬɡŰɐ Űɖɜ ɞɛɎŭŬ [16]. 

ɇɏɚɞɠ, ŰŬ PFAS ɞɟɑɕɞɜŰŬɘ ɤɠ ɞɘ ɡˊɏɟ-/́ ɞɚɨ-űɗɞɟɞŬɚəɡɚɘəɏɠ ɞɡůɑŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɞ ŰɛɐɛŬ 

ɡˊŮɟűɗɞɟɞŬɚəɡɚɑɞɡ ɛŮ ŭɨɞ ɔŮɘŰɞɜɘəɞɨɠ ˊɚɐɟɤɠ űɗɞɟɘɤɛɏɜɞɡɠ ɎɜɗɟŬəŮɠ, Rï(CF2)ï C(F)(Rǋ) Rò 

ɐ ŰɛɐɛŬ ɡˊŮɟűɗɞɟɞŬɚəɡɚŬɘɗɏɟŬ, Rï(CF2)ïOï(CF)(R') R", ɧˊɞɡ ŰŬ R, R' əŬɘ Rǌ 

ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ɞˊɞɘŬŭɐˊɞŰŮ ɚŮɘŰɞɡɟɔɘəɐ ɞɛɎŭŬ ɐ ɎŰɞɛɞ ŮəŰɧɠ Ŭˊɧ Űɞ ɡŭɟɞɔɧɜɞ (ȼ). ȷɡŰɧ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɡˊŮɟűɗɞɟɞŬɚəɡɚɘəɏɠ ɞɡůɑŮɠ ɛŮ ɛɞɜɎŭŮɠ RïCF2ïCF2ïRǋ əŬɘ CF3ïCF2ïR ɐ ɞɡůɑŮɠ 

ɡˊŮɟűɗɞɟɞŬɚəɡɚŬɘɗɏɟŬ ɛŮ ɛɞɜɎŭŮɠ RïCF2ïOïCF2ïR' əŬɘ CF3ïOïCF2ïR [17]. 

 

1.5 ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ PFAS 

ɇŬ PFAS ŭɨɜŬŰŬɘ ɜŬ ŭɘŬɢɤɟɘůŰɞɨɜ ůŮ ŭɨɞ əɨɟɘŮɠ əŬŰɖɔɞɟɑŮɠ:  ŰŬ ˊɞɚɡɛŮɟɐ əŬɘ ŰŬ ɛɖ ˊɞɚɡɛŮɟɐ. 

ȾɎɗŮ əŬŰɖɔɞɟɑŬ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɏɢŮɘ ˊɞɚɚɏɠ ɡˊɞəŬŰɖɔɞɟɑŮɠ əŬɘ ɡˊɞɞɛɎŭŮɠ, ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ 

ɞˊɞɑŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 1.2: 

 



мр 
 

 

ɆɢɐɛŬ 1. 2: ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ PFAS (Rhakho, 2024) 

1.5.1 ɄɞɚɡɛŮɟɐ PFAS 

ɇŬ ˊɞɚɡɛŮɟɐ ŮɑɜŬɘ ɛɧɟɘŬ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ, ŰŬ ɞˊɞɑŬ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ ůɡɜŭɡŬůɛɧ ˊɞɚɚɩɜ 

ɛɞɜɞɛŮɟɩɜ, ŭɖɚŬŭɐ ˊŬɜɞɛɞɘɧŰɡˊɤɜ ɛɞɟɑɤɜ ɛŮ ɓɟŬɢɨŰŮɟŮɠ ŬɚɡůɑŭŮɠ ůŮ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɞ 

ɛɞŰɑɓɞ. ɇŬ ˊɞɚɡɛŮɟɐ PFAS ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ˊŮɟŬɘŰɏɟɤ ůŰɘɠ əŬŰɖɔɞɟɑŮɠ Űɤɜ 

űɗɞɟɞˊɞɚɡɛŮɟɩɜ, Űɤɜ ɡˊŮɟűɗɞɟɞˊɞɚɡŬɘɗɏɟɤɜ (PFPEs) əŬɘ űɗɞɟɘɤɛɏɜɤɜ ˊɞɚɡɛŮɟɩɜ ˊɚŮɡɟɘəɐɠ 

ŬɚɡůɑŭŬɠ (SCFPs) [14]. 

ɄɑɜŬəŬɠ 1. 1: ɄŬɟŬŭŮɑɔɛŬŰŬ ˊɞɚɡɛŮɟɩɜ PFAS (ȾȺɀȽ, 2024) 

Ⱥɑŭɞɠ ˊɞɚɡɛŮɟɞɨɠ PFAS ɃɡůɑŬ 

ɄɞɚɡɛŮɟɐ űɗɞɟɘɤɛɏɜɖɠ ˊɚŮɡɟɘəɐɠ ŬɚɡůɑŭŬɠ FMA 

ūɗɞɟɞˊɞɚɡɛŮɟɐ PVDF, FED, PFA 

 

 



мс 
 

1.5.2 ɀɖ-ɄɞɚɡɛŮɟɐ PFAS 

Ƀɘ ɛɖ- ˊɞɚɡɛŮɟŮɑɠ ŮɜɩůŮɘɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ ɛŮɔɎɚŮɠ əŬŰɖɔɞɟɑŮɠ, Űɘɠ ɡˊŮɟűɗɞɟɘɤɛɏɜŮɠ əŬɘ 

ˊɞɚɡűɗɞɟɘɤɛɏɜŮɠ ŬɚəɡɚɘɤɛɏɜŮɠ ŮɜɩůŮɘɠ. 

¶ ɈˊŮɟűɗɞɟɞŬɚəɡɚɘɤɛɏɜŮɠ ŮɜɩůŮɘɠ: ȷˊɞŰŮɚɞɨɜ ŬɚŮɘűŬŰɘəɏɠ ŮɜɩůŮɘɠ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɧɚŬ ŰŬ 

ɎŰɞɛŬ ɡŭɟɞɔɧɜɞɡ ˊɞɡ ŮɑɜŬɘ ˊɟɞůəɞɚɚɖɛɏɜŬ ůŮ ɎŰɞɛŬ ɎɜɗɟŬəŬ ůŰɞ ɛɖ űɗɞɟɘɤɛɏɜɞ 

ŬɜɎɚɞɔɞ Ŭˊɧ Űɞ ɞˊɞɑɞ ɗŮɤɟɖŰɘəɎ ˊɟɞɏɟɢɞɜŰŬɘ ɏɢɞɡɜ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Ŭˊɧ ɎŰɞɛŬ űɗɞɟɑɞɡ, 

ŮəŰɧɠ Ŭˊɧ ŮəŮɑɜŬ ŰŬ ɎŰɞɛŬ ɡŭɟɞɔɧɜɞɡ Űɤɜ ɞˊɞɑɤɜ ɖ ŬɜŰɘəŬŰɎůŰŬůɖ ɗŬ ŰɟɞˊɞˊɞɘɞɨůŮ Űɖ 

űɨůɖ Űɤɜ ˊŬɟɧɜŰɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ [2]. 

 

¶ ɄɞɚɡűɗɞɟɞŬɚəɡɚɘɤɛɏɜŮɠ ŮɜɩůŮɘɠ: ȷˊɞŰŮɚɞɨɜ ŬɚŮɘűŬŰɘəɏɠ ŮɜɩůŮɘɠ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɧɚŬ 

ŰŬ ɎŰɞɛŬ ɡŭɟɞɔɧɜɞɡ ˊɞɡ ŮɑɜŬɘ ˊɟɞůəɞɚɚɖɛɏɜŬ ůŮ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ (ŬɚɚɎ ɧɢɘ ůŮ ɧɚŬ) 

ɎŰɞɛŬ ɎɜɗɟŬəŬ ɏɢɞɡɜ ŬɜŰɘəŬŰŬůŰŬɗŮɑ Ŭˊɧ ɎŰɞɛŬ űɗɞɟɑɞɡ, əŬŰɎ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ 

ˊŮɟɘɏɢɞɡɜ Űɞ ɡˊŮɟűɗɞɟɞŬɚəɡɚɘəɧ ɛɧɟɘɞ CnF2n+1 (ˊ.ɢ., C8F17CH2CH2OH). ȰŰůɘ, Ůɜɩ ɖ 

ɔŮɜɘəɐ ɏɜɜɞɘŬ Űɞɡ ɧɟɞɡ "ˊɞɚɡűɗɞɟɑɤůɖ" ˊŮɟɘɚŬɛɓɎɜŮɘ ŮɜɩůŮɘɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 

"ŭɘŬůəɞɟˊɘůɛɏɜŬ" ˊɞɚɚŬˊɚɎ ɎŰɞɛŬ űɗɞɟɑɞɡ (ɧˊɤɠ ůŰɞ CH2FCHFCHFCH2OH), əŬɗɩɠ 

əŬɘ "ɞɛŬŭɞˊɞɘɖɛɏɜŬ" (ɧˊɤɠ ůŰɞ CF3CF2CH2COOH), Ůɜɩ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɛɧɜɞ ŮəŮɑɜŮɠ ɞɘ 

ˊɞɚɡűɗɞɟɘɤɛɏɜŮɠ ɞɡůɑŮɠ ˊɞɡ ɏɢɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ ɡˊŮɟűɗɞɟɞŬɚəɡɚɘɤɛɏɜɞ ɛɧɟɘɞ 

(CnF2n+1) Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ PFAS [2]. 

ɄɑɜŬəŬɠ 1. 2: ɄŬɟŬŭŮɑɔɛŬŰŬ ɡˊŮɟűɗɞɟɘɤɛɏɜɤɜ PFAS (ȾȺɀȽ, 2024) 

ɈˊŮɟűɗɞɟɘɤɛɏɜŬ PFAS ɃɡůɑŬ 

ɈˊŮɟűɗɞɟɞůɞɡɚűɞɜɘəɧ ɞɝɨ PFBS, PFHxS, PFOS 

ɈˊŮɟűɗɞɟɞəŬɟɓɞɝɡɚɘəɎ ɞɝɏŬ PFBA, PFHxA, PFOA, PFNA, PFDA, 

PFUnDA 

 

ɄɑɜŬəŬɠ 1. 3: ɄŬɟŬŭŮɑɔɛŬŰŬ ˊɞɚɡűɗɞɟɘɤɛɏɜɤɜ PFAS (ȾȺɀȽ, 2024) 

ɄɞɚɡűɗɞɟɘɤɛɏɜŬ PFAS ɃɡůɑŬ 

ɄɟɧŭɟɞɛŮɠ ŮɜɩůŮɘɠ Űɤɜ PFSA əŬɘ PFCA 6:2 FTOH, 8:2 FTS 

 

1.5.3 PFAS ɀŬəɟɎɠ əŬɘ ȸɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ 

ȰɜŬɠ Ŭəɧɛɖ Űɟɧˊɞɠ əŬŰɖɔɞɟɘɞˊɞɑɖůɖɠ Űɤɜ PFAS ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ Űɤɜ Ŭɟɘɗɛɧ ŬŰɧɛɤɜ ɎɜɗɟŬəŬ 

ˊɞɡ ŭɘŬɗɏŰɞɡɜ ůŰɞ ɛɧɟɘɧ Űɞɡɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ ɃɟɔŬɜɘůɛɧ Ƀɘəɞɜɞɛɘəɐɠ ɆɡɜŮɟɔŬůɑŬɠ əŬɘ 

ȷɜɎˊŰɡɝɖɠ (OECD, 2018) [3], ɞ ɧɟɞɠ ɛŬəɟɎ ŬɚɡůɑŭŬ ŬɜŬűɏɟŮŰŬɘ ŬɜŰɑůŰɞɘɢŬ ůŰŬ:  

 



мт 
 

¶ ɈˊŮɟűɗɞɟɞŬɚəɡɚɞ-əŬɟɓɞɝɡɚɘəɎ ɞɝɏŬ (PFCAs), ɛŮ ŮˊŰɎ əŬɘ Ɏɜɤ ɎŰɞɛŬ ɎɜɗɟŬəŬ (ŭɖɚŬŭɐ 

ɛŮ ŮˊŰɎ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ ɡˊŮɟűɗɞɟɘɤɛɏɜɞɡɠ ɎɜɗɟŬəŮɠ).  

¶ ɈˊŮɟűɗɞɟɞŬɚəɡɚɞ-ůɞɡɚűɞɜɘəɎ ɞɝɏŬ (PFSAs), ɛŮ ɏɝɘ əŬɘ Ɏɜɤ ɎŰɞɛŬ ɎɜɗɟŬəŬ (ŭɖɚŬŭɐ 

ɛŮ ɏɝɘ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ ɡˊŮɟűɗɞɟɘɤɛɏɜɞɡɠ ɎɜɗɟŬəŮɠ).  

ȷɜŰɑůŰɞɘɢŬ, ɞ ɧɟɞɠ ɓɟŬɢŮɑŬ ŬɚɡůɑŭŬ ŬɜŬűɏɟŮŰŬɘ ůŰŬ: 

¶ ɈˊŮɟűɗɞɟɞŬɚəɡɚɞ-əŬɟɓɞɝɡɚɘəɎ ɞɝɏŬ (PFCAs), ɛŮ ɏɝɘ ɐ əŬɘ ɚɘɔɧŰŮɟŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ 

(ŭɖɚŬŭɐ ɛŮ ɏɝɘ ɐ ɚɘɔɧŰŮɟɞɡɠ ɡˊŮɟűɗɞɟɘɤɛɏɜɞɡɠ ɎɜɗɟŬəŮɠ).  

¶ ɈˊŮɟűɗɞɟɞŬɚəɡɚɞ-ůɞɡɚűɞɜɘəɎ ɞɝɏŬ (PFSAs), ɛŮ ˊɏɜŰŮ ɐ əŬɘ ɚɘɔɧŰŮɟŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ 

(ŭɖɚŬŭɐ ɛŮ ˊɏɜŰŮ ɐ ɚɘɔɧŰŮɟɞɡɠ ɡˊŮɟűɗɞɟɘɤɛɏɜɞɡɠ ɎɜɗɟŬəŮɠ) 

 

 
ɄɑɜŬəŬɠ 1. 4: ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɛŮ ɓɎůɖ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ŬɚɡůɑŭŬɠ (ITRC, 2023) 

 

 

1.6 ɉɟɐůŮɘɠ əŬɘ ˊŬɟɞɡůɑŬ PFAS ůŮ ́ɟɞɥɧɜŰŬ 

1.6.1 ɈˊŮɟűɗɞɟɞŬɚəɡɚɘəɎ ɃɝɏŬ - PFAAs 

ɇŬ PFAAs (Perfluoroalkyl Acids) ŮɑɜŬɘ ɡˊŮɟűɗɞɟɘɤɛɏɜŮɠ ŮɜɩůŮɘɠ ɧˊɞɡ ŰŬ ɎŰɞɛŬ űɗɞɟɑɞɡ ɏɢɞɡɜ 

ŬɜŰɘəŬŰŬůŰɐůŮɘ ɧɚŬ ŰŬ ɎŰɞɛŬ ɡŭɟɞɔɧɜɞɡ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɎŰɞɛŬ ɎɜɗɟŬəŬ (ŮəŰɧɠ Ŭˊɧ ŬɡŰɎ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ). ȿɧɔɤ Űɖɠ ɘůɢɨɞɠ Űɞɡ ŭŮůɛɞɨ ɎɜɗɟŬəŬ-űɗɞɟɑɞɡ, ŬɡŰɏɠ ɞɘ 

ŮɜɩůŮɘɠ ŮɑɜŬɘ ŬɜɗŮəŰɘəɏɠ əŬɘ ŮɝŬɘɟŮŰɘəɎ ŮˊɑɛɞɜŮɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. ɄŬɟŬŭŮɑɔɛŬŰŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

ŰŬ ɡˊŮɟűɗɞɟɞŬɚəɡɚɞəŬɟɓɞɝɡɚɘəɎ ɞɝɏŬ (PFCAs) ɧˊɤɠ Űɞ ɡˊŮɟűɗɞɟɞɞəŰŬɜɞɥəɧ ɞɝɨ (PFOA), ŰŬ 

ɡˊŮɟűɗɞɟɞŬɚəɡɚɞůɞɡɚűɞɜɘəɎ ɞɝɏŬ (PFSAs) ɧˊɤɠ Űɞ ɡˊŮɟűɗɞɟɞɞəŰŬɜɞůɞɡɚűɞɜɘəɧ ɞɝɨ (PFOS), 

ŰŬ ɡˊŮɟűɗɞɟɞŬɘɗŮɟɞəŬɟɓɞɝɡɚɘəɎ ɞɝɏŬ (PFECAs) ɧˊɤɠ Űɞ GenX, əŬɘ ŰŬ 

ɡˊŮɟűɗɞɟɞŬɘɗŮɟɞůɞɡɚűɞɜɘəɎ ɞɝɏŬ (PFESAs) ɧˊɤɠ Űɞ ADONA. ɄŬɟɧɚɞ ˊɞɡ ŰŬ PFAAs ŮɑɜŬɘ ɏɜŬ 

ɡˊɞůɨɜɞɚɞ Űɤɜ PFAS, ŬˊɞŰŮɚɞɨɜ ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ ŭɘɎůˊŬůɖɠ, ɓɞɖɗɖŰɘəɎ ɛɏůŬ ɐ ˊɟɩŰŮɠ ɨɚŮɠ 

ůŰɖɜ ˊŬɟŬɔɤɔɐ Ɏɚɚɤɜ ˊɟɞɥɧɜŰɤɜ, ɐ ˊɟɞůɛɑɝŮɘɠ Ɏɚɚɤɜ ɛŮɚɩɜ Űɖɠ əŬŰɖɔɞɟɑŬɠ PFAS . ȾɎˊɞɘŬ 

ɡˊŮɟűɗɞɟɞŬɘɗŮɟɞɝɏŬ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ əŬɚɚɡɜŰɘəɎ əŬɘ ɓŮɟɜɑəɘŬ [20], ŬɚɚɎ ŰŬ 

ˊŮɟɘůůɧŰŮɟŬ PFAAs ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɚɏɞɜ ŮůəŮɛɛɏɜŬ ůŮ əŬŰŬɜŬɚɤŰɘəɎ ˊɟɞɥɧɜŰŬ ůŰɘɠ 

ȼɄȷ əŬɘ Űɖɜ ȺȺ. ɄŬɟ' ɧɚŬ ŬɡŰɎ, ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ɡˊɞɚŮɘɛɛɎŰɤɜ ɐ ˊɟɞůɛɑɝŮɤɜ Ŭˊɧ PFAAs 

ɓɟɑůəɞɜŰŬɘ ůɡɜɐɗɤɠ ůŮ ŭɘɎűɞɟŬ əŬŰŬɜŬɚɤŰɘəɎ ˊɟɞɥɧɜŰŬ ŬɜɎ Űɞɜ əɧůɛɞ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ 

Űɤɜ ɟɞɨɢɤɜ, Űɤɜ Ůˊɑˊɚɤɜ əŬɘ Űɤɜ əŬɚɚɡɜŰɘəɩɜ. 
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ɆɢɐɛŬ 1. 3: ɄŬɟŬŭŮɑɔɛŬŰŬ ɏəɚɡůɖɠ PFAAs (ITRC, 2023) 

 

 

 

ɆɢɐɛŬ 1. 4: ɉɖɛɘəɐ ŭɞɛɐ ɛɞɟɑɞɡ PFOA əŬɘ PFOS (Meegoda, 2022) 
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ɆɢɐɛŬ 1. 5: ɉɖɛɘəɐ ŭɞɛɐ ɛɞɟɑɞɡ ADONA (ITRC, 2023) 

 

1.6.2 ɄɟɧŭɟɞɛŮɠ ŮɜɩůŮɘɠ Űɤɜ PFAAs 

ɄŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ Űɞ 85% ɧɚɤɜ Űɤɜ PFAS ŮɑɜŬɘ ˊɟɧŭɟɞɛŮɠ ŮɜɩůŮɘɠ PFAAs [3]. Ƀɘ ˊɟɧŭɟɞɛŮɠ 

ɞɡůɑŮɠ PFAA ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ ůŮ əŬŰŬɜŬɚɤŰɘəɎ ˊɟɞɥɧɜŰŬ, ɧˊɤɠ ɡɔɟɎ ŭɘŬɚɨɛŬŰŬ, 

əŬɗŬɟɘůŰɘəɎ ˊɟɞɥɧɜŰŬ, ɢɟɩɛŬŰŬ, ŮˊɘůŰɟɩůŮɘɠ, ɓŮɟɜɑəɘŬ, ɚɘˊŬɜŰɘəɎ, əŬɚɚɡɜŰɘəɎ əŬɘ ˊɟɞɥɧɜŰŬ 

ˊɟɞůɤˊɘəɐɠ űɟɞɜŰɑŭŬɠ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůˊɑůɖɠ ɤɠ ŮˊɘűŬɜŮɘŬəɏɠ ŮˊɘůŰɟɩůŮɘɠ ɔɘŬ ɡűɎůɛŬŰŬ əŬɘ 

ŭɏɟɛŬŰŬ. Ƀɘ ɛɖ ˊɞɚɡɛŮɟŮɑɠ ́ ɟɧŭɟɞɛŮɠ ɞɡůɑŮɠ PFAA ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůˊɑůɖɠ ɤɠ ɓɘɞəŰɧɜŬ ůŮ 

ˊɟɞɥɧɜŰŬ ɧˊɤɠ ŭɞɚɩɛŬŰŬ ɔɘŬ ɛɡɟɛɐɔəɘŬ əŬɘ ɎɚɚŬ űɡŰɞűɎɟɛŬəŬ  [4]. ɃɡůɑŮɠ ɧˊɤɠ ɞɘ ŮůŰɏɟŮɠ 

ˊɞɚɡűɗɞɟɞŬɚəɡɚɘəɩɜ űɤůűɞɟɘəɩɜ ɞɝɏɤɜ (PAPs) əŬɘ ɞɘ űɗɞɟɞŰŮɚɞɛŮɟɞŬɘɗɞɝɡɚɘəɏɠ ŮɜɩůŮɘɠ 

(FTEOs) ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ Ůɡɟɏɤɠ ůŰɞ ˊŬɟŮɚɗɧɜ. ȷˊɧ Űɘɠ Ŭɟɢɏɠ Űɞɡ 2000, ɞɘ əŬŰŬůəŮɡŬůŰɏɠ 

ɏɢɞɡɜ ɛŮŰŬɓŮɑ ůŮ ˊɞɚɡɛŮɟɐ ɛŮ ˊɚŮɡɟɘəɏɠ ŬɚɡůɑŭŮɠ űɗɞɟɑɞɡ (ˊ.ɢ., űɗɞɟɘɤɛɏɜŬ ŬəɟɡɚɘəɎ, 

ɛŮɗŬəɟɡɚɘəɎ, ɞɡɟŮɗɎɜɘŬ əŬɘ ɞɝŮŰɎɜɘŬ ˊɞɚɡɛŮɟɐ). ȷɡŰɎ ŰŬ ˊɞɚɡɛŮɟɐ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ 

ɤɠ ŬˊɤɗɖŰɘəɎ əŬɘ ɤɠ ́ ɟɧůɗŮŰŬ ůŮ ɡűɎůɛŬŰŬ əŬɘ ˊɟɞɥɧɜŰŬ ůɡůəŮɡŬůɑŬɠ Űɟɞűɑɛɤɜ. ɇŬ ɛŮɔɎɚŬ 

ɛɞɟɘŬəɎ ɛŮɔɏɗɖ ŬɡŰɩɜ Űɤɜ ˊɞɚɡɛŮɟɩɜ ŰŬ əŬɗɘůŰɞɨɜ ɚɘɔɧŰŮɟɞ ɓɘɞŭɘŬɗɏůɘɛŬ əŬɘ Ůˊɞɛɏɜɤɠ 

ɚɘɔɧŰŮɟɞ ˊɘɗŬɜɧ ɜŬ ˊɟɞəŬɚɏůɞɡɜ Űɞɝɘəɏɠ ŮˊɘŭɟɎůŮɘɠ. ɋůŰɧůɞ, ŮˊŮɘŭɐ ɞɘ ˊɚŮɡɟɘəɏɠ ŬɚɡůɑŭŮɠ Űɞɡɠ 

ŭŮɜ ŮɑɜŬɘ ɛɏɟɞɠ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ əɞɟɛɞɨ, ŭɘŬůˊɩɜŰŬɘ ůŮ ɛɖ ˊɞɚɡɛŮɟɘəɎ PFAS, əŬɘ Ůɜ ŰɏɚŮɘ ůŮ 

PFAAs ɤɠ ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ. ȼ ˊɚɐɟɖɠ ɡˊɞɓɎɗɛɘůɐ Űɞɡɠ ůŮ PFAAs ɡˊɧ ŭɘŬűɞɟŮŰɘəɏɠ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ ɛˊɞɟŮɑ ɜŬ ŭɘŬɟəɏůŮɘ ŭŮəŬŮŰɑŮɠ ɐ ŬɘɩɜŮɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŰŬ əŬɗɘůŰɎ 

ɛŬəɟɞɢɟɧɜɘŮɠ ˊɖɔɏɠ ɟɨˊŬɜůɖɠ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ Ŭəɧɛɖ əŬɘ ɛŮŰɎ Űɞ Űɏɚɞɠ Űɖɠ ɕɤɐɠ Űɤɜ 

ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ˊɟɞɥɧɜŰɤɜ [5],[14]. 
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ɆɢɐɛŬ 1. 6: ɄŬɟŬŭŮɑɔɛŬŰŬ ˊɟɧŭɟɞɛɤɜ ŮɜɩůŮɤɜ PFAAs (calEPA, 2021) 

 

ɆɢɐɛŬ 1. 7: ɄŬɟŬŭŮɑɔɛŬŰŬ ɛŮŰŬŰɟɞˊɐɠ 8:2 FTOH ůŮ PFOA əŬɘ PFHA (Bureau Veritas, 2018) 
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1.6.3 ūɗɞɟɞˊɞɚɡɛŮɟɐ 

ɇŬ űɗɞɟɞˊɞɚɡɛŮɟɐ ŮɑɜŬɘ ɛɧɟɘŬ ɛŮɔɎɚɞɡ ɛŮɔɏɗɞɡɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ 

űɗɞɟɘɤɛɏɜɤɜ ŬŰɧɛɤɜ ɎɜɗɟŬəŬ ůŰɞ ůəŮɚŮŰɧ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ. ȺɑɜŬɘ ɔɜɤůŰɎ ɔɘŬ Űɖɜ ŬɜŰɞɢɐ Űɞɡɠ 

əŬɘ ŭŮɜ ŭɘŬůˊɩɜŰŬɘ ůŮ PFAA ɡˊɧ ůɡɜɐɗŮɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ. ɋůŰɧůɞ, ɞɟɘůɛɏɜŬ PFAA 

ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ɓɞɖɗɖŰɘəɎ ɡɚɘəɎ, əŬŰɎ Űɖɜ ˊŬɟŬɔɤɔɐ əɎˊɞɘɞɜ ˊɟɞɥɧɜŰɤɜ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ɤɠ ́ɟɞůɛɑɝŮɘɠ ůŰɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ. Ⱥˊɘˊɚɏɞɜ, ŰŬ űɗɞɟɞˊɞɚɡɛŮɟɐ 

ŭɨɜŬŰŬɘ ɜŬ ŬˊŮɚŮɡɗŮɟɩůɞɡɜ PFCA, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ PFOA, ɧŰŬɜ əŬɑɔɞɜŰŬɘ ůŮ 

ɗŮɟɛɞəɟŬůɑŮɠ ɛŮŰŬɝɨ 180 əŬɘ 800 ÁC [19]. 

ɄŬɟŬŭŮɑɔɛŬŰŬ űɗɞɟɞˊɞɚɡɛŮɟɩɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ: 

¶ ɄɞɚɡŰŮŰɟŬűɗɞɟɞŬɘɗɡɚɏɜɘɞ (PTFE) 

¶ Ʉɞɚɡűɗɞɟɘɞɨɢɞ ɓɘɜɡɚɘŭɏɜɘɞ (PVDF) 

¶ Ʉɞɚɡűɗɞɟɘɞɨɢɞ ɓɘɜɨɚɘɞ (PVF) 

ɀŮɟɘəɎ űɗɞɟɞˊɞɚɡɛŮɟɐ, ɧˊɤɠ ŰŬ ˊŮɟűɗɞɟɞŬɚəɞɝɡŬɚəɎɜɘŬ (PFA) əŬɘ ŰŬ űɗɞɟɞŮɚŬůŰɞɛŮɟɐ, 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ ɏɜŬ ůɡɜŭɡŬůɛɧ ɡ́ ŮɟűɗɞɟɞŬɘɗŮɟɘəɩɜ ɛɞɜɞɛŮɟɩɜ əŬɘ ŮɑŰŮ 

ŰŮŰɟŬűɗɞɟɞŬɘɗɡɚɏɜɘɞ (TFE), ŮɑŰŮ ŮɝŬűɗɞɟɞˊɟɞˊɡɚɏɜɘɞ (HFP) [20]. ȷɡŰɎ ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ 

əŬŰŬŰɎůůɞɜŰŬɘ ɤɠ űɗɞɟɞˊɞɚɡɛŮɟɐ əŬɘ ɧɢɘ ɤɠ ɡ́ ŮɟűɗɞɟɞˊɞɚɡŬɘɗɏɟŮɠ (PFPEs) ŮˊŮɘŭɐ ɞɘ ŭŮůɛɞɑ 

ŬɘɗɏɟŬ ɓɟɑůəɞɜŰŬɘ ůŰɘɠ ˊɚŮɡɟɘəɏɠ ŬɚɡůɑŭŮɠ əŬɘ ɧɢɘ ůŰɞ ůəŮɚŮŰɧ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ. ɇŬ 

űɗɞɟɞˊɞɚɡɛŮɟɐ ŮɑɜŬɘ ˊɞɚɨŰɘɛŬ ɔɘŬ ŰŬ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ, ɧˊɤɠ ŬɜŰɞɢɐ ůŰɖɜ 

ˊŬɟɞɡůɑŬ ɢɖɛɘəɩɜ, ɗŮɟɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ, ŮɝŬɘɟŮŰɘəɏɠ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ŬɜŰɞɢɐ ůŰɞ ɜŮɟɧ 

əŬɘ ŰŬ ɏɚŬɘŬ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŮ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ, ɧˊɤɠ: 

¶ Ⱥɝɞˊɚɘůɛɧɠ ŮɝɤŰŮɟɘəɞɨ ɢɩɟɞɡ 

¶ ȼɚŮəŰɟɞɜɘəɎ ŮɝŬɟŰɐɛŬŰŬ 

¶ ɀŮɛɓɟɎɜŮɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɜŮɟɞɨ 

¶ ȼɛɘŬɔɤɔɞɑ 

¶ ȿɘˊŬɜŰɘəɎ 

¶ ɆəŮɨɖ ɛŬɔŮɘɟɘəɐɠ 

 

1.6.4 ɈˊŮɟűɗɞɟɞˊɞɚɡŬɘɗɏɟŮɠ (PFPEs) 

TŬ PFPEs ŮɑɜŬɘ ɞɡůɑŮɠ ɛŮɔɎɚɞɡ ɛɞɟɘŬəɞɨ ɛŮɔɏɗɞɡɠ (ɞɚɘɔɞɛŮɟɐ, ˊɞɚɡɛŮɟɐ) ́ɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 

ɎɜɗɟŬəŬ əŬɘ ɞɝɡɔɧɜɞ Ůɜɩ ŰŬ ɎŰɞɛŬ űɗɞɟɑɞɡ ŮɑɜŬɘ ɎɛŮůŬ ůɡɜŭŮŭŮɛɏɜŬ ɛŮ ŰŬ ɎŰɞɛŬ ɎɜɗɟŬəŬ. ȺɑɜŬɘ 

ŮɝŬɘɟŮŰɘəɎ ŬɜɗŮəŰɘəɏɠ ŮɜɩůŮɘɠ əŬɘ ŬˊɑɗŬɜɞ ɜŬ ɡˊɞŭɞɛɖɗɞɨɜ ůŮ PFAAs ůŰɞɜ ˊŮɟɘɓɎɚɚɞɜ. ɄŬɟɧɚŬ 

ŬɡŰɎ ŭɨɜŬŰŬɘ ɜŬ Ůəˊɏɛɣɞɡɜ ŮˊɘəɑɜŭɡɜŬ ˊɟɞɥɧɜŰŬ əŬŰɎ Űɖɜ əŬɨůɖ Űɞɡɠ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ 

ɞɟɘůɛɏɜŮɠ Ŭˊɧ Űɘɠ ɑŭɘŮɠ ŮűŬɟɛɞɔɏɠ ɛŮ ɎɚɚŬ ́ ɟɧŭɟɞɛŬ PFAAs əŬɘ ŰŬ űɗɞɟɞˊɞɚɡɛŮɟɐ ɧˊɤɠ ůŮ 

əŬɚɚɡɜŰɘəɎ əŬɘ ˊɟɞɥɧɜŰŬ ˊɟɞůɤˊɘəɐɠ űɟɞɜŰɑŭŬɠ, ůŮ ůɡůəŮɡŬůɑŮɠ Űɟɞűɑɛɤɜ, ɤɠ ŮˊɘůŰɟɩůŮɘɠ əŬŰɎ 

Űɤɜ ɚŮəɏŭɤɜ ɔɘŬ ɢŬɚɘɎ əŬɘ ŭɘɎűɞɟŬ ɚɘˊŬɜŰɘəɎ. 
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ɆɢɐɛŬ 1. 8: ɇɟɧˊɞɘ ůɨɜɗŮůɖɠ Űɤɜ əɨɟɘɤɜ əŬŰɖɔɞɟɘɩɜ PFPEs (OECD, 2024) 

 

1.7 ȹɘŬŭɘəŬůɑŮɠ ́ŬɟŬɔɤɔɐɠ PFAS 

ɇŬ PFAS ́ ŬɟɎɔɞɜŰŬɘ ůɡɜɐɗɤɠ ɛŮ ŭɨɞ ŭɘŬŭɘəŬůɑŮɠ: Űɖɜ ɖɚŮəŰɟɞɢɖɛɘəɐ űɗɞɟɑɤůɖ (ECF) əŬɘ Űɞɜ 

űɗɞɟɞŰŮɚɞɛŮɟɘůɛɧ. Ƀɘ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŮɠ ˊŬɟŬɔɤɔɐɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůŭɩ əŬɘ ˊɞɚɚɏɠ 

ŭŮəŬŮŰɑŮɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɡˊɎɟɢŮɘ ˊɚɖɗɩɟŬ ŭɘŬɗɏůɘɛɖɠ ˊɚɖɟɞűɞɟɑŬɠ ɔɘŬ ŰŬ ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ 

əŬɘ ŰŬ ɡˊɞˊɟɞɥɧɜŰŬ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ əŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ŬəɞɚɞɡɗŮɑ ɛɘŬ 

ůɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ Űɤɜ ŭɨɞ ŬɡŰɩɜ ŭɘŬŭɘəŬůɘɩɜ ˊŬɟŬɔɤɔɐɠ PFAS. 

1.7.1 ȼɚŮəŰɟɞɢɖɛɘəɐ űɗɞɟɑɤůɖ (ECF) 

ȼ ŭɘŬŭɘəŬůɑŬ ECF ɞŭɖɔŮɑ ůŰɖɜ ˊŬɟŬɔɤɔɐ Ůɜɧɠ ɛŮɑɔɛŬŰɞɠ ɔɟŬɛɛɘəɩɜ əŬɘ ŭɘŬəɚŬŭɘůɛɏɜɤɜ 

űɗɞɟɘɤɛɏɜɤɜ ɛɞɟɑɤɜ, ŭɘŬűɧɟɤɜ ɛɖəɩɜ ŬɚɡůɑŭŬɠ. ȼ ŬɜŬɚɞɔɑŬ ɔɟŬɛɛɘəɩɜ əŬɘ ŭɘŬəɚŬŭɘůɛɏɜɤɜ 

ɘůɞɛŮɟɩɜ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 70 ɏɤɠ 80% ɔɘŬ ɔɟŬɛɛɘəɎ əŬɘ 20 ɏɤɠ 30% ɔɘŬ ŭɘŬəɚŬŭɘůɛɏɜŬ ɘůɞɛŮɟɐ 

[14]. ȼ ŭɘŬŭɘəŬůɑŬ ɖɚŮəŰɟɞɢɖɛɘəɐɠ űɗɞɟɑɤůɖɠ ˊŬɟɎɔŮɘ ˊɞɘəɑɚŮɠ ˊɞůɧŰɖŰŮɠ PFAAs ɛŮ Ŭɟɘɗɛɧ 

ŬŰɧɛɤɜ ɎɜɗɟŬəŬ ˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 2 ɏɤɠ 10 (C2ïC10) [22]. ɃɟɘůɛɏɜŮɠ Ŭˊɧ Űɘɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ 

ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ, ɓŬůɑɕɞɜŰŬɘ ůŰɞ ɡˊŮɟűɗɞɟɞɞəŰɎɜɘɞ ůɞɡɚűɞɜɡɚɞűɗɞɟɑŭɘɞ (POSF), ɛɘŬ əɨɟɘŬ 

ˊɟɩŰɖ ɨɚɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ PFAS, ɧˊɤɠ Űɞ 

ɡˊŮɟűɗɞɟɞɞəŰŬɜɞůɞɡɚűɞɜɘəɧ ɞɝɨ (PFOS) əŬɘ ɎɚɚŮɠ ˊɟɩŰŮɠ ɨɚŮɠ ɧˊɤɠ ůɞɡɚűɞɜŬɛɑŭɘŬ, 

ůɞɡɚűɞɜŬɛɘŭɘəɏɠ ŬɚəɞɧɚŮɠ əŬɘ ůɡɜŬűɐ ɛɞɜɞɛŮɟɐ. 
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1.7.2 ūɗɞɟɞŰŮɚɞɛŮɟɘůɛɧɠ 

ȼ ŭŮɨŰŮɟɖ ůɖɛŬɜŰɘəɐ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ PFAS ŮɑɜŬɘ ɔɜɤůŰɐ ɤɠ űɗɞɟɞŰŮɚɞɛŮɟɘůɛɧɠ. ȼ 

ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŭɘəŬůɑŬ ɞŭɖɔŮɑ əŬŰɎ ɓɎůɖ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɔɟŬɛɛɘəɩɜ ɘůɞɛŮɟɩɜ ɛŮ ɕɡɔɧ Ŭɟɘɗɛɧ 

Ŭɚɡůɑŭɤɜ ɎɜɗɟŬəŬ ɤɠ əɨɟɘŬ ˊɟɞɥɧɜŰŬ, Ŭɜ əŬɘ ŭɨɜŬŰŬɘ ɜŬ ́ ŬɟŬɢɗɞɨɜ ɛŮɟɘəɏɠ ŬɚɡůɑŭŮɠ ɎɜɗɟŬəŬ 

ˊŮɟɘŰŰɞɨ Ŭɟɘɗɛɞɨ. ȼ ɞɜɞɛŬŰɞɚɞɔɑŬ Űɤɜ PFAS ́ ɞɡ ˊŬɟŬůəŮɡɎɕŮŰŬɘ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ 

ŰŮɚɞɛŮɟɘůɛɞɨ ɏɢŮɘ Űɖ ɛɞɟűɐ n:2 űɗɞɟɞŰŮɚɞɛŮɟɏɠ, ɧˊɞɡ Űɞ n ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ɛɐəɞɠ ŬɚɡůɑŭŬɠ 

ɡˊŮɟűɗɞɟɘɤɛɏɜɞɡ ɎɜɗɟŬəŬ əŬɘ Űɞ 2 ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ɛɖ űɗɞɟɘɤɛɏɜɞ ŬɘɗɎɜɘɞ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ 

Űɖ ɚŮɘŰɞɡɟɔɘəɐ ɞɛɎŭŬ, ɧˊɤɠ ŬɚəɞɧɚŮɠ, əŬɟɓɞɝɡɚɘəɎ. ə.ɚˊ. ɇŬ űɗɞɟɞŰŮɚɞɛŮɟɐ ˊŬɟɎɔɞɜŰŬɘ əɡɟɑɤɠ 

ůŮ ɛɐəɖ Ŭɚɡůɑŭɤɜ ɎɜɗɟŬəŬ 4:2-, 6:2-, 8:2- əŬɘ 10:2, Ŭɜ əŬɘ ɏɢɞɡɜ ́ ŬɟŬŰɖɟɖɗŮɑ ɛɐəɖ 12:2. ɋɠ 

ˊɟɩŰŮɠ ɨɚŮɠ ůŰɖ ŭɘŬŭɘəŬůɑŬ ŰŮɚɞɛŮɟɘůɛɞɨ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ˊɞɚɡɛŮɟɩɜ ˊɚŮɡɟɘəɐɠ ŬɚɡůɑŭŬɠ 

űɗɞɟɞŰŮɚɞɛŮɟɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɜɐɗɤɠ ŬɚəɞɧɚŮɠ ɐ ɘɤŭɑŭɘŬ űɗɞɟɞŰŮɚɞɛŮɟɩɜ [21],[22]. 
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ȾŮűɎɚŬɘɞ 2 - ɄŬɟɞɡůɑŬ əŬɘ ˊɖɔɏɠ ɟɨˊŬɜůɖɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ɜɤɟɑŰŮɟŬ ɖ Ůɛˊɞɟɘəɐ ɢɟɐůɖ Űɤɜ PFAS ɝŮəɑɜɖůŮ Ŭˊɧ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 1940 

əŬɘ ůɡɜŮɢɑɕŮŰŬɘ ɛɏɢɟɘ əŬɘ ůɐɛŮɟŬ. Ƀɘ ɘŭɘŬɑŰŮɟɞɘ ůɡɜŭɡŬůɛɞɑ Űɤɜ űɡůɘəɞɢɖɛɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ 

ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ŬˊɤɗɖŰɘəɧŰɖŰŬ ůŮ ɏɚŬɘŬ əŬɘ ɜŮɟɧ, ɖ ɢɖɛɘəɐ əŬɘ ɗŮɟɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡɠ 

əŬɘ ɞɘ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ ŰŬ əŬɗɘůŰɞɨɜ ŬˊŬɟŬɑŰɖŰŬ ůŮ ɏɜŬ Ůɡɟɨ űɎůɛŬ ˊɟɞɥɧɜŰɤɜ 

əŬɘ ŮűŬɟɛɞɔɩɜ ůŰɖ ůɨɔɢɟɞɜɖ Ůˊɞɢɐ. ɆɡɜɞɚɘəɎ ɏɢɞɡɜ ˊŬɟŬŰɖɟɖɗŮɑ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 200 

ŮűŬɟɛɞɔɏɠ ɔɘŬ ˊɎɜɤ Ŭˊɧ 1.400 ɛŮɛɞɜɤɛɏɜŬ PFAS [15]. ɆŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮɟɘəɞɑ Ŭˊɧ Űɘɠ əɡɟɘɧŰŮɟɞɡɠ ŰɞɛŮɑɠ ˊɞɡ ŬɡŰɎ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɗɩɠ əŬɘ 

ŮɜŭŮɘəŰɘəɎ ˊŬɟɎŭŮɘɔɛŬ ŮűŬɟɛɞɔɩɜ Űɞɡɠ ůŮ əɎɗŮ ŰɞɛɏŬ. 

 

ɄɑɜŬəŬɠ 2. 1: ȺɜŭŮɘəŰɘəɏɠ ŮűŬɟɛɞɔɏɠ əŬɘ ɢɟɐůŮɘɠ PFAS (ITRC, 2023) 

ɇɞɛɏŬɠ Ⱥɑŭɞɠ PFAS ɄŬɟɎŭŮɘɔɛŬ ɢɟɐůɖɠ PFAS 
ȷŮɟɞɜŬɡˊɖɔɘəɐ ɄɞɚɡɛŮɟɏɠ ȺɝŬɟŰɐɛŬŰŬ ɧˊɤɠ űɚɎɜŰɕŮɠ, ůɤɚɐɜŮɠ, 

əŬɚɩŭɘŬ 

ɀɖ-́ ɞɚɡɛŮɟɏɠ Ʉɟɞůɗɐəɖ PFOS ůŮ ɡŭɟŬɡɚɘəɎ ɡɔɟɎ 

ȷɡŰɞəɘɜɖŰɞɓɘɞɛɖɢŬɜɑŬ ɄɞɚɡɛŮɟɏɠ ȺɝŬɟŰɐɛŬŰŬ ɧˊɤɠ űɚɎɜŰɕŮɠ, ůɤɚɐɜŮɠ, 

əŬɚɩŭɘŬ 

ɀɖ-́ ɞɚɡɛŮɟɏɠ ɈűɎůɛŬŰŬ, ŮˊɘűŬɜŮɘŬəɏɠ ɓŬűɏɠ, ɛɞəɏŰŮɠ 

ɃɘəɞŭɞɛɘəɎ ɡɚɘəɎ ɄɞɚɡɛŮɟɏɠ ūɗɞɟɞˊɞɚɡɛŮɟɐ, PTFE, PVDF ůŮ 

ɡűɎůɛŬŰŬ, ɛŮɛɓɟɎɜŮɠ, ɛɏŰŬɚɚŬ, ˊɚŬəɎəɘŬ, 

əɧɚɚŮɠ, ˊɟɧůɗŮŰŬ ůŮ ɢɟɩɛŬŰŬ, ɓŮɟɜɑəɘŬ, 

ɓŬűɏɠ, ůűɟŬɔɘůŰɘəɎ 

 

ɀɖ-́ ɞɚɡɛŮɟɏɠ PASF əŬɘ űɗɞɟɞŰŮɚɞɛŮɟɐ, PFHxA ɤɠ 

ˊɟɧůɗŮŰŬ ůŮ ɢɟɩɛŬŰŬ, əŬɘ ŮˊɘűŬɜŮɘŬəɏɠ 

ŮˊɘůŰɟɩůŮɘɠ  

ɉɖɛɘəɐ ɓɘɞɛɖɢŬɜɑŬ ɀɖ-́ ɞɚɡɛŮɟɏɠ ɆŰŬɗŮɟɞˊɞɘɖŰɐɠ ɢɖɛɘəɩɜ ɞɡůɑɤɜ 

ɄɞɚɡɛŮɟɏɠ ūɗɞɟɞˊɞɚɡɛŮɟɐ ɔɘŬ Űɖɜ ŮˊɑůŰɟɤůɖ 

ŭŮɝŬɛŮɜɩɜ əŬɘ ůɤɚɐɜɤɜ ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ 

Űɖɠ ŬɜŰɞɢɐɠ ůŰɖ ŭɘɎɓɟɤůɖ əŬɘ ůŰɘɠ ɡɣɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ, ɡɚɘəɎ ůŰŮɔŬɜɞˊɞɑɖůɖɠ  

ɄŮŰɟŮɚŬɘɞɓɘɞɛɖɢŬɜɑŬ ɄɞɚɡɛŮɟɏɠ ȺˊɑůŰɟɤůɖ ůɤɚɖɜɩůŮɤɜ 

ɀɖ-́ ɞɚɡɛŮɟɏɠ ɉɟɐůɖ əŬŰɎ Űɖɜ Ůɝɧɟɡɝɖ  

ūŬɟɛŬəɞɓɘɞɛɖɢŬɜɑŬ ɄɞɚɡɛŮɟɏɠ ɄɞɚɡɛŮɟɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ŭɞɢŮɑŬ 

ŬɜŰɑŭɟŬůɖɠ əŬɘ ŬɜŬŭŮɡŰɐɟŮɠ  

ɀɖ-́ ɞɚɡɛŮɟɏɠ ɄɟɧůɗŮŰŬ ŮˊŮɝŮɟɔŬůɑŬɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 

ɛɘəɟɞˊɞɟɤŭɩɜ ůɤɛŬŰɘŭɑɤɜ, ˊɟɞůɗɏŰɤɜ əŬɘ 

ůɡůŰŬŰɘəɩɜ ůŮ ɞɟɘůɛɏɜɞɡɠ Űɨˊɞɡɠ 

űŬɟɛɎəɤɜ  

ȸɘɞɛɖɢŬɜɑŬ ɝɡɚŮɑŬɠ ɄɞɚɡɛŮɟɏɠ ɄɞɚɡɛŮɟɏɠ ɨűŬůɛŬ PFAS ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ 

ɚŮɨəŬɜůɖɠ 
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ɀɖ-́ ɞɚɡɛŮɟɏɠ ɅɖŰɑɜŮɠ  

ɄŬɟŬɔɤɔɐ ˊɚŬůŰɘəɩɜ əŬɘ ŮɚŬůŰɘəɩɜ ɄɞɚɡɛŮɟɏɠ ūɗɞɟɞˊɞɚɡɛŮɟɐ ɧˊɤɠ PTFE ɤɠ ɓɞɖɗɐɛŬŰŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ, ɤɠ ˊɟɩŰɖ ɨɚɖ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

ˊɚŬůŰɘəɩɜ əŬɘ əŬɞɡŰůɞɨə əŬɘ ɤɠ ŮɜŭɘɎɛŮůɞ 

ɡɚɘəɧ, ůŰɖɜ ˊŬɟŬɔɤɔɐ ɢɡŰŮɡɛɏɜɤɜ ɡɚɘəɩɜ  

ɀɖ-́ ɞɚɡɛŮɟɏɠ ɄɟɧůɗŮŰɞ ɔɘŬ Űɖ ɛŮɑɤůɖ  Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ 

ŰɎůɖɠ ɔɘŬ Ŭűɟɞɨɠ, ɢɎɟŬɝɖ ˊɚŬůŰɘəɞɨ əŬɘ 

ˊŬɟŬɔɤɔɐ əŬɞɡŰůɞɨə 

ɄŬɟŬɔɤɔɐ ɢŬɟŰɘɞɨ əŬɘ ůɡůəŮɡŬůɑŬɠ ɄɞɚɡɛŮɟɏɠ ūɗɞɟɘɤɛɏɜŬ ˊɞɚɡɛŮɟɐ ˊɚŮɡɟɘəɐɠ ŬɚɡůɑŭŬɠ, 

PFPE  ůŮ ɢŬɟŰɑ, ɢŬɟŰɧɜɘ, ɢɡŰŮɡɛɏɜŬ 

ˊɟɞɥɧɜŰŬ ˊɞɚŰɞɨ ˊɞɡ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ 

ŰɟɧűɘɛŬ, ůŬəɞɨɚŮɠ LDPE 

ɀɖ-́ ɞɚɡɛŮɟɏɠ ȯɚŬŰŬ űɤůűɞɟɘəɩɜ ŮůŰɏɟɤɜ (ŮůŰŮɟɞˊɞɑɖůɖ 

PASF ɐ Ŭɚəɞɞɚɩɜ ɛŮ ɓɎůɖ űɗɞɟɞŰŮɚɞɛŮɟɐ) 

ȽŬŰɟɘəɎ ˊɟɞɥɧɜŰŬ  ɄɞɚɡɛŮɟɏɠ ūɗɞɟɞˊɞɚɡɛŮɟɐ ɧˊɤɠ PTFE ɢŮɘɟɞɡɟɔɘəɎ 

ŮˊɘɗɏɛŬŰŬ, əŬɟŭɘŬɔɔŮɘŬəɎ ɛɞůɢŮɨɛŬŰŬ, 

əŬɗŮŰɐɟŮɠ, ůŰŮɜŰ, ɟɎɛɛŬŰŬ, ɓŮɚɧɜŮɠ, 

ɛŮɛɓɟɎɜŮɠ ŬɘɛɞəɎɗŬɟůɖɠ 

ɀɖ-́ ɞɚɡɛŮɟɏɠ ūɘɚɛ ŬəŰɘɜɞɔɟŬűɑŬɠ, ɡŭŬŰɞŬˊɤɗɖŰɘəɎ 

ˊɟɞůŰŬŰŮɡŰɘəɎ ɘŬŰɟɘəɎ ɡűɎůɛŬŰŬ, ́ ɟɞɥɧɜŰŬ 

ˊŮɟɘˊɞɑɖůɖɠ ŮɔəŬɡɛɎŰɤɜ 

ɃɘəɘŬəɎ ˊɟɞɘɧɜŰŬ əŬɘ əŬɗŬɟɘůŰɘəɎ ɄɞɚɡɛŮɟɏɠ ūɗɞɟɞˊɞɚɡɛŮɟɐ ɧˊɤɠ PTFE, űɗɞɟɘɞɨɢŬ 

ˊɞɚɡɛŮɟɐ ˊɚŮɡɟɘəɐɠ ŬɚɡůɑŭŬɠ ůŮ 

ŬɜŰɘəɞɚɚɖŰɘəɎ ůəŮɨɖ, əɚɤůŰɞɦűŬɜŰɞɡɟɔɘəɎ 

ˊɟɞɥɧɜŰŬ, ŰŬˊŮŰůŬɟɑŮɠ, ɢŬɚɘɎ əŬɘ ŭɏɟɛŬ  

ɀɖ-́ ɞɚɡɛŮɟɏɠ PFAAs, PFDA, PFPAs űɗɞɟɞŰŮɚɞɛŮɟɐ, ůŮ 

ŰŬˊŮŰůŬɟɑŮɠ, ɢŬɚɘɎ əŬɘ ŭɏɟɛŬ, ŮˊɘůŰɟɩůŮɘɠ 

əŬɘ űɘɜɘɟɑůɛŬŰŬ ŭŬˊɏŭɞɡ, əŬɗŬɟɘůŰɘəɎ, 

əŮɟɘɎ ŬɡŰɞəɘɜɐŰɞɡ, ŬɜŰɘŬɜŬəɚŬůŰɘəɏɠ 

ŮˊɘəŬɚɨɣŮɘɠ 

ɄɡɟɞůɓŮůŰɘəɎ Ůɑŭɖ ɄɞɚɡɛŮɟɏɠ ūɗɞɟɞˊɞɚɡɛŮɟɐ ůŮ Ůɝɞˊɚɘůɛɧ ˊɡɟɧůɓŮůɖɠ 

əŬɘ ˊɟɞůŰŬŰŮɡŰɘəɎ ɟɞɨɢŬ  

ɀɖ-́ ɞɚɡɛŮɟɏɠ ɈŭɟɧűɞɓŮɠ ŮˊɘůŰɟɩůŮɘɠ əŬɘ ɡɚɘəɎ, ɛŮɟɘəɞɑ 

Ŭűɟɞɑ əŬŰɖɔɞɟɑŬɠ ȸ 

ɄŬɟŬɔɤɔɐ ɖɚŮəŰɟɞɜɘəɩɜ Ůɘŭɩɜ  ɄɞɚɡɛŮɟɏɠ ɀŮɛɓɟɎɜŮɠ űɗɞɟɞˊɞɚɡɛŮɟɩɜ (ɧˊɤɠ FEP, 

PVDF) ɔɘŬ əɎɚɡɣɖ ůɡɚɚŮəŰɩɜ ɖɚɘŬəɩɜ 

ˊɎɜŮɚ, əɡɣɏɚŮɠ əŬɡůɑɛɞɡ ɖɚŮəŰɟɞɚɡŰɩɜ 

ɀɖ-́ ɞɚɡɛŮɟɏɠ ȼɚŮəŰɟɞɚɨŰŮɠ ůŮ əɡɣɏɚŮɠ əŬɡůɑɛɞɡ əŬɘ 

ɛˊŬŰŬɟɑŮɠ 

ȾŬŰŬůəŮɡɐ ɖɛɘŬɔɤɔɩɜ ɄɞɚɡɛŮɟɏɠ ɄɟɩŰŮɠ ɨɚŮɠ Ůɝɞˊɚɘůɛɞɨ ɔɘŬ wafers, ɢɟɐůɖ 

ɤɠ ɡɔɟɎ ůŮ ŬɜŰɚɑŮɠ əŮɜɞɨ 

ɀɖ-́ ɞɚɡɛŮɟɏɠ ɉɟɐůɖ PFOS ůŰɖɜ əŬŰŬůəŮɡɐ Űůɘˊ 

ɖɛɘŬɔɤɔɩɜ 

ȸɘɞɛɖɢŬɜɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ Űɟɞűɑɛɤɜ  ɄɞɚɡɛŮɟɏɠ ūɗɞɟɞˊɞɚɡɛŮɟɐ ɔɘŬ Ůˊɏɜŭɡůɖ ŭɑůəɤɜ, 

űɞɨɟɜɤɜ, ɣɖůŰŬɟɘɩɜ 

ɀɖ-́ ɞɚɡɛŮɟɏɠ ȺˊɘəŬɚɨɣŮɘɠ ůŮ ůɡůəŮɡŬůɑŬ Űɟɞűɑɛɤɜ 
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ȼ ŮəŰŮŰŬɛɏɜɖ ɢɟɐůɖ Űɤɜ PFAS ɏɢŮɘ ůɡɛɓɎɚŮɘ ůɖɛŬɜŰɘəɎ ůŰɖɜ ˊŬɟɞɡůɑŬ Űɞɡɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. 

Ȱɢɞɡɜ ŬɜɘɢɜŮɡɗŮɑ ůŮ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ 

ŮˊɘűŬɜŮɘŬəɩɜ ɡŭɎŰɤɜ, Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ, Űɤɜ ɚɡɛɎŰɤɜ, Űɤɜ ůŰŮɟŮɩɜ ŬˊɞɓɚɐŰɤɜ, əŬɘ Űɞɡ 

ŮŭɎűɞɡɠ. Ƀɘ ˊɖɔɏɠ ɟɨˊŬɜůɖɠ, ůŰɘɠ ɞˊɞɑŮɠ ɔɑɜŮŰŬɘ ŬɜŬɚɡŰɘəɧŰŮɟɖ ŬɜŬűɞɟɎ ůŰɖɜ ůɡɜɏɢŮɘŬ, ɏɢɞɡɜ 

Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ůɖɛŬɜŰɘəɏɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ, ɛŮ ɓɎůɖ, ŰŬ Ůɑŭɖ əŬɘ Űɘɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ PFAS əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ˊɘɗŬɜɐɠ ɏəɚɡůɖɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ 

ŬɡŰɎ. Ƀɘ ˊɖɔɏɠ əŬɘ ɖ ɏəŰŬůɖ Űɖɠ ɏəɚɡůɖɠ PFAS ŮɑɜŬɘ ŮɡɟŮɑŮɠ əŬɘ ˊɞɘəɑɚŮɠ, ŬɚɚɎ ůŮ ɔŮɜɘəɏɠ 

ɔɟŬɛɛɏɠ ɛˊɞɟɞɨɜ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗɞɨɜ ůŮ ŰɏůůŮɟɘɠ əɨɟɘŮɠ ɞɛɎŭŮɠ:  

¶ ȸɘɞɛɖɢŬɜɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ ˊɞɡ ˊŬɟɎɔɞɡɜ, ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ɐ ɢɟɖůɘɛɞˊɞɘɞɨɜ PFAS  

¶ ȺɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ŭɘŬɢŮɑɟɘůɖɠ ůŰŮɟŮɩɜ ŬˊɞɓɚɐŰɤɜ  

¶ ȺɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ əŬɘ ɞɘ ůɢŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ Ŭˊɧɟɟɘɣɐɠ Űɞɡɠ.  

¶ ɉɟɐůɖ əŬɘ ŬˊɞɗɐəŮɡůɖ Ŭűɟɩɜ ˊɡɟɧůɓŮůɖɠ əŬŰɖɔɞɟɑŬɠ ȸ (Class B AFFF) [51] 

 

2.1 ȸɘɞɛɖɢŬɜɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ ˊɞɡ ˊŬɟɎɔɞɡɜ, ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ ɐ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ PFAS  

Ƀɘ ɓɘɞɛɖɢŬɜɘəɏɠ ˊɖɔɏɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ˊɟɤŰɞɔŮɜŮɑɠ əŬɘ ŭŮɡŰŮɟɞɔŮɜŮɑɠ ŮɔəŬŰŬůŰɎůŮɘɠ ˊŬɟŬɔɤɔɐɠ, 

ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ɢɟɐůɖɠ PFAS. ɋɠ ˊɟɤŰɞɔŮɜŮɑɠ ŮɔəŬŰŬůŰɎůŮɘɠ ́ ŬɟŬɔɤɔɐɠ ɞɟɑɕɞɜŰŬɘ ŮəŮɑɜŮɠ 

ɧˊɞɡ ůɡɜŰɑɗŮɜŰŬɘ əŬɘ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ŮɜɩůŮɘɠ PFAS ɐ ɧˊɞɡ ŮɜɩůŮɘɠ ŬɡŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ 

ɓɞɖɗɖŰɘəɎ ɛɏůŬ ŮˊŮɝŮɟɔŬůɑŬɠ ůŰɖɜ ˊŬɟŬɔɤɔɐ űɗɞɟɞˊɞɚɡɛŮɟɩɜ əŬɘ Ɏɚɚɤɜ ŮɜɩůŮɤɜ. Ƀɘ 

ŭŮɡŰŮɟɞɔŮɜŮɑɠ ŮɔəŬŰŬůŰɎůŮɘɠ ˊŬɟŬɔɤɔɐɠ ŮɜŭɏɢŮŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ űɗɞɟɞˊɞɚɡɛŮɟɐ əŬɘ ɡɚɘəɎ 

ɛŮ ɓɎůɖ ŰŬ PFAS ɤɠ ɛɏɟɞɠ Űɤɜ ɓɘɞɛɖɢŬɜɘəɩɜ Űɞɡɠ ŭɘŬŭɘəŬůɘɩɜ ɐ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Ɏɚɚɤɜ 

ˊɟɞɥɧɜŰɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ Ůɜ ůɡɜŰɞɛɑŬ ŭɘɎűɞɟŮɠ ɓɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ əŬɘ 

ɢɟɐůŮɘɠ ˊɟɞɥɧɜŰɤɜ, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŭɨɜŬŰŬɘ ɜŬ ˊɟɞəɚɖɗŮɑ ŬˊŮɚŮɡɗɏɟɤůɖ PFAS ůŰɞ ˊŮɟɘɓɎɚɚɞɜ 

[14],[52]. 

 

¶ ȾŬŰŬůəŮɡŬůŰɘəɎ ɡɚɘəɎ  

ɇŬ ɢɖɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ PFAS ɏɢɞɡɜ ɞŭɖɔɐůŮɘ ůŰɖɜ Ůɝɏɚɘɝɖ əŬɘ ɢɟɐůɖ ɜɏɤɜ ɞɘəɞŭɞɛɘəɩɜ 

əŬɘ əŬŰŬůəŮɡŬůŰɘəɩɜ ɡɚɘəɩɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

ůɡɜɗŮŰɘəɞɨ ɝɨɚɞɡ əŬɘ ɞɟɘůɛɏɜɤɜ Űɨˊɤɜ əŰɘɟɘŬəɩɜ ɛɞɜɩůŮɤɜ. Ⱥˊɑůɖɠ, ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ůŰɖɜ ˊŬɟŬɔɤɔɐ ůəɡɟɞŭɏɛŬŰɞɠ. ȯɚɚŮɠ ɢɟɐůŮɘɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɢɟɩɛŬŰŬ, ɓŮɟɜɑəɘŬ, ɓŬűɏɠ əŬɘ 

ɛŮɚɎɜɘŬ əŬɗɩɠ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ɓŮɚŰɘɩɜɞɡɜ Űɖ ɔɡŬɚɎŭŬ Ůɜɩ ˊɟɞůŭɑŭɞɡɜ ŬɜŰɘůŰŬŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ [14],[15]. 

 

¶ ɈɚɘəɎ ůɡůəŮɡŬůɑŬɠ Űɟɞűɑɛɤɜ 

ɇŬ PFAS ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ůɡůəŮɡŬůɑŮɠ Űɟɞűɑɛɤɜ ɔɘŬ Űɖ ůɡɔəɟɎŰɖůɖ Űɤɜ ɚɘɩ́ɜ əŬɘ 

ŮɚŬɑɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɏɢɞɡɜ ŬɜɘɢɜŮɡɗŮɑ ůŮ ɡɚɘəɎ ɧˊɤɠ ɢŬɟŰɑ əŬɘ ɢŬɟŰɧɜɘ ůŮ əɞɡŰɘɎ ˊɑŰůŬɠ, 

ůŬəɞɨɚŮɠ popcorn ɔɘŬ űɞɨɟɜɞ ɛɘəɟɞəɡɛɎŰɤɜ, ɢŬɟŰɑ ˊŮɟɘŰɡɚɑɔɛŬŰɞɠ űŬɔɖŰɞɨ, ɢɎɟŰɘɜŬ ˊɞŰɐɟɘŬ, 
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ůŬəɞɨɚŮɠ Ŭˊɧ Űɟɞűɏɠ əŬŰɞɘəɘŭɑɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŰŬ PFAS ́ɞɡ ŬɜɘɢɜŮɨɞɜŰŬɘ ůɡɢɜɧŰŮɟŬ ůŮ 

ˊŮɟɘŰɡɚɑɔɛŬŰŬ fast food ůŰɘɠ ȼɄȷ ˊŮɟɘɚŬɛɓɎɜɞɡɜ PFOA, PFHxA, PFBS əŬɘ 6:2 FTS [14]. 

 

¶ ȺˊŮɝŮɟɔŬůɑŬ ɡűŬůɛɎŰɤɜ, ŭɏɟɛŬŰɞɠ, ɢŬɚɘɩɜ əŬɘ Ůˊɑˊɚɤɜ 

ɄɞɘəɑɚŮɠ ŮɜɩůŮɘɠ PFAS ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɡűŬůɛɎŰɤɜ, 

ŭɏɟɛŬŰɞɠ, ɢŬɚɘɩɜ əŬɘ ŰŬˊŮŰůŬɟɑŮɠ Ůˊɑˊɚɤɜ. ȺɘŭɘəɧŰŮɟŬ, ɚɧɔɤ Űɤɜ ɘŭɘŬɑŰŮɟɤɜ űɡůɘəɞɢɖɛɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ Űɞɡɠ, ŬɡŰɎ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ ɡɚɘəɩɜ ŬɜɗŮəŰɘəɩɜ ůŮ ɚŮəɏŭŮɠ. Ⱥˊɑůɖɠ, ɛɖ 

ˊɞɚɡɛŮɟɐ PFAS ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ŮűŬɟɛɞɔɏɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŮˊŬɔɔŮɚɛŬŰɘəɧ ɟɞɡɢɘůɛɧ 

ˊɟɞůŰŬůɑŬɠ, ŮɜŭɨɛŬŰŬ, ɡˊɞŭɐɛŬŰŬ, ɞɛˊɟɏɚŮɠ. ȺɜŰɞˊɑɕɞɜŰŬɘ Ůˊɑůɖɠ ůŮ ɢɖɛɘəɎ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞ ůŰŮɔɜɧ əŬɗɎɟɘůɛŬ, ɐ əŬɘ ŰŬ ŬˊɧɜŮɟŬ Ŭˊɧ Űɞɜ əŬɗŬɟɘůɛɧ Űɤɜ ɢŬɚɘɩɜ. 

Ⱥˊɘˊɚɏɞɜ, ŮɑɜŬɘ ˊŬɟɧɜŰŬ ůŮ ˊɟɞɥɧɜŰŬ ˊŮɟɘˊɞɑɖůɖɠ ɡűŬůɛɎŰɤɜ əŬɘ ɢŬɚɘɩɜ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ 

ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛŬ ůŰɞɡɠ əŬŰŬɜŬɚɤŰɏɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɩůŰŮ ɜŬ ŭɘŬŰɖɟɞɨɜ Űɖɜ 

ŬˊɤɗɖŰɘəɧŰɖŰŬ Űɞɡɠ ůŮ ɚŮəɏŭŮɠ əŬɘ ɜŮɟɧ ůɡɢɜɎ ˊŮɟɘɏɢɞɡɜ PFAS. ȼ űɡůɘɞɚɞɔɘəɐ űɗɞɟɎ Űɤɜ 

ˊŬɟŬˊɎɜɤ ˊɟɞɥɧɜŰɤɜ, ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŰɖɜ ˊŬɟɞɡůɑŬ PFAS ůŰɞɜ ŬɏɟŬ ɛŮ Űɖ ɛɞɟűɐ ůəɧɜɖɠ. 

ȰɟŮɡɜŬ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞ 2009 Ŭˊɧ Űɖɜ USEPA əŬɘ Űɖɜ Arcadis ŬŮ́űɎɜɗɖ ɧŰɘ ŬˊɞŰŮɚɞɨɜ 

ůɖɛŬɜŰɘəɐ ˊɖɔɐ ɏəɗŮůɖɠ PFAS ůŰŬ ůˊɑŰɘŬ Űɤɜ ȷɛŮɟɘəŬɜɩɜ. Ʉɚɏɞɜ, ˊɞɚɚɎ ɡűɎůɛŬŰŬ, 

ŰŬˊŮŰůŬɟɑŮɠ əŬɘ ɢŬɚɘɎ ˊŬɟɎɔɞɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ŰŬ 

PFAS ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ [4],[54]. 

 

¶ ɄɚŬůŰɘəɎ, ŮɚŬůŰɘəɎ əŬɘ ɟɖŰɑɜŮɠ 

ɇŬ PFAS ŮɝɡˊɖɟŮŰɞɨɜ ˊɞɚɚŬˊɚɞɨɠ ɟɧɚɞɡɠ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ ˊɚŬůŰɘəɞɨ, ɧˊɤɠ Űɞ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ 

ɤɠ ˊŬɟɎɔɞɜŰŮɠ ŬˊŮɚŮɡɗɏɟɤůɖɠ Ŭˊɧ əŬɚɞɨˊɘŬ ɔɘŬ ɗŮɟɛɞˊɚŬůŰɘəɎ, ˊɞɚɡˊɟɞˊɡɚɏɜɘɞ, ŮˊɞɝŮɘŭɘəɏɠ 

ɟɖŰɑɜŮɠ ŬɚɚɎ əŬɘ ůŰɖ ɢɨŰŮɡůɖ Ŭűɟɞɨ ˊɞɚɡɞɡɟŮɗɎɜɖɠ. Ⱥˊɘˊɚɏɞɜ, ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŮ 

ŬɜŰɘɞɝŮɘŭɤŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ɔɘŬ ɓɞɡɚəŬɜɘůɛɏɜŬ əŬɘ ɛɖ ɓɞɡɚəŬɜɘůɛɏɜŬ əŬɞɡŰůɞɨə, əŬɗɩɠ əŬɘ 

ůŮ ůűɟŬɔɘůŰɘəɎ Ŭˊɧ ůɘɚɘəɧɜɖ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ Ŭˊɧŭɞůɐɠ Űɞɡɠ. ɇŬ űɗɞɟɞˊɞɚɡɛŮɟɐ, ŰŬ ɞˊɞɑŬ 

ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬŰɟŬˊɞɨɜ ůŮ ɑɜŮɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ŭɘŬűɧɟɤɜ əŬŰŬɜŬɚɤŰɘəɩɜ 

əŬɘ ɓɘɞɛɖɢŬɜɘəɩɜ ˊɟɞɥɧɜŰɤɜ. ȼ ŮˊɘűŬɜŮɘŬəɐ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ ɛŮ űɗɞɟɘɤɛɏɜŮɠ  

ŮɜɩůŮɘɠ ŮɜɘůɢɨŮɘ Űɖɜ ŬɜŰɞɢɐ Űɞɡ ůŮ ɞɟɔŬɜɘəɏɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ, ɛŮɘɩɜɞɜŰŬɠ Űɖ ŭɘŬɚɡŰɧŰɖŰŬ ŬɡŰɩɜ 

Űɤɜ ɡɔɟɩɜ ůŰɞ ˊɚŬůŰɘəɧ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ ɏŰůɘ Űɖ ŭɘŮɑůŭɡůɐ Űɞɡɠ ůŰɞ ɡɚɘəɧ. ȷɡŰɧ ŰŬ əŬɗɘůŰɎ 

ɘŭŬɜɘəɎ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŭɞɢŮɑɤɜ əŬŰɎɚɚɖɚŬ ɔɘŬ Űɖ űɨɚŬɝɖ ˊɞɚɚɩɜ ɢɖɛɘəɩɜ ɞɡůɘɩɜ [29].  

 

¶ ȺɜŰɞɛɞəŰɧɜŬ əŬɘ ɕɘɕŬɜɘɞəŰɧɜŬ 

ɇŬ PFAS ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ŮɜŮɟɔɎ əŬɘ ŬŭɟŬɜɐ ůɡůŰŬŰɘəɎ ůŮ űɡŰɞűɎɟɛŬəŬ. ɇŬ ŮɜŮɟɔɎ 

ůɡůŰŬŰɘəɎ ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ŮɝɞɜŰɩɜɞɡɜ ɎɛŮůŬ ŰŬ ˊŬɟɎůɘŰŬ, Ůɜɩ ŰŬ ŬɜŮɜŮɟɔɎ ůɡůŰŬŰɘəɎ ɓɞɖɗɞɨɜ 

Űɞ ŮɜŮɟɔɧ ůɡůŰŬŰɘəɧ ɜŬ űŰɎůŮɘ ɐ ɜŬ ˊŬɟŬɛŮɑɜŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ˊɞɡ ˊɟɞɞɟɑɕŮŰŬɘ. ɉŬɟŬəŰɖɟɘůŰɘəɎ 

ˊŬɟŬŭŮɑɔɛŬŰŬ ŬŭɟŬɜɩɜ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ ůɡůŰŬŰɘəɩɜ űɡŰɞűŬɟɛɎəɤɜ ŬˊɞŰŮɚɞɨɜ ŰŬ PFPAs 

əŬɘ PFPIAs. Ⱥˊɘˊɚɏɞɜ, ˊŬŰɏɜŰŮɠ ŮɡɟŮůɘŰŮɢɜɑŬɠ ɡˊɞŭŮɘəɜɨɞɡɜ Űɖɜ ŮˊŬɜŮɘɚɖɛɛɏɜɖ ɢɟɐůɖ Űɞɡɠ ɤɠ 
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ˊŬɟɎɔɞɜŰŮɠ ŭɘɎůˊŬůɖɠ Ŭűɟɞɨ ɔɘŬ ɛŮɑɔɛŬŰŬ ɕɘɕŬɜɘɞəŰɧɜɤɜ, ɛɡəɖŰɞəŰɧɜɤɜ ɐ ŮɜŰɞɛɞəŰɧɜɤɜ, ɏŰůɘ 

ɩůŰŮ, ɧŰŬɜ ɣŮəɎɕɞɜŰŬɘ, ŰŬ űɨɚɚŬ ɜŬ ɡɔɟŬɑɜɞɜŰŬɘ ɞɛɞɘɧɛɞɟűŬ. ɇŬ PAPs, ɛɘŬ ɞɛɎŭŬ 

ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ ɞɡůɘɩɜ ɛŮ ɓɎůɖ Űɘɠ űɗɞɟɞŰŮɚɞɛŮɟŮɑɠ ŬɚəɞɧɚŮɠ (FTOH), ŮɑɢŬɜ Ůˊɑůɖɠ 

ŮɔəɟɘɗŮɑ ɔɘŬ ɢɟɐůɖ ɤɠ ŬŭɟŬɜɐ ůɡůŰŬŰɘəɎ. ɇɞ 2006, ɖ USEPA ŬɜɏůŰŮɘɚŮ Űɖ ɢɟɐůɖ Űɞɡɠ, ɛŮ Űɖɜ 

ŬˊɧűŬůɖ ɜŬ ŰŮɗŮɑ ůŮ ɘůɢɨ Űɞ 2008 [29].  

 

¶ ɄŮŰɟŮɚŬɘɞɓɘɞɛɖɢŬɜɑŬ 

ɇŬ PFAS ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɎ ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ ŬɜɎəŰɖůɖɠ ˊŮŰɟŮɚŬɑɞɡ ɐ 

űɡůɘəɞɨ ŬŮɟɑɞɡ Ŭˊɧ ɔŮɤŰɟɐůŮɘɠ. ȸŮɚŰɘɩɜɞɡɜ Űɖ ŭɘŬɓɟɞɢɐ Űɞɡ ɡˊŮŭɎűɞɡɠ, Űɟɞˊɞˊɞɘɞɨɜ Űɘɠ 

ɘŭɘɧŰɖŰŮɠ Űɞɡ ŰŬɛɘŮɡŰɐɟŬ Űɞɡ əɞɘŰɎůɛŬŰɞɠ, ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ ŰɎůɖ Űɞɡ ɡɔɟɞɨ əŬɘ Űɞ 

űŬɘɜɧɛŮɜɞ Űɞɡ Ŭűɟɘůɛɞɨ ɚɧɔɤ Űɤɜ ˊɟɧůɗŮŰɤɜ ɢɖɛɘəɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ 

Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Ůɝɧɟɡɝɖɠ. ɄɞɚɡɛŮɟŮɑɠ ŮɜɩůŮɘɠ PFAS ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

ŮɚŬůŰɞɛŮɟɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɞɜ Ůɝɞˊɚɘůɛɧ Ůɝɧɟɡɝɖɠ əŬɘ ŮɘŭɘəɧŰŮɟŬ ɤɠ ůŰŮɔɜɤŰɘəɎ ůŮ 

ɎɝɞɜŮɠ, űɚɎɜŰɕŮɠ, ɏɛɓɞɚŬ ŬɜŰɚɘɩɜ ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ŬˊɩɚŮɘŬ ɡɔɟɩɜ. Ⱥˊɑůɖɠ, ɏɢŮɘ ŭɘŮɟŮɡɜɖɗŮɑ ɖ 

ɢɟɐůɖ Űɞɡɠ ɤɠ ɘɢɜɖɗɏŰŮɠ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ŮˊɘəɞɘɜɤɜɑŬɠ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůŰɟɤɛɎŰɤɜ. ɀɘŬ 

ˊɘɞ ɘŭɘŬɑŰŮɟɖ ŮűŬɟɛɞɔɐ ŬˊɞŰŮɚŮɑ ɖ ɢɟɐůɖ əɧəəɤɜ ůɘŰɖɟɩɜ ŮˊŮɝŮɟɔŬůɛɏɜŬ ɛŮ PFAS, ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ɡɔɟɞɨ ůŮ ŭŮɝŬɛŮɜɏɠ ŬˊɞɗɐəŮɡůɖɠ ˊŮŰɟŮɚŬɥəɩɜ ˊɟɞɥɧɜŰɤɜ ɔɘŬ Űɖ ɛŮɑɤůɖ Űɤɜ 

ŬˊɤɚŮɘɩɜ ɚɧɔɤ ŮɝɎŰɛɘůɖɠ [29].  

 

2.2 ȺɔəŬŰŬůŰɎůŮɘɠ ȹɘŬɢŮɑɟɘůɖɠ ɆŰŮɟŮɩɜ ȷˊɞɓɚɐŰɤɜ 

ȼ ŬˊŮɚŮɡɗɏɟɤůɖ PFAS ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ůɡɜŭɏŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɛŮ Űɖ ŭɘŬɢŮɑɟɘůɖ ůŰŮɟŮɩɜ 

ŬˊɞɓɚɐŰɤɜ, ɧˊɤɠ Űɖɜ Ŭˊɧɟɟɘɣɖ ŬůŰɘəɩɜ əŬɘ ɓɘɞɛɖɢŬɜɘəɩɜ ŬˊɞɓɚɐŰɤɜ ůŮ ɢɩɟɞɡɠ ɡɔŮɘɞɜɞɛɘəɐɠ 

ŰŬűɐɠ ɐ Ɏɚɚɞɡɠ ɢɩɟɞɡɠ ŭɘɎɗŮůɖɠ. Ƀɘ ŮɔəŬŰŬůŰɎůŮɘɠ ŬɜŬəɨəɚɤůɖɠ ɛŮŰɎɚɚɤɜ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ 

ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ PFAS. Ƀɘ ɢɩɟɞɘ ɡɔŮɘɞɜɞɛɘəɐɠ ŰŬűɐɠ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɏɠ 

ˊɖɔɏɠ ɟɨˊŬɜůɖɠ əŬɗɩɠ ůɡɢɜɎ ŮɑɜŬɘ ɞ ŰŮɚɘəɧɠ ŬˊɞŭɏəŰɖɠ ŭɘŬűɞɟŮŰɘəɩɜ ɟŮɡɛɎŰɤɜ ɧˊɤɠ ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ɓɘɞɛɖɢŬɜɘəɩɜ ŬˊɞɓɚɐŰɤɜ, ɚɡɛŬŰɞɚɎůˊɖɠ əŬɘ Ɏɚɚɤɜ ˊɟɞɥɧɜŰɤɜ ́ ɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊŮɟɘɏɢɞɡɜ PFAS. Ƀ Űɨˊɞɠ əŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ PFAS ůŰɞɡɠ ɉɈɇȷ ˊɞɘəɑɚɚŮɘ ŬɜɎɚɞɔŬ ɛŮ ŰŬ 

ŬˊɧɓɚɖŰŬ ˊɞɡ əŬŰŬɚɐɔɞɡɜ ŮəŮɑ. Ʉɟɘɜ Ŭˊɧ Űɖ ɗɏůˊɘůɖ əŬɜɞɜɘůɛɩɜ ɔɘŬ Űɖɜ ŭɘŬɢŮɑɟɘůɐ Űɞɡɠ, ɖ 

Ŭˊɧɟɟɘɣɖ ŬˊɞɟɟɘɛɛɎŰɤɜ ŮˊɘɓŬɟɡɛɏɜɤɜ ɛŮ PFAS ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊɟɧəɚɖůɖ ůɖɛŬɜŰɘəɩɜ 

ŮˊɘˊŰɩůŮɤɜ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ɘŭɑɤɠ ůŰɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ˊɧůɘɛɞɡ ɜŮɟɞɨ [31],[55].  
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 ɆɢɐɛŬ 2. 1: ȹɘŮɟɔŬůɑŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ ůɨɜɗŮůɖ PFAS əŬŰŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůŰɟŬɔɔɘůɛɎŰɤɜ (Ahrens, 2011). 

Ƀɘ ɢɩɟɞɘ ɡɔŮɘɞɜɞɛɘəɐɠ ŰŬűɐɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ əɎˊɞɘɞ Ůɑŭɞɠ əɎɚɡɣɖɠ (Alternative Daily Cover, 

ADC) ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡɠ, ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŭɡůɞůɛɑŬɠ, Űɖ ɛŮɑɤůɖ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ˊɟɧəɚɖůɖɠ 

ˊɡɟəŬɔɘɎɠ əŬɘ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɖɠ Ŭˊɞɟɟɞɐɠ Űɤɜ ɧɛɓɟɘɤɜ ɡŭɎŰɤɜ. ɀɑŬ ɚɨůɖ ŮɑɜŬɘ ɖ ɢɟɐůɖ 

Ůɘŭɘəɞɨ əŬɚɨɛɛŬŰɞɠ ɔŮɤɡűɎůɛŬŰɞɠ, Ŭˊɧ ůɡɜɗŮŰɘəɧ ɡɚɘəɧ. ɇŬ əŬɚɨɛɛŬŰŬ ŬɡŰɎ ůɡɛɓɎɚɚɞɡɜ 

Ůˊɑůɖɠ ůŰɖ ɛŮɑɤůɖ Űɖɠ ŭɘŮɑůŭɡůɖɠ Űɞɡ ɜŮɟɞɨ ůŰɞ əɨŰŰŬɟɞ əŬɘ Űɖɠ ŬˊŮɚŮɡɗɏɟɤůɖɠ PFAS, ŬɚɚɎ ɖ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎ Űɞɡɠ ɏɢŮɘ ŬɛűɘůɓɖŰɖɗŮɑ əŬɘ ŬˊŬɘŰŮɑ ˊŮɟŬɘŰɏɟɤ ɏɟŮɡɜŬ. ɋɠ ŮɜŬɚɚŬəŰɘəɐ, 

ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŬˊɧɓɚɖŰŬ Ŭˊɧ ɎɚɚŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, ŰŬ ɞˊɞɑŬ ɗŬ ɞŭɖɔɞɨɜŰŬɜ ˊɟɞɠ 

Ŭˊɧɟɟɘɣɖ ůŰŬ ɉɈɇȷ. ɇɏŰɞɘŬ ɡɚɘəɎ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŰɏűɟŬ Ŭˊɧ ŮɔəŬŰŬůŰɎůŮɘɠ ŬˊɞŰɏűɟɤůɖɠ ɐ 

ɎɚɚŮɠ ŭɘŮɟɔŬůɑŮɠ əŬɨůɖɠ, ɡˊɞɚŮɑɛɛŬŰŬ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ ŰŮɛŬɢɘůɛɞɨ ŬɡŰɞəɘɜɐŰɤɜ, ŰŮɛŬɢɘůɛɏɜŬ 

ŮɚŬůŰɘəɎ, əɧɛˊɞůŰ, ŬűɡŭŬŰɤɛɏɜɖ ɘɚɨɠ Ŭˊɧ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ. ȼ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɢɟɐůɖ Űɤɜ ɡɚɘəɩɜ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ ɓɞɖɗɎ Űɞɡɠ ɉɈɇȷ ɜŬ 

ůɡɛɛɞɟűɩɜɞɜŰŬɘ ɛŮ Űɞɡɠ əŬɜɞɜɘůɛɞɨɠ, ɜŬ ŭɘŬɢŮɘɟɑɕɞɜŰŬɘ ŰŬ ŬˊɧɓɚɖŰŬ əŬɘ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ 

ŭɖɛɘɞɡɟɔɞɨɜ ɜɏŮɠ ɟɞɏɠ Ůůɧŭɤɜ [30]. ɇŬ ůŰɟŬɔɔɑŭɘŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɢɩɟɞɡɠ ɡɔŮɘɞɜɞɛɘəɐɠ 

ŰŬűɐɠ ŬůŰɘəɩɜ ůŰŮɟŮɩɜ ŬˊɞɓɚɐŰɤɜ ɏɢɞɡɜ ŬɜŬɔɜɤɟɘůŰŮɑ ɤɠ ˊɖɔɐ PFAS. Ⱥˊɞɛɏɜɤɠ, ɖ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŭɘŬɢŮɑɟɘůɖ Űɞɡɠ ŬˊɞŰŮɚŮɑ ɕɐŰɖɛŬ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ. Ƀɘ ůɤůŰɎ əŬŰŬůəŮɡŬůɛɏɜɞɘ 

əŬɘ ůɨɔɢɟɞɜɞɘ ɉɈɇȷ ŮűŬɟɛɧɕɞɡɜ ŭɘŬűɞɟŮŰɘəɎ ɛɏŰɟŬ ˊɟɞůŰŬůɑŬɠ Űɤɜ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ, ɤůŰɧůɞ 

ŬůŰɞɢɑŮɠ ŮɑŰŮ ůŰɞ ɔŮɤɨűŬůɛŬ əŬɘ ůŰɖ ɔŮɤɛŮɛɓɟɎɜɖ ŮɑŰŮ ůŰɞ ůɨůŰɖɛŬ ůŰɟŬɔɔɘŭɑɤɜ ɛˊɞɟŮɑ ɜŬ 

ɞŭɖɔɐůɞɡɜ ůŰɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ PFAS ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. Ɇɡɜɐɗɤɠ, ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ůŰɟŬɔɔɘŭɑɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɑŰŮ ůŰɞɜ ɢɩɟɞ Űɞɡ ɉɈɇȷ ŮɑŰŮ ŬɡŰɎ ŬˊɞůŰɏɚɚɞɜŰŬɘ ůŮ ɛɞɜɎŭŮɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

ɚɡɛɎŰɤɜ ɐ ɚɑɛɜŮɠ ŮɝɎŰɛɘůɖɠ. ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɘ ůɡɛɓŬŰɘəɏɠ ŰŮɢɜɞɚɞɔɑŮɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

ɡɔɟɩɜ ŬˊɞɓɚɐŰɤɜ ŭŮɜ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ ůŰɖɜ ŬˊɞɛɎəɟɡɜůɖ PFAS, əŬɗɘůŰɩɜŰŬɠ 

ŰŬ ŮˊŮɝŮɟɔŬůɛɏɜŬ ůŰɟŬɔɔɑŭɘŬ ɛɘŬ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ˊɖɔɐ ɟɨˊŬɜůɖɠ [30],[54]. ɄŬɟɎ Űɘɠ ɡɣɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ PFAS ůŰŬ ůŰɟŬɔɔɑůɛŬŰŬ, ɞ ˊŮɟɘɓŬɚɚɞɜŰɘəɧɠ Űɞɡɠ ŬɜŰɑəŰɡˊɞɠ ɗŮɤɟŮɑŰŬɘ ůɢŮŰɘəɎ 

ɢŬɛɖɚɧɠ ɚɧɔɤ Űɞɡ ɡɣɖɚɞɨ ɓŬɗɛɞɨ ŬɟŬɑɤůɖɠ ˊɞɡ ɡűɑůŰŬɜŰŬɘ əŬŰɎ Űɖɜ Ůɑůɞŭɧ Űɞɡɠ ůŰɘɠ ɛɞɜɎŭŮɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ. Ƀɘ ɉɈɇȷ ůɡɜŮɢɑɕɞɡɜ ɜŬ ŬˊŮɚŮɡɗŮɟɩɜɞɡɜ PFAS ůŰŬ ůŰɟŬɔɔɑůɛŬŰŬ ɛŮ 
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ůŰŬɗŮɟɧ ɟɡɗɛɧ ɔɘŬ ŭŮəŬŮŰɑŮɠ, əɡɟɑɤɠ ɛɏůɤ ɓɘɞɚɞɔɘəɩɜ ɛɖɢŬɜɘůɛɩɜ. ȼ ůɨɜɗŮůɖ Űɞɡɠ ŮɝŬɟŰɎŰŬɘ 

Ŭˊɧ Űɖɜ ɖɚɘəɑŬ Űɤɜ ŬˊɞɓɚɐŰɤɜ, Űɞ əɚɑɛŬ əŬɘ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡɠ. PFAS ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ 

ŮɛűŬɜɑɕɞɜŰŬɘ əŬŰɎ əɧɟɞɜ ůŰŬ ůŰɟŬɔɔɑŭɘŬ Űɤɜ ɉɈɇȷ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ 5:3 űɗɞɟɞŰŮɚɞɛŮɟɏɠ 

əŬɟɓɞɝɡɚɘəɧ ɞɝɨ (FTCA) ŬˊɞŰŮɚŮɑ ɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ əŬɘ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ɢɟɖůɘɛŮɨůŮɘ ɤɠ ŭŮɑəŰɖɠ ɔɘŬ PFAS ́ ɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ɉɈɇȷ. ɇŬ PFAS ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ 

ŮəˊɏɛˊɞɜŰŬɘ ůŰɞɜ ŬɏɟŬ Ŭˊɧ ɢɩɟɞɡɠ ɡɔŮɘɞɜɞɛɘəɐɠ ŰŬűɐɠ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ɜŬ 

Ŭ́ ɞŰŮɚɞɨɜ ɞɘ űɗɞɟɞŰŮɚɞɛŮɟŮɑɠ ŬɚəɞɧɚŮɠ (FTOHs) əŬɘ ɡˊŮɟűɗɞɟɞɓɞɡŰŬɜɞɥəɎ ɞɝɏŬ (PFBA). Ƀɘ 

ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ ɡɣɖɚɧŰŮɟŮɠ Ŭˊɧ ŰŬ ŮˊɑˊŮŭŬ ɡˊɞɓɎɗɟɞɡ [54]. ɇŬ 

ůɨɔɢɟɞɜŬ ůɡůŰɐɛŬŰŬ ůɡɚɚɞɔɐɠ ŬŮɟɑɤɜ ůŮ ɢɩɟɞɡɠ ɡɔŮɘɞɜɞɛɘəɐɠ ŰŬűɐɠ ɛˊɞɟɞɨɜ ɜŬ ůɡɛɓɎɚɞɡɜ 

ůŰɖ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ PFAS ůŰɖɜ ŬŰɛɧůűŬɘɟŬ. 

 

2.3. ȺɔəŬŰŬůŰɎůŮɘɠ ȺˊŮɝŮɟɔŬůɑŬɠ Ɉɔɟɩɜ ȷˊɞɓɚɐŰɤɜ 

Ƀɘ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɡɔɟɩɜ ŬˊɞɓɚɐŰɤɜ ŬˊɞŰŮɚɞɨɜ ɛɘŬ ůɖɛŬɜŰɘəɐ ˊɖɔɐ ɟɨˊŬɜůɖɠ 

əŬɗɩɠ ŬˊɞŰŮɚɞɨɜ ŬˊɞŭɏəŰɖ ŭɘŬűɧɟɤɜ ɟŮɡɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ŭɨɜŬŰŬɘ ɜŬ ˊŮɟɘɏɢɞɡɜ PFAS. Ⱥˊɞɛɏɜɤɠ, 

ɖ ŬˊŮɚŮɡɗɏɟɤůɖ PFAS ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ůɡɜɐɗɤɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɞɡɠ ˊŬɟŬəɎŰɤ Űɟɧˊɞɡɠ: 

¶ Ⱥəɟɞɐ ŮˊŮɝŮɟɔŬůɛɏɜɤɜ ɚɡɛɎŰɤɜ ˊɟɞɠ ŬˊɞŭɏəŰɖ 

¶ ȹɘŬɟɟɞɐ ɐ ŬəɞɨůɘŮɠ ŮəɚɨůŮɘɠ ŬˊɞɓɚɐŰɤɜ  

¶ ȷŰɛɞůűŬɘɟɘəɏɠ Ůəˊɞɛˊɏɠ 

¶ ȹɘŬɢŮɑɟɘůɖ əŬɘ ŭɘɎɗŮůɖ ɓɘɞůŰŮɟŮɩɜ əŬɘ ɚɡɛŬŰɞɚɎůˊɖɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ əŬŰɎ Űɖ 

ŭɘŬŭɘəŬůɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ  

 

2.3.1 ȺˊŮɝŮɟɔŬůɑŬ ɚɡɛɎŰɤɜ 

ȼ ůɨůŰŬůɖ Űɤɜ PFAS ůŰŬ ŬɜŮˊŮɝɏɟɔŬůŰŬ ɚɨɛŬŰŬ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚŮɠ ŭɘŬəɡɛɎɜůŮɘɠ. ȷɡŰɏɠ 

ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ əŬɘ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ŮɘůŮɟɢɧɛŮɜɤɜ PFAS ŬɜɎɚɞɔŬ Űɖɜ ˊɖɔɐ Ŭˊɧ 

Űɖɜ ɞˊɞɑŬ ˊɟɞɏɟɢɞɜŰŬɘ, Űɞɡɠ ɓɘɞɢɖɛɘəɞɨɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ əŬŰɎ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɚɡɛɎŰɤɜ əŬɘ ɎɚɚŮɠ űɡůɘəɏɠ əŬɘ ɢɖɛɘəɏɠ ŭɘŮɟɔŬůɑŮɠ. ɄɟɧŭɟɞɛŮɠ ɞɡůɑŮɠ PFAS, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ˊɞɚɡűɗɞɟɞŬɚəɡɚɞűɤůűɞɟɘəɩɜ ɛɞɜɞŮůŰɏɟɤɜ (PAPs) əŬɘ ŭɘŮůŰɏɟɤɜ 

(diPAPs), ɏɢɞɡɜ ŮɜŰɞˊɘůŰŮɑ ůŮ ŭŮɑɔɛŬŰŬ ŮˊŮɝŮɟɔŬůɛɏɜɤɜ ɚɡɛɎŰɤɜ. Ƀɘ ůɡɛɓŬŰɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ ŭŮɜ ŮɑɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ ůŰɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ PFAA, əŬɗɘůŰɩɜŰŬɠ ŰŬ 

ɚɨɛŬŰŬ ůɖɛŬɜŰɘəɐ ˊɖɔɐ ɟɨˊŬɜůɖɠ ɔɘŬ ŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ. ȷɝɘɞɚɧɔɖůɖ ɛŮɔɎɚɤɜ 

ŮɔəŬŰŬůŰɎůŮɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ ŭŮɑɢɜŮɘ ɧŰɘ ɖ ˊɟɤŰɞɓɎɗɛɘŬ ŮˊŮɝŮɟɔŬůɑŬ (əŬɗɑɕɖůɖ əŬɘ ŭɘŬɨɔŬůɖ) 

əŬɘ ɖ ŭŮɡŰŮɟɞɓɎɗɛɘŬ ŮˊŮɝŮɟɔŬůɑŬ (ɓɘɞɚɞɔɘəɐ ŮˊŮɝŮɟɔŬůɑŬ) ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ɛŮŰŬɓɞɚŮɠ 

ůŰɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ əŬɘ ŰŬ Ůɑŭɖ PFAS. ɀŮɚɏŰŮɠ ŭŮɑɢɜɞɡɜ ɧŰɘ ɞɘ ŬɡɝɖɛɏɜŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ PFAA 

ůŰŬ ŮˊŮɝŮɟɔŬůɛɏɜŬ ŬˊɧɓɚɖŰŬ, ůɡɜŭɏɞɜŰŬɘ ˊɘɗŬɜɩɠ ɛŮ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ əŬɘ Űɖɜ ɞɝŮɑŭɤůɖ 

Ɏɚɚɤɜ ˊɟɧŭɟɞɛɤɜ ŮɜɩůŮɤɜ PFAS əŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ [57]. ȷəɧɛŬ, ŮɔəŬŰŬůŰɎůŮɘɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ˊɟɞɖɔɛɏɜŮɠ ɛŮɗɧŭɞɡɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɧˊɤɠ űɑɚŰɟŬ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ ɐ ɛŮɛɓɟɎɜŮɠ 

ŬɜŰɑůŰɟɞűɖɠ ɩůɛɤůɖɠ ŭŮɜ ŬˊɞɛŬəɟɨɜɞɡɜ ŰŬ PFAS ůŮ ɘəŬɜɞˊɞɘɖŰɘəɧ ɓŬɗɛɧ Ůűɧůɞɜ ŭŮɜ ŮɑɜŬɘ 

ůɢŮŭɘŬůɛɏɜŮɠ ɔɘŬ Űɖɜ ŬˊɞəɚŮɘůŰɘəɐ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ɞɡůɘɩɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, 

ŮɜɩůŮɘɠ ɧˊɤɠ PFOS əŬɘ PFOA ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɞɡůɘŬůŰɞɨɜ ůŰɞ ˊɧůɘɛɞ ɜŮɟɧ, ɧŰŬɜ ŰŬ 



ом 
 

ŮˊŮɝŮɟɔŬůɛɏɜŬ ɚɨɛŬŰŬ ŭɘŬŰɑɗŮɜŰŬɘ ůŮ ŮˊɘűŬɜŮɘŬəɎ əŬɘ ɡˊɧɔŮɘŬ ɡŭɎŰɘɜŬ. ɇɏɚɞɠ, ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ 

PFAS ůŰɞɜ ŬŰɛɞůűŬɘɟɘəɧ ŬɏɟŬ əɞɜŰɎ ůŮ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůɖɛŬɜŰɘəɎ 

ɡɣɖɚɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɡˊɞɓɎɗɟɞɡ, ɡˊɞŭɖɚɩɜɞɜŰŬɠ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɛŮŰŬűɞɟɎɠ Űɞɡɠ. 

[54]. 

 

 

ɆɢɐɛŬ 2. 2: Ƀŭɞɑ ɛŮŰŬűɞɟɎɠ əŬɘ ɏəɚɡůɖɠ PFAS ůŰɞ ˊŮɟɘɓɎɚɚɞɜ (Meegoda, 2020) 

 

2.3.2 ȺˊŮɝŮɟɔŬůɑŬ əŬɘ ɢɟɐůŮɘɠ ɚɡɛŬŰɞɚɎůˊɖɠ 

ɇŬ ɓɘɞůŰŮɟŮɎ ɐ ɚɡɛŬŰɞɚɎůˊɖ ŬˊɞŰŮɚɞɨɜ ˊŬɟŬˊɟɞɥɧɜ Űɖɠ ɓɘɞɚɞɔɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɤɜ ɚɡɛɎŰɤɜ. 

ȼ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ɟŮɨɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ ŭɘɎűɞɟɤɜ űɡůɘəɩɜ, ɢɖɛɘəɩɜ 

əŬɘ ɗŮɟɛɘəɩɜ ŭɘŮɟɔŬůɘɩɜ ɛŮ ůŰɧɢɞ Űɖɜ əŬŰɎɚɚɖɚɖ ŭɘŬɢŮɑɟɘůɖ əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ ˊɟɞɥɧɜŰɤɜ Ŭˊɧ 

ŰŬ ɞˊɞɑŬ, Űɞ əŬŰɎ ŰŬ ɎɚɚŬ ŬˊɧɓɚɖŰɞ, ŬˊɞəŰɎ ɞɘəɞɜɞɛɘəɐ ŬɝɑŬ. ɇŬ ˊɟɞɥɧɜŰŬ ŬɡŰɎ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ůŮ ŬɔɟɞŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɤɠ ɚɘˊɎůɛŬŰŬ Ŭűɞɨ ˊɟɩŰŬ ɡˊɞůŰɞɨɜ 

əɞɛˊɞůŰɞˊɞɑɖůɖ ŬɚɚɎ əŬɘ ɤɠ ŮŭŬűɞɓŮɚŰɘɤŰɘəɎ əŬɘ ɡɚɘəɎ ŬˊɞəŬŰɎůŰŬůɖɠ ɔɖɠ əŰɚ. ɆŮ Ɏɚɚɖ 

ˊŮɟɑˊŰɤůɖ, ŮɑŰŮ ŭɘŬŰɑɗŮɜŰŬɘ ůŮ ɢɩɟɞɡɠ  ɡɔŮɘɞɜɞɛɘəɐɠ ŰŬűɐɠ ŮɑŰŮ ́ ɟɞɤɗɞɨɜŰŬɘ ůŮ ŮɔəŬŰŬůŰɎůŮɘɠ 

ŬˊɞŰɏűɟɤůɖɠ [56].  ȼ ˊŬɟɞɡůɑŬ PFAS ůŰŬ ɚɨɛŬŰŬ əŬɘ əŬŰô ŮˊɏəŰŬůɖ ůŰɖɜ ɚɡɛŬŰɞɚɎůˊɖ ŭŮɜ ŮɑɜŬɘ 

ůəɧˊɘɛɖ, əŬɗɩɠ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ɞɘ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŬůŰɘəɩɜ ɚɡɛɎŰɤɜ ŬˊɞŰŮɚɞɨɜ 

ˊŬɗɖŰɘəɞɨɠ ŬˊɞŭɏəŰŮɠ ŬɡŰɩɜ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŮɡɟŮɑŬɠ ˊŬɟɞɡůɑŬɠ Űɞɡɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ. ȳˊɤɠ 
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ŮɑɜŬɘ ɚɞɔɘəɧ, ŰŬ PFAS ́ɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůɡɢɜɧŰŮɟŬ ůŰɖ ɚɎůˊɖ (PFOS əŬɘ PFOA) ŮɑɜŬɘ ŰŬ ɑŭɘŬ ɛŮ 

ŬɡŰɎ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŰŬ ɚɨɛŬŰŬ [30],[36]. Ⱥˊɘˊɚɏɞɜ, ŬɟəŮŰɏɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŬɜɘɢɜŮɨůŮɘ Űɖɜ 

ˊŬɟɞɡůɑŬ PFCA əŬɘ PFSA ůŮ ŭŮɑɔɛŬŰŬ ɓɘɞɚɞɔɘəɐɠ ɘɚɨɞɠ Ŭˊɧ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

ŬůŰɘəɩɜ ɚɡɛɎŰɤɜ [30]. ȰɜŬɠ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ɛŮɚŮŰɩɜ ɏɢŮɘ ŬɜŬűɏɟŮɘ ůŰŬŰɘůŰɘəɎ ůɖɛŬɜŰɘəɎ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ŭŮɑɢɜɞɡɜ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ ŬɟəŮŰɩɜ ˊɞɚɡűɗɞɟɘɤɛɏɜɤɜ ɞɡůɘɩɜ ůŮ ˊŮɟɘˊŰɩůŮɘɠ 

ŮŭŬűɘəɐɠ ŮűŬɟɛɞɔɐɠ. ȯɚɚŬ ůŰɞɘɢŮɑŬ ŭŮɑɢɜɞɡɜ ɧŰɘ ɞɟɘůɛɏɜŮɠ ˊɞɚɡűɗɞɟɘɤɛɏɜŮɠ ɞɡůɑŮɠ ˊŬɟŬɛɏɜɞɡɜ 

ůŰɞ ɏŭŬűɞɠ ŬɜŬɚɚɞɑɤŰŮɠ ɔɘŬ ŭŮəŬŮŰɑŮɠ. ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɛŮɔɎɚŮɠ ́ ɞůɧŰɖŰŮɠ 

əɞɛˊɞůŰɞˊɞɘɖɛɏɜɖɠ ɘɚɨɞɠ  ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ɔŮɤɟɔɘəɏɠ ŮűŬɟɛɞɔɏɠ, ɡˊɎɟɢŮɘ ůɖɛŬɜŰɘəɐ 

ˊɘɗŬɜɧŰɖŰŬ ɟɨˊŬɜůɖɠ Űɞɡ ŮŭɎűɞɡɠ, Űɤɜ ɡˊɧɔŮɘɤɜ əŬɘ ŮˊɘűŬɜŮɘŬəɩɜ ɡŭɎŰɤɜ Ŭˊɧ PFAS. ɀɧɚɘɠ ŰŬ 

PFAS ɓɟŮɗɞɨɜ ůŰɞ ɏŭŬűɞɠ, ŭɨɜŬŰŬɘ ɜŬ Ůɘůɏɚɗɞɡɜ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ ɨŭŬŰŬ ɛɏůɤ Ŭˊɞɟɟɞɩɜ ɐ ɜŬ 

ŭɘŮɘůŭɨůɞɡɜ ůŰŬ ɡˊɧɔŮɘŬ ɨŭŬŰŬ [37]. Ƀɘ ˊɘɗŬɜɧŰɖŰŬ ́ŬɟɞɡůɑŬɠ Űɞɡɠ ůŰŬ ŮˊɘűŬɜŮɘŬəɎ əŬɘ ɡˊɧɔŮɘŬ 

ɨŭŬŰŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ɖ ˊɞůɧŰɖŰŬ əŬɘ ɖ ůɨɜɗŮůɖ Űɞɡɠ, ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ 

ŮŭɎűɞɡɠ, ɞ ɟɡɗɛɧɠ ŭɘŮɑůŭɡůɖɠ, ɞɘ ˊɟŬəŰɘəɏɠ ŮűŬɟɛɞɔɐɠ, ɖ ɢɟɐůɖ ɔɖɠ, ɖ ɓɟɞɢɧˊŰɤůɖ, Űɞ əɚɑɛŬ 

əŬɘ ɖ əɚɑůɖ Űɞɡ ŮŭɎűɞɡɠ [36].  ȼ ˊŬɟŬˊɎɜɤ ˊɟŬəŰɘəɐ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŰɖ ˊɟɧůɚɖɣɖ PFAS 

Ŭˊɧ ɞɟɘůɛɏɜŬ űɡŰɎ əŬɘ ɞɟɔŬɜɘůɛɞɨɠ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŰɞ ɏŭŬűɞɠ. ɈˊɎɟɢɞɡɜ ŮɜŭŮɑɝŮɘɠ ɧŰɘ ɛŮ 

ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŰŬ PFAS ɛˊɞɟɞɨɜ ɜŬ Ůɘůɏɚɗɞɡɜ ůŰɖɜ Űɟɞűɘəɐ ŬɚɡůɑŭŬ [37]. Ⱥˊɘˊɚɏɞɜ, ɖ ŭɘɎɗŮůɖ 

ɘɚɨɞɠ ůŮ ɢɩɟɞɡɠ ɡɔŮɘɞɜɞɛɘəɐɠ ŰŬűɐɠ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ Ŭɨɝɖůɖ Űɤɜ Ůˊɘˊɏŭɤɜ PFAS ůŰŬ 

ůŰɟŬɔɔɑŭɘŬ Űɤɜ ɉɈɇȷ ŬɡɝɎɜɞɜŰŬɠ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ Űɞɜ əɑɜŭɡɜɞ ŭɘŬűɡɔɐɠ Űɞɡɠ ůŰŬ ɡˊɧɔŮɘŬ 

ɨŭŬŰŬ ɐ ůŰɞɜ ŬɏɟŬ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɖ ɢɟɧɜɘŬ ŭɘŬɢŮɑɟɘůɖ Űɖɠ ɟɡ́ Ŭůɛɏɜɖɠ ɛŮ PFAS ɘɚɨɞɠ ɛŮ ŬɡŰɧɜ 

Űɞɜ Űɟɧˊɞ, ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮˊɘɓŬɟɨɜŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ŭɡɜŬɛɘəɧŰɖŰŬ Űɤɜ ɉɈɇȷ [30]. 

 

2.4. ȷűɟɞɑ ˊɡɟɧůɓŮůɖɠ 

Ƀɘ Ŭűɟɞɑ ˊɡɟɧůɓŮůɖɠ əŬŰɖɔɞɟɑŬɠ ȷ ŮɑɜŬɘ ŮɘŭɘəɎ ůɢŮŭɘŬůɛɏɜɞɘ ɔɘŬ Űɖɜ ŰŬɢŮɑŬ əŬŰɎůɓŮůɖ 

ˊɡɟəŬɔɘɩɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŬɜɗɟŬəɞɨɢŬ əŬɨůɘɛɖ ɨɚɖ. ɄŬɟŬŭŮɑɔɛŬŰŬ ŬˊɞŰŮɚɞɨɜ ɞɘ ŭŬůɘəɏɠ 

ˊɡɟəŬɔɘɏɠ, əŬɘ ɞɘ ́ɡɟəŬɔɘɏɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ əŬɨůɖ ɢŬɟŰɘɞɨ, ˊɚŬůŰɘəɞɨ, ŮɚŬůŰɘəɩɜ. Ƀɘ 

ůɡɔəŮəɟɘɛɏɜɞɘ Ŭűɟɞɑ ŭŮɜ ˊŮɟɘɏɢɞɡɜ ŮɜɩůŮɘɠ űɗɞɟɑɞɡ, ɧˊɤɠ űɗɞɟɞŰŬůɘŮɜŮɟɔɎ ɐ űɗɞɟɞˊɞɚɡɛŮɟɐ, 

əŬɘ ɤɠ Ůˊɑ Űɤɜ ˊɚŮɑůŰɤɜ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɏɠ ɞɡůɑŮɠ ɡŭɟɞɔɞɜɎɜɗɟŬəɩɜ. ȷˊɧ 

Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ɞɘ Ŭűɟɞɑ ˊɡɟɧůɓŮůɖɠ əŬŰɖɔɞɟɑŬɠ ȸ, ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ ɔɘŬ ɜŬ ŮɑɜŬɘ ˊɘɞ 

ŬˊɞŰŮɚŮůɛŬŰɘəɞɑ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ́ ɡɟəŬɔɘɩɜ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ ɡɔɟɎ əŬɨůɘɛŬ. Ƀɘ Ŭűɟɞɑ 

əŬŰɖɔɞɟɑŬɠ ȸ ŭŮɜ ɏɢɞɡɜ Űɖɜ ɑŭɘŬ ůɨɜɗŮůɖ Ůɜɩ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘŬűɞɟŮŰɘəɞɨɠ ɛɖɢŬɜɘůɛɞɨɠ ɔɘŬ Űɖɜ 

əŬŰɎůɓŮůɖ ˊɡɟəŬɔɘɩɜ. ȳůɞɜ ŬűɞɟɎ Űɖ ůɨɜɗŮůɐ Űɞɡɠ, ɛˊɞɟɞɨɜ ɜŬ ɢɤɟɘůŰɞɨɜ ůŮ ŭɨɞ ɛŮɔɎɚŮɠ 

əŬŰɖɔɞɟɑŮɠ:  

I. ūɗɞɟɘɤɛɏɜɞɘ Ŭűɟɞɑ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŮɜɩůŮɘɠ PFAS  

II. ȷűɟɞɑ ɜŮɧŰŮɟɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ɢɤɟɑɠ űɗɞɟɘɤɛɏɜŮɠ ŮɜɩůŮɘɠ, ˊɞɡ ŭŮɜ ˊŮɟɘɏɢɞɡɜ ůəɧˊɘɛŬ 

ˊɟɧůɗŮŰŬ PFAS [33]. 
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ɆɢɐɛŬ 2. 3: ȷűɟɞɑ ˊɡɟɧůɓŮůɖɠ əŬŰɖɔɞɟɑŬɠ ȷ,ȸ (IPEN, 2018) 

Ʉɘɞ ŬɜŬɚɡŰɘəɎ, oɘ Ŭűɟɞɑ əŬŰɖɔɞɟɑŬɠ ȸ ˊɞɡ ŭɘŬŰɑɗŮɜŰŬɘ Ůˊɑ Űɞɡ ˊŬɟɧɜŰɞɠ əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ŮɑŰŮ 

ůŮ Ŭűɟɞɨɠ, ɞɘ ɞˊɞɑɞɘ ˊŮɟɘɏɢɞɡɜ űɗɞɟɞŰŬůɘŮɜŮɟɔɎ ɐ űɗɞɟɞˊɞɚɡɛŮɟɐ, ɧˊɤɠ ɡŭŬŰɘəɞɑ Ŭűɟɞɑ 

(AFFF), Ŭűɟɞɑ űɗɞɟɘɞˊɟɤŰŮȶɜɖɠ (FFFP), əŬɘ ůŮ Ŭűɟɞɨɠ ˊɞɡ ŭŮɜ ŮɛˊŮɟɘɏɢɞɡɜ űɗɞɟɘɤɛɏɜŮɠ  

ŮɜɩůŮɘɠ (F3 foams), ɞɘ ɞˊɞɑɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ ˊɞɘəɑɚŬ ˊŬŰŮɜŰŬɟɘůɛɏɜŬ ɛŮɑɔɛŬŰŬ 

ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ əŬŰŬůəŮɡŬůŰɐ. ȰˊŮɘŰŬ Ŭˊɧ Űɖɜ ŬɜɎɛɘɝɐ 

Űɞɡɠ ɛŮ ɜŮɟɧ, ɞ űɗɞɟɘɤɛɏɜɞɠ Ŭűɟɧɠ ůɢɖɛŬŰɑɕŮɘ ɏɜŬ ɡŭŬŰɘəɧ űɘɚɛ ˊɞɡ ŬˊɞəɧɓŮɘ ɎɛŮůŬ Űɖɜ ŮˊŬűɐ 

Űɞɡ ɞɝɡɔɧɜɞɡ Ŭˊɧ Űɖ űɤŰɘɎ, Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ Űɖɜ ɣɨɢŮɘ, ŮɛˊɞŭɑɕɞɜŰŬɠ Űɖɜ Ůə ɜɏɞɡ ŬɜɎűɚŮɝɖ Űɖɠ. 

Ƀɘ Ŭűɟɞɑ əŬŰɖɔɞɟɑŬɠ ȸ ŬˊɞɗɖəŮɨɞɜŰŬɘ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ əŬŰɎůɓŮůɖ ˊɡɟəŬɔɘɩɜ, ɔɘŬ 

ɚɧɔɞɡɠ ŮəˊŬɑŭŮɡůɖɠ, ůŮ ůŰɟŬŰɘɤŰɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ əŬɘ ŬŮɟɞŭɟɧɛɘŬ, ůŮ ŭɘɡɚɘůŰɐɟɘŬ ˊŮŰɟŮɚŬɑɞɡ 

əŬɘ ůŮ ŮɔəŬŰŬůŰɎůŮɘɠ ŬˊɞɗɐəŮɡůɖɠ ůŰŬ ŮɟɔɞůŰɎůɘŬ ˊŬɟŬɔɤɔɐɠ Űɞɡɠ [32]. ȷˊɧ Űɞ 2015, ɞɘ 

əŬŰŬůəŮɡŬůŰɏɠ ˊɡɟɞůɓŮůŰɘəɞɨ Ŭűɟɞɨ ůŰɘɠ ȼɄȷ ɝŮəɑɜɖůŬɜ Űɖ ɛŮŰɎɓŬůɖ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

űɗɞɟɞŰŬůɘŮɜŮɟɔɩɜ ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ (C6). Ƀɘ Ŭűɟɞɑ (AFFFs) ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŰŬ ɜɏŬ ŬɡŰɎ 

űɗɞɟɞŰŮɚɞɛŮɟɐ ɐ çŬűɟɞɑ C6è, ŭŮɜ ˊŮɟɘɏɢɞɡɜ ɞɨŰŮ ŭɘŬůˊɩɜŰŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ůŮ PFOS ɐ PFOA, 

əŬɘ Ůˊɑ Űɞɡ ˊŬɟɧɜŰɞɠ ɗŮɤɟɞɨɜŰŬɘ ɚɘɔɧŰŮɟɞ Űɞɝɘəɞɑ ɏɢɞɜŰŬɠ ɛŮɘɤɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ 

ɓɘɞůɡůůɩɟŮɡůɖɠ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ űɗɞɟɞŰŬůɘŮɜŮɟɔɎ ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ (C8). ɄŬɟɧɚŬ ŬɡŰɎ əɎŰɤ 

Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ, ŰŬ ˊɟɞɥɧɜŰŬ ŭɘɎůˊŬůɖɠ Űɤɜ Ŭűɟɩɜ C6 ɛˊɞɟŮɑ ɜŬ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ PFHxA, PFPeA əŬɘ 5:3 FTCA [35]. Ⱥɜɩ ɖ ŰŮɢɜɞɚɞɔɑŬ űɗɞɟɞŰŮɚɞɛŮɟɩɜ C6 

ŬˊɞŰɏɚŮůŮ ɛɘŬ ɛŮɔɎɚɖ ŮˊɘŰɡɢɑŬ ɤɠ ɛɘŬ ŮɜŬɚɚŬəŰɘəɐ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŬűɟɘůŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ 

űɘɚɘəɧŰŮɟɤɜ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ Űɞɜ Ɏɜɗɟɤˊɞ, ɖ ŬɜɎˊŰɡɝɖ Ŭűɟɞɨ ɢɤɟɑɠ űɗɞɟɘɤɛɏɜŮɠ ŮɜɩůŮɘɠ 

ɘůɞŭɨɜŬɛɖɠ Ŭˊɧŭɞůɖɠ ŬˊɞŭŮɑɢɗɖəŮ ŬɟəŮŰɎ ŭɨůəɞɚɖ. Ƀɘ ŮɜŰŬŰɘəɏɠ ˊɟɞůˊɎɗŮɘŮɠ ɞŭɐɔɖůŬɜ ůŰɖɜ 

ůɨɜɗŮůɖ Űɤɜ ˊɟɩŰɤɜ Ŭűɟɩɜ ɢɤɟɑɠ űɗɞɟɘɤɛɏɜŮɠ ŮɜɩůŮɘɠ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ, ɞɘ ɞˊɞɑɞɘ 

ůɡɛɛɞɟűɩɜɞɜŰŬɜ ɛŮ Űɞ ŮɡɟɤˊŬɥəɧ ˊɟɧŰɡˊɞ Ŭűɟɞɨ EN 1568. ȾŬŰɎ ůɡɜɏˊŮɘŬ, ɖ ˊɘɞ ˊɟɧůűŬŰɖ 

ŬɜŬɗŮɩɟɖůɖ Űɞɡ ˊɟɞŰɨˊɞɡ ɧɟɘůŮ ɏɜŬɜ ɜɏɞ Űɨˊɞ Ŭűɟɞɨ F3. Ƀɘ Ŭűɟɞɑ ŬɡŰɞɑ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜ 
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űɗɞɟɘɤɛɏɜŮɠ  ŮɜɩůŮɘɠ əŬɘ Ůˊɞɛɏɜɤɠ ŭŮɜ ˊŮɟɘɏɢɞɡɜ PFAS [34]. Ƀɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ 

ɛŮŰŬűɞɟɎ PFAS ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Ŭˊɧ Űɖ ɢɟɐůɖ ˊɡɟɞůɓŮůŰɘəɩɜ Ŭűɟɩɜ, ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɞ ɛɐəɞɠ 

Űɖɠ ŬɚɡůɑŭŬɠ Űɖɠ űɗɞɟɘɤɛɏɜɖɠ ɏɜɤůɖɠ, Űɖɜ ɘɞɜŰɘəɐ Űɖɠ əŬŰɎůŰŬůɖ, Űɞ Ůɑŭɞɠ Űɖɠ ɚŮɘŰɞɡɟɔɘəɐɠ Űɖɠ 

ɞɛɎŭŬɠ, əŬɘ Űɞɜ ɓŬɗɛɧ űɗɞɟɑɤůɖɠ Űɖɠ. ɇɞɜɑɕŮŰŬɘ ɧŰɘ ɖ əŬŰŬɜɞɛɐ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɤɜ Ŭűɟɩɜ ɛŮ 

ŭɟŬůŰɘəɎ ůɡůŰŬŰɘəɎ PFOS ́ ŬɚŬɘɞɨ Űɨˊɞɡ əŬɘ Űɤɜ Ŭűɟɩɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ůɨɔɢɟɞɜŬ 

űɗɞɟɞŰŮɚɞɛŮɟɐ ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ ŭɘŬűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ, ɛŮ ɓɎůɖ ŰŬ ŭɘŬűɞɟŮŰɘəɎ ɢɖɛɘəɎ Űɞɡɠ 

ůɡůŰŬŰɘəɎ əŬɘ Űɘɠ űɡůɘəɏɠ əŬɘ ɢɖɛɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ [17]. 
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ȾŮűɎɚŬɘɞ 3 ï PFAS əŬɘ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ 

3.1 Ⱦɨɟɘɞɘ Űɟɧˊɞɘ - ɞŭɞɑ ɏəɗŮůɖɠ Űɞɡ Ŭɜɗɟɩˊɞɡ 

ȷɟəŮŰɏɠ ŬɜɖůɡɢɑŮɠ ɏɢɞɡɜ ŮəűɟŬůŰŮɑ ůɢŮŰɘəɎ ɛŮ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ əŬɘ Űɞɡɠ ɞɘəɞɚɞɔɘəɞɨɠ 

əɘɜŭɨɜɞɡɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɞɟɘůɛɏɜŬ PFAS. ȷɡŰɏɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ ŮəŰŮŰŬɛɏɜɖ ŬɜɑɢɜŮɡůɖ 

ɞɟɘůɛɏɜɤɜ PFAS ůŮ Ŭɜɗɟɩˊɞɡɠ əŬɘ ɎɔɟɘŬ ɕɩŬ, ůŰɞɘɢŮɑŬ ɧŰɘ ɞɟɘůɛɏɜŬ PFAS ɓɘɞůɡůůɤɟŮɨɞɜŰŬɘ 

əŬɘ ɛŮŰŬűɏɟɞɜŰŬɘ ůŰɖɜ Űɟɞűɘəɐ ŬɚɡůɑŭŬ, ɛŮɚɏŰŮɠ ˊɞɡ ŬɜŬűɏɟɞɡɜ ˊɞɚɚŬˊɚɏɠ Űɞɝɘəɞɚɞɔɘəɏɠ 

ŮˊɘŭɟɎůŮɘɠ ůŮ ɕɩŬ əŬɘ ŬɜŰɑůŰɞɘɢŬ, ˊɘɗŬɜɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ. ɋůŰɧůɞ, ɖ 

Ŭɝɘɞɚɧɔɖůɖ əɘɜŭɨɜɞɡ Űɤɜ PFAS ŭŮɜ ŮɑɜŬɘ Ůɨəɞɚɖ ɚɧɔɤ Űɤɜ ɘŭɘŬɑŰŮɟɤɜ űɡůɘəɞɢɖɛɘəɩɜ Űɞɡɠ 

ɘŭɘɞŰɐŰɤɜ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɓŮɓŬɘɧŰɖŰŬ ɧůɞɜ ŬűɞɟɎ Űɞɜ ɢɤɟɘəɧ əŬɘ Űɞɜ 

ˊɞůɞŰɘəɧ Űɞɡɠ ˊɟɞůŭɘɞɟɘůɛɧ ůŰɖɜ ɡˊɧ ŮɝɏŰŬůɖ ˊŮɟɘɞɢɐ. Ⱥˊɘˊɚɏɞɜ, ɖ ŮɡɟŮɑŬ ˊŬɟɞɡůɑŬ ɞɟɘůɛɏɜɤɜ 

PFAS ůŮ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ɛɏůŬ əŬɘ ɞɘ ˊɞɚɚŬɚ́ɏɠ ˊɘɗŬɜɏɠ ˊɖɔɏɠ ɟɨˊŬɜůɖɠ ůɡɢɜɎ ˊŮɟɘˊɚɏəɞɡɜ Űɖɜ 

ŮɟɛɖɜŮɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɡɚɚɏɔɞɜŰŬɘ ŬɜɎ ŰɞˊɞɗŮůɑŬ [7].  

ȺɜɜɏŬ ɛŮɚɏŰŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ɞəŰɩ ɢɩɟŮɠ Űɖɠ ȺȺ əŬɘ Űɖ ɁɞɟɓɖɔɑŬ ɡˊɞɚɧɔɘůŬɜ Űɖɜ 

ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ əɑɜŭɡɜɞɡ Ŭˊɧ ŰŬ PFAS ɤɠ Űɖɜ ŬɜŬɚɞɔɑŬ ɛŮŰŬɝɨ Űɤɜ Ůˊɘˊɏŭɤɜ ɏəɗŮůɖɠ ˊɞɡ 

ɛŮŰɟɐɗɖəŬɜ ůŰɞ ɔŮɜɘəɧ ŮɡɟɤˊŬɥəɧ ˊɚɖɗɡůɛɧ Ůűɐɓɤɜ (12 ɏɤɠ 18 ŮŰɩɜ) ɔɘŬ ŰɏůůŮɟɘɠ ŭɘŬűɞɟŮŰɘəɏɠ 

ɞɡůɑŮɠ PFAS (PFOA, PFNA, PFHxS, PFOS)  əŬɘ Űɖɜ ɞɟɘŬəɐ Űɘɛɐ ˊɞɡ ɗɏŰŮɘ ɖ ȺɡɟɤˊŬɥəɐ ȷɟɢɐ 

ɔɘŬ Űɖɜ ȷůűɎɚŮɘŬ Űɤɜ ɇɟɞűɑɛɤɜ (EFSA) ɔɘŬ Űɘɠ ɞɡůɑŮɠ ŬɡŰɏɠ. Ƀ ɚɧɔɞɠ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɘɠ 

ˊŬɟŬˊɎɜɤ ɏɟŮɡɜŮɠ ɐŰŬɜ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ 1, ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ŭŮɜ ɛˊɞɟŮɑ ɜŬ 

ŬˊɞəɚŮɘůŰŮɑ Űɞ ŮɜŭŮɢɧɛŮɜɞ ˊŬɟɞɡůɑŬůɖɠ əɘɜŭɨɜɤɜ ɔɘŬ Űɖɜ ɡɔŮɑŬ. Ʉɘɞ ŬɜŬɚɡŰɘəɎ, əŬŰɎ ɛɏůɞ ɧɟɞ 

Űɞ 14,3% Űɤɜ ůɡɛɛŮŰŮɢɧɜŰɤɜ ŮɛűɎɜɘůŮ ůɡɔəŮɜŰɟɩůŮɘɠ ůŮ ŭŮɑɔɛŬŰŬ ŬɑɛŬŰɞɠ, ɞɘ ɞˊɞɑŮɠ 

ɡˊŮɟɏɓɖůŬɜ ŰŬ ɧɟɘŬ ˊɞɡ ɏɢŮɘ ɗɏůŮɘ ɖ EFSA, ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŮ ŭɨɞ ɢɩɟŮɠ ɜŬ ɝŮˊŮɟɜɞɨɜ Űɞ 

20%. ȹŮŭɞɛɏɜɞɡ Űɞɡ ɛŮɔɎɚɞɡ Ŭɟɘɗɛɞɨ PFAS əŬɘ Űɖɜ ŮɡɟŮɑŬ ŮűŬɟɛɞɔɐ əŬɘ ɢɟɐůɖ Űɞɡɠ, ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɜɑɕɞɡɜ Űɖɜ ŬɜŬɔəŬɘɧŰɖŰŬ ɔɘŬ Ůˊɘɓɞɚɐ ˊŮɟŬɘŰɏɟɤ ˊŮɟɘɞɟɘůɛɩɜ Űɤɜ ɞɡůɘɩɜ ŬɡŰɩɜ 

ɤɠ ůɨɜɞɚɞ, ɛŮ ůŰɧɢɞ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɖɠ ɏəɗŮůɖɠ Űɞɡ ˊɚɖɗɡůɛɞɨ ůŮ ŬɡŰɏɠ, ŬɚɚɎ ŬəɧɛŬ əŬɘ ůŮ 

ɎɚɚŮɠ ŮɜɩůŮɘɠ PFAS, ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ŭŮɜ ɡˊɎɟɢŮɘ ŬəɧɛŬ əɎˊɞɘŬ ɞŭɖɔɑŬ. Ƀɘ ɛŮɚɏŰŮɠ ŭŮɑɢɜɞɡɜ Ůˊɑůɖɠ 

ŭɘŬűɞɟŮŰɘəɐ ɔŮɤɔɟŬűɘəɐ əŬŰŬɜɞɛɐ ůŰɖɜ ɏəɗŮůɖ ůŰŬ ŰɏůůŮɟŬ ɛŮŰɟɞɨɛŮɜŬ PFAS əŬɘ ůŰɞ 

ɎɗɟɞɘůɛɎ Űɞɡɠ, ɛŮ ɡɣɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɜŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰɖ ɓɧɟŮɘŬ əŬɘ ŭɡŰɘəɐ Ⱥɡɟɩˊɖ. ȼ əɨɟɘŬ 

ɞŭɧɠ ɏəɗŮůɖɠ ɔɘŬ Űɞ ɔŮɜɘəɧ ˊɚɖɗɡůɛɧ űŬɑɜŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ɛɏůɤ Űɖɠ ŭɘŬŰɟɞűɐɠ, Ůɜɩ ůɖɛŬɜŰɘəɐ ŮɑɜŬɘ 

ɖ ŭɘŬŭŮɟɛɘəɐ ɏəɗŮůɖ ˊɞɡ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛɏůɤ Űɤɜ ɟɞɨɢɤɜ əŬɘ ɛŮ Űɖ ɢɟɐůɖ əŬɚɚɡɜŰɘəɩɜ. ɄɏɟŬ 

Ŭˊɧ Űɖɜ ŭɘŮɜɏɟɔŮɘŬ ˊɟɞɔɟŬɛɛɎŰɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ, ɖ ɛŮɚɚɞɜŰɘəɐ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ PFAS ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛŬəɟɞˊɟɧɗŮůɛɤɜ ŰɎůŮɤɜ Űɤɜ ɢɖɛɘəɩɜ ɞɡůɘɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɞ 

ˊŬɟŮɚɗɧɜ əŬɘ ŬɡŰɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɐɛŮɟŬ, ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Ɏɚɚɤɜ ŭɡɜɖŰɘəɎ 

Ůˊɘəɑɜŭɡɜɤɜ ŬɜŬŭɡɧɛŮɜɤɜ ɢɖɛɘəɩɜ ŮɜɩůŮɤɜ [23]. 



ос 
 

 

ɆɢɐɛŬ 3. 1: ɄɞůɞůŰɧ Ůűɐɓɤɜ ůŰɖɜ Ⱥɡɟɩˊɖ ɛŮ ůɡɜŭɡŬůŰɘəɎ ŮˊɑˊŮŭŬ PFAS ́ɞɡ ɡˊŮɟɓŬɑɜɞɡɜ Űɖɜ Űɘɛɐ ˊɞɡ ɗɏŰŮɘ ɖ EFSA 

(6.9 ɛg/L) (EEA, 2024) 

 

 

ɆɢɐɛŬ 3. 2: Ⱥˊɘůəɧˊɖůɖ Űɤɜ Űɟɧˊɤɜ ɏəɗŮůɖɠ ůŰŬ PFAS əŬɘ Űɤɜ Űɞɝɘəɩɜ ŮˊɘŭɟɎůŮɤɜ Űɞɡɠ ůŰɞɜ Ŭɜɗɟɩ́ ɘɜɞ ɞɟɔŬɜɘůɛɧ 

(Habib Z, 2024) 

ɆŰɖ ůɡɜɏɢŮɘŬ, ˊŮɟɘɔɟɎűɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ɛŮɟɘəɞɑ Ŭˊɧ Űɞɡɠ əɨɟɘoɡɠ Űɟɧˊɞɡɠ əŬɘ ɞŭɞɨɠ ɏəɗŮůɖɠ 

Űɞɡ Ŭɜɗɟɩˊɞɡ. 

 



от 
 

3.1.1 ȰəɗŮůɖ ɛɏůɤ Űɞɡ ˊɧůɘɛɞɡ ɜŮɟɞɨ 

ɀɘŬ Ŭˊɧ Űɘɠ əɡɟɘɧŰŮɟŮɠ ɞŭɞɨɠ ɏəɗŮůɖɠ ůŮ PFAS ŬˊɞŰŮɚŮɑ ɖ əŬŰŬɜɎɚɤůɖ ɟɡˊŬůɛɏɜɞɡ ́ ɧůɘɛɞɡ 

ɜŮɟɞɨ. ɇŬ ŮˊɘűŬɜŮɘŬəɎ əŬɘ ɡˊɧɔŮɘŬ ɨŭŬŰŬ, ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɛɘŬ ůɖɛŬɜŰɘəɐ ˊɖɔɐ ˊɧůɘɛɞɡ ɜŮɟɞɨ ůŮ 

ˊɞɚɚɏɠ ˊŮɟɘɞɢɏɠ, ŮˊɘɓŬɟɨɜɞɜŰŬɘ ůɖɛŬɜŰɘəɎ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ PFAS, ɞŭɖɔɩɜŰŬɠ ŰŮɚɘəɎ ůŰɖɜ 

əŬŰŬɜɎɚɤůɖ ɟɡˊŬůɛɏɜɞɡ ɜŮɟɞɨ Ŭˊɧ Űɞɡɠ Ŭɜɗɟɩˊɞɡɠ əŬɘ ŰŬ ɕɩŬ, ɗɏŰɞɜŰŬɠ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ 

ůŮ əɑɜŭɡɜɞ Űɖɜ ɡɔŮɑŬ Űɞɡɠ. ɀŮɚɏŰɖ Ŭˊɧ Űɞɡɠ Breitmeyer, S. E. et. al. (2023), ́ ɞɡ ŭɘŮɝɐɢɗɖ ůŰɖɜ 

ɄŮɜůɡɚɓɎɜɘŬ Űɞ 2023, ɛŮ ůŰɧɢɞ Űɞɜ ŮɜŰɞˊɘůɛɧ Űɖɠ ˊɘɗŬɜɐɠ ́ ɖɔɐɠ ɟɨˊŬɜůɖɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ 

ɡŭɎŰɤɜ, əŬŰɏɚɖɝŮ ɧŰɘ ɞɘ ŮɔəŬŰŬůŰɎůŮɘɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɚɡɛɎŰɤɜ əŬɘ ŰŬ ŮɟɔɞůŰɎůɘŬ əŬŰŬůəŮɡɐɠ 

ɖɚŮəŰɟɞɜɘəɩɜ Ůɘŭɩɜ ɐŰŬɜ ɞɘ ˊɘɞ ˊɘɗŬɜɏɠ ́ɖɔɏɠ PFAS. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɧůɞ ŰŬ ŬɜŮˊŮɝɏɟɔŬůŰŬ 

ɧůɞ əŬɘ ŰŬ ŮˊŮɝŮɟɔŬůɛɏɜŬ ɚɨɛŬŰŬ ɗŮɤɟɞɨɜŰŬɘ ůɖɛŬɜŰɘəɏɠ ˊɖɔɏɠ PFAS ɛŬəɟɎɠ əŬɘ ɓɟŬɢŮɑŬɠ 

ŬɚɡůɑŭŬɠ [24]. Ⱥˊɘˊɚɏɞɜ, Ŭɡɝɖɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ PFAS ůŰɞ ˊɧůɘɛɞ ɜŮɟɧ (>10,000 ng/L) 

ŬɜŬəŬɚɨűɗɖəŮ ůŮ ˊŮɟɘɞɢɐ ůŰɞ Ronneby Űɖɠ ɆɞɡɖŭɑŬɠ. ȼ ˊɖɔɐ Űɖɠ ɟɨˊŬɜůɖɠ ŬˊɞŭŮɑɢɗɖəŮ ɏɜŬ 

ůŰɟŬŰɘɤŰɘəɧ ŬŮɟɞŭɟɧɛɘɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨůŮ Ŭűɟɞɨɠ ˊɡɟɧůɓŮůɖɠ əŬŰɖɔɞɟɑŬɠ ȸ (AFFFs) Ŭˊɧ ŰŬ 

ɛɏůŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1980. ɀŮŰɎ Ŭˊɧ ŬɡŰɎ ŰŬ ŮɡɟɐɛŬŰŬ, ɞɘ ŮɔəŬŰŬůŰɎůŮɘɠ ɨŭɟŮɡůɖɠ ɏəɚŮɘůŬɜ 

ŮˊŮɘɔɧɜŰɤɠ, ɤůŰɧůɞ, ůɢŮŭɧɜ Űɞ ɏɜŬ ŰɟɑŰɞ Űɞɡ ˊɚɖɗɡůɛɞɨ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɑɢŮ ɐŭɖ ŮəŰŮɗŮɑ. 

ȷɝɘɞůɖɛŮɑɤŰŬ ɐŰŬɜ ŰŬ ŮˊɑˊŮŭŬ PFAS ́ ɞɡ ŬɜɘɢɜŮɨɗɖəŬɜ əŬŰɎ Űɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ əŬŰɞɑəɤɜ 

Űɞɡ Ronneby, ŬəɧɛŬ əŬɘ 6 ɛɐɜŮɠ ɛŮŰɎ Űɖɜ ɏəɗŮůɖ Űɞɡɠ, ɡˊɞŭɖɚɩɜŰŬɠ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ Űɖɜ 

ŭɡůəɞɚɑŬ Ŭˊɞɓɞɚɐɠ Űɞɡɠ Ŭˊɧ Űɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ əŬɘ Ůɜ ŰɏɚŮɘ Űɖɜ ůɞɓŬɟɧŰɖŰŬ Űɖɠ 

ɟɨˊŬɜůɖɠ Űɞɡ ˊɧůɘɛɞɡ ɜŮɟɞɨ Ŭˊɧ ŬɡŰɎ [25].  

 

3.1.2 ȰəɗŮůɖ ɛɏůɤ Űɞɡ ŮŭɎűɞɡɠ, Űɖɠ ɓɚɎůŰɖůɖɠ əŬɘ Űɞɡ ŬɏɟŬ 

ɇŬ PFAS ŮɘůɏɟɢɞɜŰŬɘ ůŰɞ ɏŭŬűɞɠ Ŭˊɧ Űɞ ˊɧŰɘůɛŬ ɛŮ ɟɡˊŬůɛɏɜɞ ɜŮɟɧ, Űɖɜ ŮűŬɟɛɞɔɐ ɟɡˊŬůɛɏɜɞɡ 

əɧɛˊɞůŰ, Űɖ ɢɟɐůɖ ůɡɔəŮəɟɘɛɏɜɤɜ Ŭűɟɩɜ ́ ɡɟɧůɓŮůɖɠ əŬɘ Ŭˊɧ ŰŬ ůŰɟŬɔɔɑůɛŬŰŬ Űɤɜ ɢɩɟɤɜ 

ɡɔŮɘɞɜɞɛɘəɐɠ ŰŬűɐɠ. ȼ ˊɟɧůɚɖɣɖ Űɞɡɠ Ŭˊɧ ŰŬ űɡŰɎ ɏɢŮɘ ɤɠ ůɡɜɏˊŮɘŬ Űɖɜ Ůɑůɞŭɧ Űɞɡɠ ůŰɖɜ 

Űɟɞűɘəɐ ŬɚɡůɑŭŬ. Ƀɘ ŮɜɩůŮɘɠ ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ ŰŮɑɜɞɡɜ ɜŬ ůɡůůɤɟŮɨɞɜŰŬɘ ůŰŬ űɨɚɚŬ əŬɘ Űɞɡɠ 

əŬɟˊɞɨɠ Űɤɜ űɡŰɩɜ, Ůɜɩ ɞɘ ŮɜɩůŮɘɠ ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ əɡɟɑɤɠ ůŰɘɠ ɟɑɕŮɠ. Ⱥˊɘˊɚɏɞɜ, ɏɟŮɡɜŬ ˊɞɡ 

ŭɖɛɞůɘŮɨŰɖəŮ Ŭˊɧ Űɞɡɠ Peng, M. et. al. (2024), ́ŬɟɞɡůɑŬůŮ Űɞ ɏŭŬűɞɠ ůŮ ɢɩɟɞɡɠ ́ŬɟŬɔɤɔɐɠ əŬɘ 

ŬˊɞɗɐəŮɡůɖɠ PFAS ɤɠ ŭɡɜɖŰɘəɧ ɛɏůɞ ɏəɗŮůɖɠ Űɤɜ ŮɟɔŬŰɩɜ ůŮ PFOS əɡɟɑɤɠ ɚɧɔɤ Űɖɠ Ŭɘɩɟɖůɖɠ 

ůəɧɜɖɠ. ɆɡɜɞɣɑɕɞɜŰŬɠ, ɖ ˊŬɟɞɡůɑŬ PFAS ůŰɞ ɏŭŬűɞɠ ɞŭɖɔŮɑ ůŰɖ ůɡůůɩɟŮɡůɐ Űɞɡɠ ůŮ űɡŰɎ, 

ɚŬɢŬɜɘəɎ əŬɘ Ɏɚɚɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ, ůŰɖɜ Ůɑůɞŭɧ Űɞɡɠ ůŰɖɜ Űɟɞűɘəɐ ŬɚɡůɑŭŬ əŬɘ ůɡɜŮˊɩɠ ůŰɖɜ 

ɏəɗŮůɖ Űɞɡ Ŭɜɗɟɩˊɞɡ [26].  

 

3.1.3 ȰəɗŮůɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ů́ ŬɔɔŮɚɛŬŰɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ 

ȼ ɏəɗŮůɖ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮˊŬɔɔŮɚɛŬŰɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ɕɐŰɖɛŬ 

ɔɘŬ Űɖɜ ɡɔŮɑŬ Űɞɡ ˊɟɞůɤˊɘəɞɨ. ȺɟɔŬɕɧɛŮɜɞɘ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ŮˊŬɔɔɏɚɛŬŰŬ, ɧˊɤɠ ˊɡɟɞůɓɏůŰŮɠ 

əŬɘ ŮɟɔŬɕɧɛŮɜɞɘ ůŮ ŮɟɔɞůŰɎůɘŬ ˊŬɟŬɔɤɔɐɠ űɗɞɟɘɤɛɏɜɤɜ ɢɖɛɘəɩɜ, ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ PFAS ůŰɞ ŬɑɛŬ Űɞɡɠ. ȿɧɔɤ Űɤɜ ɘŭɘŬɑŰŮɟɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ, ŰŬ PFAS 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŰɖɜ əŬŰŬůəŮɡɐ ɖɚŮəŰɟɞɜɘəɩɜ Ůɘŭɩɜ. ɋůŰɧůɞ, ɖ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŰɘɠ 

ɖɚŮəŰɟɞɜɘəɏɠ ůɡůəŮɡɏɠ ŬɡɝɎɜŮɘ Ůˊɑůɖɠ Űɞɜ əɑɜŭɡɜɞ ɏəɗŮůɖɠ ɔɘŬ Űɞɡɠ ŮɟɔŬɕɧɛŮɜɞɡɠ ́ ɞɡ 
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ŬˊŬůɢɞɚɞɨɜŰŬɘ ůŮ ŮɔəŬŰŬůŰɎůŮɘɠ ŭɘŬɢŮɑɟɘůɖɠ əŬɘ ŬɜŬəɨəɚɤůɖɠ ɖɚŮəŰɟɞɜɘəɩɜ ŬˊɧɓɚɖŰɩɜ, 

əɡɟɑɤɠ ɛɏůɤ Ůɘůˊɜɞɐɠ əŬɘ Ŭˊɞɟɟɧűɖůɖɠ Ŭˊɧ Űɞ ŭɏɟɛŬ. ɄŬɟ' ɧɚŬ ŬɡŰɎ, ɞɘ ɛŮɚɏŰŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ 

ɏəɗŮůɖ Űɤɜ ŮɟɔŬɕɞɛɏɜɤɜ ůŮ PFAS ůŰɞ ɢɩɟɞ ŮɟɔŬůɑŬɠ ɏɢɞɡɜ ˊŮɟɘɞɟɘůŰŮɑ əɡɟɑɤɠ ůŰɞ ˊɟɞůɤˊɘəɧ 

Űɤɜ ŮɟɔɞůŰŬůɑɤɜ ́ ŬɟŬɔɤɔɐɠ űɗɞɟɞɢɖɛɘəɩɜ. ȷˊŬɘŰŮɑŰŬɘ Ůˊɘˊɚɏɞɜ ɏɟŮɡɜŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɏəɗŮůɖ 

ůŰɞ ɢɩɟɞ ŮɟɔŬůɑŬɠ ŭɘŬűɞɟŮŰɘəɩɜ ŮˊŬɔɔŮɚɛŬŰɘəɩɜ əŬɘ ɓɘɞɛɖɢŬɜɘəɩɜ əɚɎŭɤɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ɔɑɜɞɡɜ ɛŮɚɚɞɜŰɘəɏɠ ůɡůŰɎůŮɘɠ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ́ɟɞůŰŬůɑŬ Űɤɜ ŮɟɔŬɕɞɛɏɜɤɜ [27]. 

 

3.1.4 ȰəɗŮůɖ ɛɏůɤ əŬŰŬɜŬɚɤŰɘəɩɜ ɟ́ɞɥɧɜŰɤɜ  

PFAS ɏɢɞɡɜ ŬɜɘɢɜŮɡŰŮɑ ůŮ ŭɘɎűɞɟŬ ́ ɟɞɥɧɜŰŬ ɞɘəɘŬəɐɠ ɢɟɐůɖɠ ɧˊɤɠ ɢŬɟŰɑ, ŰŬˊŮŰůŬɟɑŮɠ, ɢŬɚɘɎ, 

ɟɞɨɢŬ, ́ŬˊɞɨŰůɘŬ, ɢɟɩɛŬŰŬ, əŬɗŬɟɘůŰɘəɎ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ůɡɛɓɎɚɚŮɘ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ɏəɗŮůɖ 

ŮɑŰŮ ɎɛŮůŬ, ɛŮ Űɖ ɢɟɐůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ˊɟɞɥɧɜŰɤɜ ŮɑŰŮ ɏɛɛŮůŬ ɛŮ Űɖɜ ɛŮŰŬűɞɟɎ Űɞɡɠ ůŮ 

ŮˊɘűɎɜŮɘŮɠ ɛŮ Űɘɠ ɞˊɞɑŮɠ ɏɟɢŮŰŬɘ əŬɜŮɑɠ ůŮ ŮˊŬűɐ. Ⱥˊɘˊɚɏɞɜ, ˊɞɚɡɎɟɘɗɛŮɠ ˊɟɧŭɟɞɛŮɠ ŮɜɩůŮɘɠ ́ɞɡ 

ŮɜŰɞˊɑɕɞɜŰŬɘ ůŮ əŬŰŬɜŬɚɤŰɘəɎ ŬɔŬɗɎ, ɧˊɤɠ əŬɚɚɡɜŰɘəɎ ˊɟɞɥɧɜŰŬ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ˊɞɨŭɟŮɠ, 

ŬɜŰɖɚɘŬəɎ ə.ɚˊ., ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ɓɘɞɛŮŰŬůɢɖɛŬŰɘůŰɞɨɜ əŬɘ ŰŮɚɘəɎ ɜŬ ůɡůůɤɟŮɡŰɞɨɜ ůŰɞ 

Ŭɜɗɟɩˊɘɜɞ ůɩɛŬ. ɆŮ ɏɟŮɡɜŬ ́ ɞɡ ŭɘŮɝɐɢɗɖ Ŭˊɧ Űɞɡɠ Abraham, K., & Monien, B. H. (2022), 

ŬɜŰɖɚɘŬəɧ Űɞ ɞˊɞɑɞ ˊŮɟɘŮɑɢŮ PFOA ŮűŬɟɛɧůŰɖəŮ ůŰɞ ŭɏɟɛŬ Ůɜɧɠ ŮɗŮɚɞɜŰɐ, ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɜŬ əŬŰŬŭŮɘəɜɨɞɡɜ ůɖɛŬɜŰɘəɐ ˊɟɧůɚɖɣɖ PFAA ɛɏůɤ ŭɘŬŭŮɟɛɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ. ȼ ůɡůůɩɟŮɡůɖ 

PFAS ůŰɞ ůɩɛŬ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟɖ ɚɧɔɤ Űɖɠ Ůɡɜɞɥəɐɠ ɛŮŰŬűɞɟɎɠ Űɞɡɠ ɛɏůɤ Űɞɡ ŭɏɟɛŬŰɞɠ əŬɘ Űɖɠ 

ɢŬɛɖɚɐɠ Ŭˊɏəəɟɘůɐɠ Űɞɡɠ Ŭˊɧ ŰŬ ɞɨɟŬ. Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ əŬɘ ɖ ůɤůŰɐ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ůɖɛŬůɑŬɠ 

Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɞŭɩɜ ɏəɗŮůɖɠ ŬˊɞŰŮɚŮɑ əɟɑůɘɛɞ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɤɜ ɛŮŰŬɓɞɚɩɜ 

Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ PFAS ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ [28]. 

 

3.2 ɄɘɗŬɜɏɠ Ⱥɘ́ˊŰɩůŮɘɠ ůŰɖɜ ȷɜɗɟɩˊɘɜɖ ɈɔŮɑŬ 

ȼ ŰɎůɖ Űɤɜ PFAS ɜŬ ɓɘɞůɡůůɤɟŮɨɞɜŰŬɘ ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ, ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ 

ůɞɓŬɟɎ ˊɟɞɓɚɐɛŬŰŬ ɡɔŮɑŬɠ. ȺɜɩůŮɘɠ ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ ɧˊɤɠ Űɞ PFOA əŬɘ Űɞ PFOS ɏɢɞɡɜ 

ůɡůɢŮŰɘůŰŮɑ ɛŮ Ŭɨɝɖůɖ əŬɟŭɘŬɔɔŮɘŬəɩɜ ˊŬɗɐůŮɤɜ, ɢŬɛɖɚɧ ɓɎɟɞɠ ɔɏɜɜɖůɖɠ, ɢŬɛɖɚɧ Ŭɟɘɗɛɧ 

ůˊŮɟɛŬŰɞɕɤŬɟɑɤɜ, əŬɟəɑɜɞ Űɤɜ ɜŮűɟɩɜ əŬɘ Űɤɜ ɧɟɢŮɤɜ, ɜɧůɤɜ Űɞɡ ɗɡɟŮɞŮɘŭɞɨɠ, 

ŬɜɞůɞŰɞɝɘəɧŰɖŰŬ əŬɘ ɡˊɏɟŰŬůɖ [40],[39],[42]. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ 

ˊɘɗŬɜɏɠ ŬɟɜɖŰɘəɏɠ ŮˊɘŭɟɎůŮɘɠ Űɞɡɠ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ. 

 

3.2.1 ȷɜɞůɞŰɞɝɘəɧŰɖŰŬ 

ȼ ɏəɗŮůɖ ůŮ PFAS ɛˊɞɟŮɑ ɜŬ əŬŰŬůŰŮɑɚŮɘ Űɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ŬɜɞůɞŬˊɧəɟɘůɖɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ 

Liang, L. et. al. (2022), ɛŮɚɏŰŮɠ in vitro ŭŮɑɢɜɞɡɜ ɧŰɘ ɞɘ ɡˊŮɟűɗɞɟɘɤɛɏɜŮɠ ɞɡůɑŮɠ ŮˊɖɟŮɎɕɞɡɜ ŰŬ 

əɨŰŰŬɟŬ Űɞɡ ŬɜɞůɞˊɞɘɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŬɚɚɎɕɞɜŰŬɠ Űɖɜ ɏəűɟŬůɖ Űɤɜ əɡŰɞəɘɜɩɜ. ɇŬ PFOS əŬɘ 

PFOA ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ ůŰɞɡɠ ɡˊɞŭɞɢŮɑɠ PPAR (Peroxisome proliferator-activated 

receptor). Ƀɘ ůɡɔəŮəɟɘɛɏɜɞɘ ɡˊɞŭɞɢŮɑɠ  ůɡɜŬɜŰɩɜŰŬɘ ůŮ ˊɞɚɚɎ ůɖɛŮɑŬ ůŰɞɜ Ŭɜɗɟɩˊɘɜɞ ɞɟɔŬɜɘůɛɧ 

əŬɘ ɟɡɗɛɑɕɞɡɜ Űɖɜ ɏəűɟŬůɖ Űɤɜ ɔɞɜɘŭɑɤɜ ˊɟɞəŬɚɩɜŰŬɠ ɛŮŰŬɓɞɚɏɠ ůŰɘɠ ɞŭɞɨɠ Űɤɜ ɚɘˊɘŭɑɤɜ, ůŰɖɜ 

Ŭɨɝɖůɖ Űɖɠ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ Űɖɠ ɛŮɛɓɟɎɜɖɠ Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ əŬɘ ůŰɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ əŬɘ Űɖ 
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ŭɘŬɛɧɟűɤůɖ Űɤɜ əɡŰŰɎɟɤɜ [43]. ȼ ŬɜɑɢɜŮɡůɖ Űɖɠ ŬɜɞůɞŰɞɝɘəɧŰɖŰŬɠ ŮɑɜŬɘ ůɢŮŰɘəɎ Ůɨəɞɚɖ Ŭəɧɛɖ 

əŬɘ ɔɘŬ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ɏəɗŮůɖɠ. ɀŮɚɏŰɖ Ŭˊɧ Űɞɡɠ Dassuncao, C. et. al. (2018), ŮˊɘəŮɜŰɟɩɗɖəŮ 

ůŰɖɜ ŮˊɑŭɟŬůɖ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ PFAS ůŰɞ ŬɑɛŬ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ˊŬɟŬɔɤɔɐ 

ŬɜŰɘůɤɛɎŰɤɜ ɞɟɞɨ ůŮ ˊŬɘŭɘɎ ɖɚɘəɑŬɠ 5 ɏɤɠ 7 ŮŰɩɜ ɛŮŰɎ Űɞɜ ŮɛɓɞɚɘŬůɛɧ Űɞɡɠ əŬŰɎ Űɞɡ ŰŮŰɎɜɞɡ 

əŬɘ Űɖɠ ŭɘűɗŮɟɑŰɘŭŬɠ. ɀŮ Űɞɜ ŭɘˊɚŬůɘŬůɛɧ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ PFOS, PFOA əŬɘ PFHxS ůŰɞ ŬɑɛŬ 

ůŮ ˊŬɘŭɘɎ ɖɚɘəɑŬɠ 5 ŮŰɩɜ ˊŬɟŬŰɖɟɐɗɖəŮ ɛŮɑɤůɖ 50% ůŰɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŬɜŰɘůɤɛɎŰɤɜ [41]. 

 

3.2.2 Ʉɟɧəɚɖůɖ əŬɟəɑɜɞɡ 

Ƀ ȹɘŮɗɜɐɠ ɃɟɔŬɜɘůɛɧɠ ȰɟŮɡɜŬɠ ɔɘŬ Űɞɜ ȾŬɟəɑɜɞ (IARC) ɏɢŮɘ ŰŬɝɘɜɞɛɐůŮɘ Űɘɠ ŮɜɩůŮɘɠ PFAS ɤɠ 

ˊɘɗŬɜɩɠ əŬɟəɘɜɞɔɧɜŮɠ ɔɘŬ Űɞɜ Ɏɜɗɟɤˊɞ. ȺɘŭɘəɧŰŮɟŬ, ɖ ɏəɗŮůɖ Űɞɡ Ŭɜɗɟɩˊɞɡ ůŮ ŬɡŰɎ ɏɢŮɘ 

ůɡɜŭŮɗŮɑ ɛŮ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ əŬɟəɑɜɞɡ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ əŬɟəɑɜɞɡ Űɤɜ ɜŮűɟɩɜ, Űɤɜ 

ɧɟɢŮɤɜ, Űɞɡ ˊɟɞůŰɎŰɖ əŬɘ Űɞɡ ɐˊŬŰɞɠ. ɇŬ PFAS ́ ɟɞəŬɚɞɨɜ ˊɞɚɡɎɟɘɗɛŮɠ ɛŮŰŬɓɞɚɏɠ ůŰɞɜ 

ɞɟɔŬɜɘůɛɧ, ́ ŬɟɧɛɞɘŮɠ ɛŮ ŮəŮɑɜŮɠ ˊɞɡ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮˊɘűɏɟŮɘ ɛɘŬ əŬɟəɘɜɞɔɏɜŮůɖ, ɧˊɤɠ ɖ 

ˊɟɧəɚɖůɖ ɞɝŮɘŭɤŰɘəɞɨ ůŰɟŮɠ ɐ ɖ ŭɘŬŰɎɟŬɝɖ Űɤɜ əɡŰŰŬɟɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ. Ⱥɜɩ ŰŬ PFAS ŭŮɜ 

űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɎɛŮůŬ ɛŮŰŬɚɚŬɝɘɞɔɧɜŬ, ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ ˊɞɘəɑɚɞɘ ́ɘɗŬɜɞɑ ɛɖɢŬɜɘůɛɞɑ ˊɟɧəɚɖůɖɠ 

əŬɟəɑɜɞɡ. ɇɟŮɘɠ əɨɟɘɞɘ ˊɟɞŰŮɘɜɧɛŮɜɞɘ Űɟɧˊɞɘ ŭɟɎůɖɠ Űɞɡɠ ŮɑɜŬɘ ɛɏůɤ ˊɟɧəɚɖůɖɠ ɛŮŰŬɓɞɚɘəɩɜ, 

Ůɜŭɞəɟɘɜɘəɩɜ əŬɘ ŮˊɘɔŮɜŮŰɘəɩɜ ŭɘŬŰŬɟŬɢɩɜ. ɄɟɞəŬɚɞɨɜ ɏɜŬ Ůɡɟɨ űɎůɛŬ ɓɘɞɚɞɔɘəɩɜ ŬɚɚŬɔɩɜ ůŮ 

ˊɞɚɡɎɟɘɗɛŮɠ ɛɞɟɘŬəɏɠ ɞŭɞɨɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ əŬɟəɘɜɞɔɏɜŮůɖ. ɀŮŰŬɝɨ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ 

əŬŰɖɔɞɟɘɩɜ PFAS, ɞɘ ŮɜɩůŮɘɠ ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ ŭɨɜŬŰŬɘ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ɕɖɛɘɎ ɚɧɔɤ 

Űɖɠ ˊŬɟɞɡůɑŬɠ ˊɟɧůɗŮŰɤɜ ŭŮůɛɩɜ CïF. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŮɜɩůŮɘɠ  PFAS ́ɞɡ ˊŮɟɘɏɢɞɡɜ ˊŬɟɎɔɤɔŬ 

ůɞɡɚűɞɜɘəɩɜ ɞɝɏɤɜ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ɤɠ ɞɘ ˊɚɏɞɜ ŮˊɘɓɚŬɓŮɑɠ [38],[39].  

 

3.2.3 Ⱥɜŭɞəɟɘɜɘəɏɠ əŬɘ ɁŮűɟɘəɏɠ ȹɘŬŰŬɟŬɢɏɠ 

ɇɞ PFOA ŬˊɞŰŮɚŮɑ ɛɘŬ ɏɜɤůɖ PFAS ́ɞɡ ɏɢŮɘ ůɡɜŭŮɗŮɑ ɛŮ Űɖɜ ˊɟɧəɚɖůɖ Ůɜŭɞəɟɘɜɘəɩɜ ŭɘŬŰŬɟŬɢɩɜ 

ůŮ Ŭɜɗɟɩˊɞɡɠ əŬɘ ɕɩŬ. ɀˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ Űɖɜ ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ ŭɘŬűɞɟŮŰɘəɩɜ Ůɜŭɞəɟɘɜɘəɩɜ 

ɞɟɔɎɜɤɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ɤɞɗɖəɩɜ, Űɤɜ ɛŬůŰɩɜ, Űɤɜ ɧɟɢŮɤɜ, Űɞɡ ŮɔəŮűɎɚɞɡ, Űɞɡ 

ˊŬɔəɟɏŬŰɞɠ, Űɖɠ ɛɐŰɟŬɠ əŬɘ Űɞɡ ɗɡɟŮɞŮɘŭɞɨɠ. ɄɘɗŬɜɞɚɞɔŮɑŰŬɘ ɧŰɘ ŮˊɖɟŮɎɕŮɘ ŭɘɎűɞɟɞɡɠ 

ɓɘɞɚɞɔɘəɞɨɠ ɛɖɢŬɜɘůɛɞɨɠ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ůŰɖɜ ɞɛɞɘɧůŰŬůɖ Űɞɡ ɗɡɟŮɞŮɘŭɞɨɠ, ɧˊɤɠ Űɖɜ 

ˊŬɟŬɔɤɔɐ ɗɡɟŮɞŮɘŭɘəɩɜ ɞɟɛɞɜɩɜ, əŬɗɩɠ əŬɘ Űɖ ɛŮŰŬűɞɟɎ, Űɞɜ ɛŮŰŬɓɞɚɘůɛɧ əŬɘ Űɖɜ 

ŬɚɚɖɚŮˊɑŭɟŬůɐ Űɞɡɠ ɛŮ Űɞɡɠ ɡˊɞŭɞɢŮɑɠ Űɞɡ ɗɡɟŮɞŮɘŭɞɨɠ ŬŭɏɜŬ. ɆɨɛűɤɜŬ ɛŮ ɏɜŬɜ Ŭˊɧ Űɞɡɠ 

ˊɟɞŰŮɘɜɧɛŮɜɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ŭɟɎůɖɠ, ŰŬ PFOA ɛŮɘɩɜɞɡɜ ŰŬ ŮˊɑˊŮŭŬ ɞɟɛɞɜɩɜ ɇ4 ůŰɖɜ 

əɡəɚɞűɞɟɑŬ Űɞɡ ŬɑɛŬŰɞɠ, ɚŮɘŰɞɡɟɔɩɜŰŬɠ ŬɜŰŬɔɤɜɘůŰɘəɎ əŬɘ ˊɟɞůŭɏɜɞɜŰŬɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ 

Ůɘŭɘəɩɜ ˊɟɤŰŮɥɜɩɜ ɛŮŰŬűɞɟɎɠ [46]. ɇɞɝɘəɞɚɞɔɘəɐ ɏɟŮɡɜŬ Ŭˊɧ Űɞɡɠ Stanifer, J. et. al. (2018) 

ŬˊɞəɎɚɡɣŮ ˊɘɗŬɜɏɠ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ PFAS əŬɘ Űɖɠ ˊɟɧəɚɖůɖɠ ɛŮɘɤɛɏɜɖɠ ɜŮűɟɘəɐɠ 

ɚŮɘŰɞɡɟɔɑŬɠ əŬɘ Űɞɡ əŬɟəɑɜɞɡ Űɤɜ ɜŮűɟɩɜ. Ⱥˊɘˊɚɏɞɜ, ŬˊɞəɎɚɡɣŮ Űɖɜ ůˊɞɡŭŬɘɧŰɖŰŬ Űɖɠ ɜŮűɟɘəɐɠ 

ɞŭɞɨ ɤɠ ɛɏůɞ Ŭ́ ɞɓɞɚɐɠ ɞɡůɘɩɜ ŬɚɚɎ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ɏəɗŮůɖ ůŮ PFAS ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ 

ůɖɛŬɜŰɘəɎ Űɖɜ ɞɛŬɚɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬ, ˊɟɞəŬɚɩɜŰŬɠ ŭɘɎűɞɟŮɠ ɜŮűɟɘəɏɠ ˊŬɗɐůŮɘɠ [45]. ȼ ˊŬɟɞɡůɑŬ 

Űɞɡɠ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ŭɘŬŰŬɟɎɝŮɘ ŬɟəŮŰɏɠ ɎɚɚŮɠ ɓɘɞɚɞɔɘəɏɠ ɞŭɞɨɠ. ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ 

Űɞɡ ɛɖɢŬɜɘůɛɞɨ ŭɏůɛŮɡůɖɠ Űɞɡ PFOA Ŭˊɧ Ůɘŭɘəɏɠ ˊɟɤŰŮȶɜŮɠ ɛŮŰŬűɞɟɎɠ, ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ŭɘɎűɞɟŮɠ ˊŮɘɟŬɛŬŰɘəɏɠ ŰŮɢɜɘəɏɠ əŬɘ ɡˊɞɚɞɔɘůŰɘəɏɠ ɛɏɗɞŭɞɘ. ɇŬ ɡˊŮɟűɗɞɟɞŬɚəɡɚɘəɎ ɧɝɏŬ 
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ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛŬəɟɎ űɗɞɟɘɤɛɏɜɖ ŬɚɡůɑŭŬ ɛŮ ɡŭɟɧűɞɓŮɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ŰŮɟɛŬŰɘəɐ ɧɝɘɜɖ 

ɚŮɘŰɞɡɟɔɘəɐ ɞɛɎŭŬ ˊɞɡ ŭɞɛɘəɎ ˊɟɞůɞɛɞɘɎɕŮɘ ŰŬ ɚɘˊŬɟɎ ɞɝɏŬ. ȿɧɔɤ ŬɡŰɐɠ Űɖɠ ŭɞɛɘəɐɠ 

ɞɛɞɘɧŰɖŰŬɠ, ŬɡŰɎ ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ ŬɜŰŬɔɤɜɘůŰɘəɎ ɛŮ ŭɘɎűɞɟŮɠ ˊɟɤŰŮȶɜŮɠ ɛŮŰŬűɞɟɎɠ 

ŬəɞɚɞɡɗɩɜŰŬɠ Űɞɜ ɑŭɘɞ ɛɖɢŬɜɘůɛɧ ŭɏůɛŮɡůɖɠ ɧˊɤɠ ŰŬ ɚɘˊŬɟɎ ɞɝɏŬ. ɀˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ 

ŬˊŮɡɗŮɑŬɠ ůŰɞɜ ɗɨɚŬəŬ ŭɏůɛŮɡůɖɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ ɛɏůɤ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ Van der Waals Űɤɜ 

ɡŭɟɧűɞɓɤɜ Ŭɚɡůɑŭɤɜ ŬɚɚɎ əŬɘ ɛŮ Űɞ ůɢɖɛŬŰɘůɛɧ ŭŮůɛɩɜ ɡŭɟɞɔɧɜɞɡ ɛŮ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜŮɠ 

ɧɝɘɜŮɠ ŰŮɟɛŬŰɘəɏɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ. ɀˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ůɡɜŭŮɗɞɨɜ ůŮ ŬɚɚɞůŰŮɟɘəɏɠ ɗɏůŮɘɠ, 

ˊɟɞəŬɚɩɜŰŬɠ ŭɞɛɘəɏɠ ŬɚɚŬɔɏɠ ůŰɘɠ ˊɟɤŰŮȶɜŮɠ, ɔŮɔɞɜɧɠ Űɞ ɞˊɞɑɞ ŮɜŭŮɢɞɛɏɜɤɠ ɜŬ ŮˊɖɟŮɎůŮɘ Űɖɜ 

əŬɜɞɜɘəɐ Űɞɡɠ ɚŮɘŰɞɡɟɔɑŬ [44],[47]. 

 

3.2.4 Ⱥˊɘ́ŰɩůŮɘɠ ůŰɖɜ Ůɛɓɟɡɥəɐ ŬɜɎˊŰɡɝɖ 

ȼ ɏəɗŮůɖ Űɤɜ ɔɡɜŬɘəɩɜ ůŮ PFAS əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ əɨɖůɖɠ ɏɢŮɘ ůɡɜŭŮɗŮɑ ɛŮ Űɖɜ ˊɟɧəɚɖůɖ 

ŬɟɜɖŰɘəɩɜ ŮˊɘˊŰɩůŮɤɜ əŬŰɎ Űɖɜ űɎůɖ ŬɜɎˊŰɡɝɖɠ Űɤɜ Ůɛɓɟɨɤɜ, ɛŮ Űɘɠ ŮˊɘˊŰɩůŮɘɠ ŬɡŰɏɠ ɜŬ 

ˊŬɟŬŰŮɑɜɞɜŰŬɘ əŬɘ ůŰɖ ɛŮŰɏˊŮɘŰŬ ɕɤɐ. ɀŮɚɏŰɖ Ŭˊɧ Űɞɡɠ Mamsen, L. et. al. (2017) əŬŰɏɔɟŬɣŮ Űɘɠ 

ˊɞůɧŰɖŰŮɠ ˊɏɜŰŮ ŮɜɩůŮɤɜ PFAS (PFDA, PFNA, PFOA, PFOS əŬɘ PFUnDA) ůŰŬ ɏɛɓɟɡŬ, ůŰɞ 

ɛɖŰɟɘəɧ ˊɚɎůɛŬ əŬɘ ůŰɞɜ ˊɚŬəɞɨɜŰŬ. Ⱥˊɘˊɚɏɞɜ, ɛŮɚŮŰɐɗɖəŮ ɖ ůɡɔəɏɜŰɟɤůɖ PFOS ́ɞɡ ɛˊɞɟŮɑ ɜŬ 

ɛŮŰŬűŮɟɗŮɑ Ŭˊɧ Űɖ ɛɖŰɏɟŬ ůŰɞ ɏɛɓɟɡɞ əŬɘ ɓɟɏɗɖəŮ ɧŰɘ ŬɡŰɐ ŮɑɜŬɘ ɡɣɖɚɧŰŮɟɖ ůŰɞ ɛɖŰɟɘəɧ ˊɚɎůɛŬ 

Ŭˊɧ ɧŰɘ ůŰɞɜ ˊɚŬəɞɨɜŰŬ əŬɘ ŰŬ ɧɟɔŬɜŬ Űɞɡ Ůɛɓɟɨɞɡ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɡˊɞŭɖɚɩɜŮɘ Űɖɜ ŰɎůɖ Űɤɜ 

PFAS ɜŬ ɛŮŰŬűɏɟɞɜŰŬɘ Ŭˊɧ Űɖ ɛɖŰɏɟŬ ůŰɞ ɏɛɓɟɡɞ, ŬˊɞŭŮɘəɜɨɞɜŰŬɠ əɑɜŭɡɜɞ ˊɟɞɔŮɜɜɖŰɘəɐɠ 

ɏəɗŮůɖɠ ůŮ ŬɡŰɎ [48]. Ⱥˊɘˊɚɏɞɜ, ɏɢŮɘ ŬɜŬɔɜɤɟɘůŰŮɑ ɧŰɘ ŰŬ PFAS ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬűŮɟɗɞɨɜ əŬɘ 

ɛɏůɤ Űɞɡ ɗɖɚŬůɛɞɨ ŬəɧɛŬ əŬɘ ɧŰŬɜ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ́ ɞɚɨ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ. Ƀɘ ɡɣɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ PFOS əŬɘ PFOA ůŮ ɏɛɓɟɡŬ ɏɢɞɡɜ ůɡůɢŮŰɘůŰŮɑ ɛŮ ɢŬɛɖɚɧŰŮɟɞ ɛɏůɞ ɓɎɟɞɠ 

ɔɏɜɜɖůɖɠ, ɛŮŰŬɓɞɚɏɠ ůŰɞ ɟɡɗɛɧ ŬɜɎˊŰɡɝɖɠ əŬŰɎ Űɖ ɓɟŮűɘəɐ əŬɘ ˊɟɩɘɛɖ ˊŬɘŭɘəɐ ɖɚɘəɑŬ [49],[50]. 

ɆŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ɛŮɟɘəɎ Ŭˊɧ ŰŬ ŭɘŬɗɏůɘɛŬ ůŰɞɘɢŮɑŬ ˊɞɡ 

ɏɢɞɡɜ ˊɟɞəɨɣŮɘ Ŭˊɧ ŭɘɎűɞɟŮɠ ɏɟŮɡɜŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ˊɘɗŬɜɏɠ ŮˊɘˊŰɩůŮɘɠ Űɤɜ PFAS ůŮ Ŭɜɗɟɩˊɞɡɠ 

əŬɘ ɕɩŬ. 
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ɄɑɜŬəŬɠ 3. 1: Ⱥˊɘůəɧˊɖůɖ Űɤɜ ˊɘɗŬɜɩɜ ŮˊɘˊŰɩůŮɤɜ Űɤɜ PFAS ůŰɖɜ ɡɔŮɑŬ (ATSDR, 2018) 
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ȾŮűɎɚŬɘɞ 4 - ɁɞɛɞɗŮůɑŬ 

4.1 ȾŬɜɞɜɘůɛɧɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ 2019/1021 ɔɘŬ Űɞɡɠ Ůˊɑɛɞɜɞɡɠ 

ɞɟɔŬɜɘəɞɨɠ ɟɨˊɞɡɠ (POPs) 

ȼ ɢɟɐůɖ Űɞɡ PFOS ɓɟɑůəŮŰŬɘ ɡˊɧ ˊŮɟɘɞɟɘůɛɧ ůŰɖɜ ȺȺ ɔɘŬ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ 10 ɢɟɧɜɘŬ, ɓɎůŮɘ Űɞɡ 

əŬɜɞɜɘůɛɞɨ Űɖɠ ȺȺ ɔɘŬ Űɞɡɠ Ůˊɑɛɞɜɞɡɠ ɞɟɔŬɜɘəɞɨɠ ɟɨˊɞɡɠ (POP). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Ŭˊɧ Űɞ 

2009, Űɞ ɡˊŮɟűɗɞɟɞɞəŰŬɜɞůɞɡɚűɞɜɘəɧ ɞɝɨ (PFOS) əŬɘ ŰŬ ˊŬɟɎɔɤɔɎ Űɞɡ ɏɢɞɡɜ ůɡɛˊŮɟɘɚɖűɗŮɑ 

ůŰɖ ŭɘŮɗɜɐ ůɨɛɓŬůɖ Űɖɠ ɆŰɞəɢɧɚɛɖɠ ɛŮ ůŰɧɢɞ Űɖɜ ŮɝɎɚŮɘɣɖ Űɖɠ ɢɟɐůɖɠ Űɞɡɠ. ȼ ůɨɛɓŬůɖ Űɖɠ 

ɆŰɞəɢɧɚɛɖɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Ůˊɑůɖɠ ŰŬ ɡˊŮɟűɗɞɟɞɞəŰŬɜɞɥəɎ ɞɝɏŬ (PFOA), ŰŬ ɎɚŬŰɎ Űɞɡɠ əŬɘ Űɘɠ 

ůɡɔɔŮɜŮɑɠ ŮɜɩůŮɘɠ Űɞɡɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ PFOA ɏɢŮɘ ŬˊŬɔɞɟŮɡŰŮɑ ɓɎůŮɘ Űɞɡ əŬɜɞɜɘůɛɞɨ ɔɘŬ 

Űɞɡɠ Ůˊɑɛɞɜɞɡɠ ɞɟɔŬɜɘəɞɨɠ ɟɨˊɞɡɠ Ŭˊɧ Űɘɠ 4 Ƚɞɡɚɑɞɡ 2020. ɇɞɜ Ƚɞɨɜɘɞ Űɞɡ 2022 ůɡɛˊŮɟɘɚɐűɗɖəŬɜ 

ůŰɖ ůɡɜɗɐəɖ, Űɞ PFHxS, ŰŬ ɎɚŬŰɎ Űɞɡ əŬɘ ɞɘ ůɢŮŰɘəɏɠ Űɞɡɠ ŮɜɩůŮɘɠ. ɇɏɚɞɠ, ŰŬ ɡˊŮɟűɗɞɟɘɤɛɏɜŬ 

əŬɟɓɞɝɡɚɘəɎ ɞɝɏŬ ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ (C > 9-21, PFCAs) ŮɝŮŰɎɕɞɜŰŬɘ ɔɘŬ ɜŬ ůɡɛˊŮɟɘɚɖűɗɞɨɜ ůŰɖ 

ůɨɛɓŬůɖ [106]. 

 

4.2 ɃɡůɑŮɠ ˊɞɚɨ ɛŮɔɎɚɖɠ ŬɜɖůɡɢɑŬɠ ɡˊɧ Űɞɜ əŬɜɞɜɘůɛɧ REACH (SVHC) 

ɃɟɘůɛɏɜŬ PFAS ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞɜ əŬŰɎɚɞɔɞ Űɞɡ əŬɜɞɜɘůɛɞɨ REACH ́ɞɡ ŬűɞɟɎ ɞɡůɑŮɠ 

ˊɞɡ ˊɟɞəŬɚɞɨɜ ˊɞɚɨ ɛŮɔɎɚɖ ŬɜɖůɡɢɑŬ (Substances of Very High Concern, SVHC), ɧˊɤɠ ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ ŰŬ PFOA, ŰŬ ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ PFCAs əŬɘ PFHxS. ɇɞɜ Ƚɞɨɜɘɞ Űɞɡ 2019, Űɞɜ 

ȽŬɜɞɡɎɟɘɞ Űɞɡ 2020 əŬɘ Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2023, ŬɜŰɑůŰɞɘɢŬ, ɞɘ ˊŬɟŬəɎŰɤ ɞɛɎŭŮɠ PFAS 

ŬɜŬɔɜɤɟɑůŰɖəŬɜ ɤɠ SVHC. 

ȷɡŰɏɠ ɞɘ ɞɛɎŭŮɠ ŮɑɜŬɘ: 

Å ɇɞ 2,3,3,3-ŰŮŰɟŬűɗɞɟɞ-2-(ŮˊŰŬűɗɞɟɞˊɟɞˊɞɝɡ) ˊɟɞˊɘɞɜɘəɧ ɞɝɨ, ŰŬ ɎɚŬŰŬ Űɞɡ əŬɘ ŰŬ 

ŬəɡɚŬɚɞɔɞɜɑŭɘŬ Űɞɡ (HFPO-DA), ɏɜŬ ɡˊɞəŬŰɎůŰŬŰɞ PFAS ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ ɔɘŬ Űɞ PFOA ůŰɖɜ 

ˊŬɟŬɔɤɔɐ űɗɞɟɞˊɞɚɡɛŮɟɩɜ, əŬɘ Űɞ ɎɚŬɠ Ŭɛɛɤɜɑɞɡ Űɞɡ ŮɑɜŬɘ əɞɘɜɩɠ ɔɜɤůŰɧ ɤɠ GenX.  

Å ɡˊŮɟűɗɞɟɞɓɞɡŰɎɜɘɞ ůɞɡɚűɞɜɘəɧ ɞɝɨ (PFBS) əŬɘ ŰŬ ɎɚŬŰɎ Űɞɡ 

Å ɡˊŮɟűɗɞɟɞŮˊŰŬɜɞɥəɧ ɞɝɨ (PFHpA) əŬɘ ŰŬ ɎɚŬŰɎ Űɞɡ. 

ȼ ŮɘůŬɔɤɔɐ ůŰɖ ɚɑůŰŬ SVHC ɓŬůɑůŰɖəŮ ůŰɖɜ ŬɜɗŮəŰɘəɧŰɖŰŬ, Űɖɜ əɘɜɖŰɘəɧŰɖŰŬ əŬɘ Űɖɜ 

ŰɞɝɘəɧŰɖŰɎ Űɞɡɠ, əŬɗɩɠ ɗŮɤɟɐɗɖəŮ ɧŰɘ ůɡɜɘůŰɞɨɜ ŬˊŮɘɚɐ ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ əŬɘ Űɖɜ ɎɔɟɘŬ 

ɕɤɐ ɧŰŬɜ ŮəŰɑɗŮɜŰŬɘ ůŮ ŬɡŰɎ.  Ⱥˊɘˊɚɏɞɜ, ɢŬɟŬəŰɖɟɑůŰɖəŬɜ ɤɠ ŮɜɩůŮɘɠ ɘůɞŭɨɜŬɛɖɠ ŬɜɖůɡɢɑŬɠ ɛŮ 

ɎɚɚŬ əŬɟəɘɜɞɔɧɜŬ, ɛŮŰŬɚɚŬɝɘɞɔɧɜŬ əŬɘ ŰɞɝɘəɎ ɔɘŬ Űɖɜ ŬɜŬˊŬɟŬɔɤɔɐ (CMRs) ɢɖɛɘəɎ, ɧˊɤɠ 

Ůˊɑůɖɠ əŬɘ ŬɜɗŮəŰɘəɎ, ɓɘɞůɡůůɤɟŮɨůɘɛŬ əŬɘ ŰɞɝɘəɎ/ˊɞɚɨ ŬɜɗŮəŰɘəɎ əŬɘ ˊɞɚɨ ɓɘɞůɡůůɤɟŮɨůɘɛŬ 

(PBTs/vPvBs) ɢɖɛɘəɎ [106]. 
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4.3 ȷɜŬɗŮɤɟɖɛɏɜɖ ɞŭɖɔɑŬ 2020/2184 Űɞɡ ȺɡɟɤˊŬɥəɞɨ Ⱦɞɘɜɞɓɞɡɚɑɞɡ 

ȼ ŬɜŬɗŮɤɟɖɛɏɜɖ ɃŭɖɔɑŬ 2020/2184 (recast of the Drinking Water Directive) ŬˊɞŰŮɚŮɑ Űɞɜ əɨɟɘɞ 

ɜɧɛɞ Űɖɠ ȺȺ ɔɘŬ Űɞ ˊɧůɘɛɞ ɜŮɟɧ. ȷűɞɟɎ Űɖɜ ˊɟɧůɓŬůɖ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ˊɞɡ 

ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ Ŭɜɗɟɩˊɘɜɖ əŬŰŬɜɎɚɤůɖ ɛŮ ůŰɧɢɞ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ɡɔŮɑŬɠ. ȼ ȺȺ 

ŮɜɏəɟɘɜŮ Űɖɜ ŬɜŬŭɘŬŰɡˊɤɛɏɜɖ ɞŭɖɔɑŬ ɔɘŬ Űɞ ˊɧůɘɛɞ ɜŮɟɧ Űɞɜ ȹŮəɏɛɓɟɘɞ Űɞɡ 2020. ȼ ɞŭɖɔɑŬ 

ŰɏɗɖəŮ ůŮ ɘůɢɨ Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2021, Ůɜɩ Űɞ ˊŮɟɘɗɩɟɘɞ Űɤɜ əɟŬŰɩɜ ɛŮɚɩɜ ɜŬ ŮɜŬɟɛɞɜɘůŰɞɨɜ 

ɛŮ ŮəŮɑɜɖ ɐŰŬɜ ɛɏɢɟɘ Űɞɜ ȽŬɜɞɡɎɟɘɞ Űɞɡ 2023. ȼ ŬɜŬŭɘŬŰɨˊɤůɖ Űɖɠ ɞŭɖɔɑŬɠ ŮɑɢŮ ɤɠ ůŰɧɢɞ Űɖɜ 

ˊŮɟŬɘŰɏɟɤ ˊɟɞůŰŬůɑŬ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ɡɔŮɑŬɠ, ɛɏůɤ Űɖɠ Ůɜɖɛɏɟɤůɖɠ Űɤɜ ˊɟɧŰɡˊɤɜ ˊɞɘɧŰɖŰŬɠ Űɞɡ 

ɜŮɟɞɨ əŬɘ Űɖɠ ŬɜŰɘɛŮŰɩˊɘůɖɠ ŬɜŬŭɡɧɛŮɜɤɜ ɟɨˊɤɜ ɧˊɤɠ Ůɜŭɞəɟɘɜɘəɞɨɠ ŭɘŬŰŬɟɎəŰŮɠ əŬɘ 

ɛɘəɟɞˊɚŬůŰɘəɎ. 

ȼ ɃŭɖɔɑŬ ɓɟɑůəŮɘ ŮűŬɟɛɞɔɐ: 

Å ůŰɞ ɜŮɟɧ, ŮˊŮɝŮɟɔŬůɛɏɜɞ ɐ ɛɖ, ˊɞɡ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ ˊɧůɘɛɞ, ɔɘŬ ɛŬɔŮɑɟŮɛŬ, ɔɘŬ ˊŬɟŬůəŮɡɐ 

űŬɔɖŰɞɨ ɐ ɔɘŬ Ɏɚɚɞɡɠ ɞɘəɘŬəɞɨɠ ůəɞˊɞɨɠ Űɧůɞ ůŮ ŭɖɛɧůɘɞɡɠ ɧůɞ əŬɘ ůŮ ɘŭɘɤŰɘəɞɨɠ ɢɩɟɞɡɠ, 

ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ ˊɟɞɏɚŮɡůɐ Űɞɡ əŬɘ ŮɎɜ ŰɟɞűɞŭɞŰŮɑŰŬɘ Ŭˊɧ ŭɑəŰɡɞ ŭɘŬɜɞɛɐɠ, ˊɟɞɛɖɗŮɨŮŰŬɘ 

Ŭˊɧ ɓɡŰɘɞűɧɟɞ ɐ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ űɘɎɚŮɠ ɐ ŭɞɢŮɑŬ,  

Å ůŰɞ ɜŮɟɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ŮˊɘɢŮɑɟɖůɖ Űɟɞűɑɛɤɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ, 

ŮˊŮɝŮɟɔŬůɑŬ, ůɡɜŰɐɟɖůɖ ɐ ŮɛˊɞɟɑŬ ˊɟɞɥɧɜŰɤɜ ɐ ɞɡůɘɩɜ ˊɞɡ ˊɟɞɞɟɑɕɞɜŰŬɘ ɔɘŬ Ŭɜɗɟɩˊɘɜɖ 

əŬŰŬɜɎɚɤůɖ. 

ȸŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŬɜŬɗŮɤɟɖɛɏɜɖɠ ɞŭɖɔɑŬɠ ŮɑɜŬɘ: 

Å ɖ Ůɜɑůɢɡůɖ Űɤɜ ́ ɟɞŰɨ́ɤɜ ́ ɞɘɧŰɖŰŬɠ ɜŮɟɞɨ, ůɨɛűɤɜŬ ɐ (ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ) 

ŬɡůŰɖɟɧŰŮɟŬ Ŭˊɧ Űɘɠ ůɡůŰɎůŮɘɠ Űɞɡ ɄŬɔəɧůɛɘɞɡ ɃɟɔŬɜɘůɛɞɨ ɈɔŮɑŬɠ (ɄɃɈ) 

Å ɖ ŬɜŰɘɛŮŰɩˊɘůɖ ŬɜŬŭɡɧɛŮɜɤɜ ɟɨˊɤɜ, ɧˊɤɠ Ůɜŭɞəɟɘɜɘəɞɑ ŭɘŬŰŬɟɎəŰŮɠ əŬɘ PFAS, əŬɗɩɠ əŬɘ 

ɛɘəɟɞˊɚŬůŰɘəɎ 

Å ɖ ́ ɟɞɚɖˊŰɘəɐ ˊɟɞůɏɔɔɘůɖ ˊɞɡ ŮɡɜɞŮɑ ŭɟɎůŮɘɠ ɔɘŬ Űɖ ɛŮɑɤůɖ Űɖɠ ɟɨˊŬɜůɖɠ ůŰɖɜ ˊɖɔɐ ɛŮ Űɖɜ 

ŮɘůŬɔɤɔɐ Űɖɠ ˊɟɞůɏɔɔɘůɖɠ ɓɎůŮɘ əɘɜŭɨɜɞɡ 

Å ŰŬ ɛɏŰɟŬ ɔɘŬ Űɖɜ ŮɝŬůűɎɚɘůɖ əŬɚɨŰŮɟɖɠ ˊɟɧůɓŬůɖɠ ůŰɞ ɜŮɟɧ, ɘŭɘŬɑŰŮɟŬ ɔɘŬ Űɘɠ ŮɡɎɚɤŰŮɠ əŬɘ 

ˊŮɟɘɗɤɟɘɞˊɞɘɖɛɏɜŮɠ ɞɛɎŭŮɠ 

Å ŰŬ ɛɏŰɟŬ ɔɘŬ Űɖɜ ˊɟɞɩɗɖůɖ Űɞɡ ɜŮɟɞɨ Űɖɠ ɓɟɨůɖɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ŭɖɛɧůɘɤɜ ɢɩɟɤɜ 

əŬɘ Űɤɜ ŮůŰɘŬŰɞɟɑɤɜ, ɔɘŬ Űɖ ɛŮɑɤůɖ Űɖɠ ɢɟɐůɖɠ ˊɚŬůŰɘəɩɜ ɛˊɞɡəŬɚɘɩɜ 

Å ɖ ŮɜŬɟɛɧɜɘůɖ Űɤɜ ˊɟɞŰɨˊɤɜ ˊɞɘɧŰɖŰŬɠ ɔɘŬ ɡɚɘəɎ əŬɘ ˊɟɞɥɧɜŰŬ ůŮ ŮˊŬűɐ ɛŮ Űɞ ɜŮɟɧ 

Å ŰŬ ɛɏŰɟŬ ɔɘŬ Űɖ ɛŮɑɤůɖ Űɤɜ ŭɘŬɟɟɞɩɜ ɜŮɟɞɨ əŬɘ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŭɘŬűɎɜŮɘŬɠ ůŰɖ ŭɘŬɢŮɑɟɘůɖ Űɞɡ 

ɆŰɖɜ ŬɜŬŭɘŬŰɨˊɤůɖ Űɖɠ ɃŭɖɔɑŬɠ ɔɘŬ Űɞ ˊɧůɘɛɞ ɜŮɟɧ, ɞɟɑɕŮŰŬɘ Űɞ ɧɟɘɞ ůɡɔəɏɜŰɟɤůɖɠ ɔɘŬ Űɞ 

ůɨɜɞɚɞ Űɤɜ PFAS ɛɘəɟɧŰŮɟɞ Ŭˊɧ 0,5 ɛg/L. Ⱥˊɘˊɚɏɞɜ, ɞɟɑɕɞɜŰŬɘ ŰŬ ɧɟɘŬ ůɡɔəɏɜŰɟɤůɖɠ ɔɘŬ 20 

ŭɘŬűɞɟŮŰɘəɏɠ ŮɜɩůŮɘɠ PFAS ɤɠ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 0,1 ɛg/L [107]. 
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4.4 Safe Drinking Water Act (SDWA)  

Ƀ ɜɧɛɞɠ ɔɘŬ ŬůűŬɚɏɠ ˊɧůɘɛɞ ɜŮɟɧ (Safe Drinking Water Act, SDWA) ɣɖűɑůŰɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ 

Ŭˊɧ Űɞ Ⱦɞɔəɟɏůɞ Űɞ 1974, ɛŮ ůəɞˊɧ Űɖɜ əŬŰɎɚɚɖɚɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ˊɧɟɤɜ ˊɧůɘɛɞɡ ɜŮɟɞɨ Űɖɠ 

ɢɩɟŬɠ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ. Ƀ ɜɧɛɞɠ ŰɟɞˊɞˊɞɘɐɗɖəŮ ˊɞɚɚɏɠ űɞɟɏɠ əŬɘ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɞɚɚɏɠ ŮɜɏɟɔŮɘŮɠ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɤɜ ˊɖɔɩɜ ɡŭɟɞɚɖɣɑŬɠ ˊɧůɘɛɞɡ ɜŮɟɞɨ, ɧˊɤɠ 

ˊɞŰɎɛɘŬ, ɚɑɛɜŮɠ, ŰŬɛɘŮɡŰɐɟŮɠ, ˊɖɔɏɠ əŬɘ ˊɖɔɎŭɘŬ ɡˊɧɔŮɘɤɜ ɡŭɎŰɤɜ. ȷɟɢɘəɎ, ŮˊɘəŮɜŰɟɩɗɖəŮ 

əɡɟɑɤɠ ůŰɞɡɠ Űɟɧˊɞɡɠ əŬŰɎɚɚɖɚɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɤɠ ɛɏůɞ ˊŬɟɞɢɐɠ ŬůűŬɚɞɨɠ ˊɧůɘɛɞɡ ɜŮɟɞɨ ůŰɞ 

əɞɘɜɧ. Ƀɘ ŰɟɞˊɞˊɞɘɐůŮɘɠ Űɞɡ 1996 ŮɜɑůɢɡůŬɜ ůɖɛŬɜŰɘəɎ Űɞɜ ɡűɘůŰɎɛŮɜɞ ɜɧɛɞ ŬɜŬɔɜɤɟɑɕɞɜŰŬɠ 

Űɖɜ ŬɜɎɔəɖ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ ɜŮɟɞɨ ůŰɖɜ ˊɖɔɐ Űɞɡ, Űɖ ɢɟɖɛŬŰɞŭɧŰɖůɖ ɔɘŬ ɓŮɚŰɘɩůŮɘɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ɨŭɟŮɡůɖɠ əŬɘ Űɖɜ Ůɜɖɛɏɟɤůɖ Űɞɡ əɞɘɜɞɨ. Ƀ SDWA ɘůɢɨŮɘ ɔɘŬ əɎɗŮ ŭɖɛɧůɘɞ ůɨůŰɖɛŬ 

ɨŭɟŮɡůɖɠ ůŰɘɠ ȼɜɤɛɏɜŮɠ ɄɞɚɘŰŮɑŮɠ. ȼ EPA ɗɏŰŮɘ ŮɗɜɘəɎ ˊɟɧŰɡˊŬ ˊɞɘɧŰɖŰŬɠ ɔɘŬ Űɞ ˊɧůɘɛɞ ɜŮɟɧ 

ɛŮ ůŰɧɢɞ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ɡɔŮɑŬɠ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ ŭɘŬɗɏůɘɛɖ ŰŮɢɜɞɚɞɔɑŬ əŬɘ 

Űɞ əɧůŰɞɠ. Ƀ əŬɜɞɜɘůɛɧɠ ɞɟɑɕŮɘ ŰŬ ɛɏɔɘůŰŬ ɧɟɘŬ ůɡɔəɏɜŰɟɤůɖɠ ɔɘŬ əɎɗŮ ɟɨˊɞ. Ⱥˊɘˊɚɏɞɜ, 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɖ ŭɘŮɜɏɟɔŮɘŬ Ůɚɏɔɢɤɜ Űɞɡ ˊɧůɘɛɞɡ ɜŮɟɞɨ, ɩůŰŮ ɜŬ ŭɘŬůűŬɚɑɕŮŰŬɘ 

ɧŰɘ ˊɚɖɟɞɨɜŰŬɘ ŰŬ ɧɟɘŬ ŬɡŰɎ. ȺəŰɧɠ Ŭˊɧ Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ˊɟɞŰɨˊɤɜ ˊɞɘɧŰɖŰŬɠ, ɖ EPA ́ŬɟɏɢŮɘ 

əŬɗɞŭɐɔɖůɖ, ɓɞɐɗŮɘŬ əŬɘ ˊɚɖɟɞűɧɟɖůɖ ůŰɞ əɞɘɜɧ ůɢŮŰɘəɎ ɛŮ Űɞ ˊɧůɘɛɞ ɜŮɟɧ, ůɡɚɚɏɔŮɘ ŭŮŭɞɛɏɜŬ 

əŬɘ ŮˊɘɓɚɏˊŮɘ ŰŬ ůɢŮŰɘəɎ əɟŬŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ. ȼ ɜɞɛɞɗŮůɑŬ ŮˊɘŰɟɏˊŮɘ, Űɧůɞ ůŰɖɜ EPA ɧůɞ əŬɘ 

ůŮ əɎɗŮ ˊɞɚɘŰŮɑŬ, ɜŬ Ůəŭɑŭɞɡɜ ŭɘɞɘəɖŰɘəɏɠ ŮɜŰɞɚɏɠ, ɜŬ ˊɟɞɓŬɑɜɞɡɜ ůŮ ɜɞɛɘəɏɠ ŮɜɏɟɔŮɘŮɠ əŬɘ 

ˊɟɧůŰɘɛŬ ůŮ ŮˊɘɢŮɘɟɐůŮɘɠ əɞɘɜɐɠ ɤűɏɚŮɘŬɠ ůɡůŰɖɛɎŰɤɜ ɨŭɟŮɡůɖɠ ˊɞɡ ŭŮɜ ˊɚɖɟɞɨɜ ŰŬ ˊɟɧŰɡˊŬ 

ŬůűŬɚŮɑŬɠ [108].  

 

4.5 National Primary Drinking Water Regulation (NPDWR) 

ɆŰɘɠ 10 ȷˊɟɘɚɑɞɡ 2024, ɖ EPA ŬɜŬəɞɑɜɤůŮ Űɞɜ ŰŮɚɘəɧ Ⱥɗɜɘəɧ ȾŬɜɞɜɘůɛɧ ɄɟɞŰɨˊɤɜ Ʉɧůɘɛɞɡ 

ɁŮɟɞɨ (NPDWR). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, əŬɗɧɟɘůŮ ɜɞɛɘəɎ ŭŮůɛŮɡŰɘəɎ ŮˊɑˊŮŭŬ, ɔɜɤůŰɎ ɤɠ ɀɏɔɘůŰŮɠ 

ɆɡɔəŮɜŰɟɩůŮɘɠ Ʌɨˊɤɜ (MCLs), ɔɘŬ ɏɝɘ PFAS ůŰɞ ˊɧůɘɛɞ ɜŮɟɧ: PFOA, PFOS, PFHxS, PFNA, əŬɘ 

HFPO-DA əŬɗɩɠ əŬɘ ɔɘŬ ɛɑɔɛŬŰŬ PFAS ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ŰŬ 

PFHxS, PFNA, HFPO-DA, əŬɘ PFBS, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬɜ ŭŮɑəŰɖ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ (Hazard 

Index MCL) ɩůŰŮ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ Űɞ ůɡɜŭɡŬůɛɏɜɞ ŮˊɑˊŮŭɞ Űɤɜ ́ ŬɟŬˊɎɜɤ PFAS ůŰɞ 

ˊɧůɘɛɞ ɜŮɟɧ. Ⱥˊɘˊɚɏɞɜ, ɖ EPA ɞɚɞəɚɐɟɤůŮ Űɞɡɠ ɡɔŮɘɞɜɞɛɘəɞɨɠ, ɛɖ ŭŮůɛŮɡŰɘəɞɨɠ ɆŰɧɢɞɡɠ 

ɀɏɔɘůŰɖɠ ɆɡɔəɏɜŰɟɤůɖɠ Ʌɨˊɤɜ (MCLGs) ɔɘŬ ŬɡŰɎ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ PFAS. ɆŰɞɜ ˊɑɜŬəŬ ˊɞɡ 

ŬəɞɚɞɡɗŮɑ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɜɏŬ ɧɟɘŬ ˊɞɡ ɏɗŮůŮ ɖ EPA [109]. 
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ɄɑɜŬəŬɠ 4. 1: ɁɞɛɞɗŮŰɘəɎ ɧɟɘŬ Űɞɡ əŬɜɞɜɘůɛɞɨ NPDWR (USEPA, 2024) 

 

 

Ƀ ŰŮɚɘəɧɠ əŬɜɞɜɘůɛɧɠ ŬˊŬɘŰŮɑ ɧŰɘ : 

¶ Ƀɘ ŭɘŬɢŮɘɟɘůŰɏɠ Űɤɜ ŭɖɛɧůɘɤɜ ůɡůŰɖɛɎŰɤɜ ɨŭɟŮɡůɖɠ ɗŬ ́ɟɏˊŮɘ ɜŬ ŬɜŬˊŰɨɝɞɡɜ 

ˊɟɞɔɟɎɛɛŬŰŬ ́ ŬɟŬəɞɚɞɨɗɖůɖɠ ůɢŮŰɘəɎ ɛŮ ŰŬ PFAS ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ˊŬɟŬˊɎɜɤ, Ůɜɩ ɗŬ 

ɏɢɞɡɜ ŰɟɑŬ ɏŰɖ ɔɘŬ ɜŬ ɞɚɞəɚɖɟɩůɞɡɜ Űɞ Ŭɟɢɘəɧ ˊɟɧɔɟŬɛɛŬ ́ ŬɟŬəɞɚɞɨɗɖůɖɠ (ɏɤɠ Űɞ 

2027). ɀŮŰɎ Ŭˊɧ ŬɡŰɧ Űɞ ŭɘɎůŰɖɛŬ ˊɟɞɓɚɏˊŮŰŬɘ ɖ ůɡɜŮɢɐɠ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ 

ůɡɔəŮɜŰɟɩůŮɤɜ Űɞɡɠ. Ⱥˊɘˊɚɏɞɜ, Ŭˊɧ Űɞ 2027 əŬɘ ɏˊŮɘŰŬ, ɗŬ  ́ɟɏˊŮɘ ɜŬ ˊŬɟɏɢɞɡɜ ůŰɞ əɞɘɜɧ 

ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ ŰŬ ŮˊɑˊŮŭŬ ŬɡŰɩɜ Űɤɜ PFAS ůŰɞ ˊɧůɘɛɞ ɜŮɟɧ. 

¶ Ƀɘ ŭɘŬɢŮɘɟɘůŰɏɠ Űɤɜ ŭɖɛɧůɘɤɜ ůɡůŰɖɛɎŰɤɜ ɨŭɟŮɡůɖɠ ɏɢɞɡɜ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊɏɜŰŮ ŮŰɩɜ 

(ɏɤɠ Űɞ 2029) ɔɘŬ ɜŬ ŮűŬɟɛɧůɞɡɜ ɚɨůŮɘɠ ˊɞɡ ɛŮɘɩɜɞɡɜ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ 

ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ PFAS, ŮɎɜ Űɞ ˊɟɧɔɟŬɛɛŬ ́ ŬɟŬəɞɚɞɨɗɖůɖɠ ŭŮɑɝŮɘ ɧŰɘ ŰŬ ŮˊɑˊŮŭŬ ůŰɞ 

ˊɧůɘɛɞ ɜŮɟɧ ɡˊŮɟɓŬɑɜɞɡɜ Űɘɠ Űɘɛɏɠ MCLs (ɀɏɔɘůŰŮɠ ɆɡɔəŮɜŰɟɩůŮɘɠ Ʌɨˊɤɜ). 

¶ ɂŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɞ 2029, ɞɘ ŭɘŬɢŮɘɟɘůŰɏɠ Űɤɜ ŭɖɛɧůɘɤɜ ůɡůŰɖɛɎŰɤɜ ɨŭɟŮɡůɖɠ, ůŰŬ ɞˊɞɑŬ 

ŬɜɘɢɜŮɨɞɜŰŬɘ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ PFAS ůŮ Űɘɛɏɠ ˊɞɡ ɡˊŮɟɓŬɑɜɞɡɜ ŬɡŰɏɠ Űɤɜ MCLs, ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɚɎɓɞɡɜ ɛɏŰɟŬ ɔɘŬ ɜŬ ɛŮɘɩůɞɡɜ ŰŬ ŮˊɑˊŮŭŬ ŬɡŰɎ əŬɘ ɜŬ ˊŬɟɎůɢɞɡɜ Ůɘŭɞˊɞɑɖůɖ 

ůŰɞ əɞɘɜɧ ɔɘŬ Űɖɜ ˊŬɟŬɓɑŬůɖ. 
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ȾŮűɎɚŬɘɞ 5 ï ɇŮɢɜɞɚɞɔɑŮɠ ŬˊɞɛɎəɟɡɜůɖɠ Ŭˊɧ Űɞ ˊɧůɘɛɞ ɜŮɟɧ 

5.1 Ⱦɞəəɩŭɖɠ ŮɜŮɟɔɧɠ ɎɜɗɟŬəŬɠ (GAC) 

5.1.1 ũŮɜɘəɐ ˊŮɟɘɔɟŬűɐ 

Ƀ əɞəəɩŭɖɠ ŮɜŮɟɔɧɠ ɎɜɗɟŬəŬɠ ŮɑɜŬɘ ɏɜŬ ˊɞɟɩŭŮɠ ˊɟɞůɟɞűɖŰɘəɧ ɛɏůɞ ɛŮ ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɐ Ůɘŭɘəɐ 

ŮˊɘűɎɜŮɘŬ. ȾŬŰŬůəŮɡɎɕŮŰŬɘ Ŭˊɧ ɛɘŬ ˊɞɘəɘɚɑŬ ˊɟɩŰɤɜ ɡɚɩɜ ɧˊɤɠ ɚɘɔɜɑŰɖ, Űɨɟűɖ, ɝɨɚɞ, əŮɚɨűɖ 

əŬɟɨŭŬɠ, ́ ŮŰɟŮɚŬɥəɩɜ ́ ɟɞɥɧɜŰɤɜ əŬɘ Ɏɚɚɤɜ ɡɚɘəɩɜ. ɀŮ Űɖɜ ŮűŬɟɛɞɔɐ ŭɘŬűɧɟɤɜ űɡůɘəɩɜ əŬɘ 

ɢɖɛɘəɩɜ ɛŮɗɧŭɤɜ ˊŬɟŬɔɤɔɐɠ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ əŬɘ/ɐ ɖ ɛŮɔɏɗɡɜůɖ ˊɧɟɤɜ Űɞɡ, ɛŮ 

ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ˊɞɟɩŭɞɡɠ ŭɞɛɐɠ ɛŮ ɛŮɔɎɚɖ ŮˊɘűɎɜŮɘŬ ŬɜɎ ɛɞɜɎŭŬ ɧɔəɞɡ 

[58]. ȼ ́ ɟɞůɟɞűɖŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ŮɔɔŮɜŮɑɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ 

ˊɟɩŰɖɠ ɨɚɖɠ, ɧˊɤɠ Űɖɜ əŬŰŬɜɞɛɐ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ˊɧɟɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ, Űɖ ɢɖɛɘəɐ űɨůɖ 

Űɖɠ ˊɖɔɐɠ ɎɜɗɟŬəŬ, ŭɖɚŬŭɐ Űɖɜ ˊɞůɧŰɖŰŬ ɞɝɡɔɧɜɞɡ əŬɘ ɡŭɟɞɔɧɜɞɡ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ŬɡŰɐɜ. 

Ⱥˊɘˊɚɏɞɜ, ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ əŬɘ Űɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɟɨˊɞɡ, Űɖ ɗŮɟɛɞəɟŬůɑŬ 

əŬɘ Űɞ pH Űɞɡ ɜŮɟɞɨ, Űɖɜ ŰŬɢɨŰɖŰŬ ɟɞɐɠ ɐ Űɞ ɢɟɧɜɞ ŮˊŬűɐɠ Űɞɡ ɜŮɟɞɨ ɛŮ Űɞ ˊɟɞůɟɞűɖŰɘəɧ ɡɚɘəɧ. 

ȾŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ, Űɞ ɜŮɟɧ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ ůŰɐɚŮɠ ɐ əɚɑɜŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ŮɜŮɟɔɧ ɎɜɗɟŬəŬ. 

ȼ ŭɘŬŭɘəŬůɑŬ ŭɘŬɢɤɟɑɕŮɘ Űɞɡɠ ŭɘŬɚɡɛɏɜɞɡɠ ɟɨˊɞɡɠ Ŭˊɧ Űɞ ɜŮɟɧ ɛɏůɤ Űɖɠ ˊɟɞůɟɧűɖůɖɠ Űɞɡɠ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɤɜ ˊɧɟɤɜ Űɞɡ ɛɏůɞɡ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ PFAS, ɖ ɓɘɓɚɘɞɔɟŬűɑŬ ˊŮɟɘɔɟɎűŮɘ ɧŰɘ ɞɘ 

əɨɟɘɞɘ ɛɖɢŬɜɘůɛɞɑ ˊɟɞůɟɧűɖůɖɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɡŭɟɧűɞɓŮɠ əŬɘ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ. Ƀɘ ɟɨˊɞɘ ŭŮůɛŮɨɞɜŰŬɘ Ŭˊɧ Űɞ ɛɏůɞ ɏɤɠ Űɞ ůɖɛŮɑɞ ˊɞɡ ɞ ɎɜɗɟŬəŬɠ ŭŮɜ ŮɑɜŬɘ 

ˊɚɏɞɜ ůŮ ɗɏůɖ ɜŬ ˊɟɞůɟɞűɐůŮɘ ˊɟɧůɗŮŰŬ ɛɧɟɘŬ Űɞɡ ɟɡˊŬɜŰɐ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡ. ɆŮ ŬɡŰɧ Űɞ 

ůɖɛŮɑɞ, Űɞ ŬˊɞŰɏɚŮůɛŬ ŮɑɜŬɘ ɖ ɛŮɘɤɛɏɜɖ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ɟɨˊɞɡ, əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ɖ 

ŬˊŮɚŮɡɗɏɟɤůɖ ˊɟɞůɟɞűɖɛɏɜɤɜ ŮɜɩůŮɤɜ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡɚɘəɞɨ ůŰɞ ɡɔɟɧ, űŬɘɜɧɛŮɜɞ ˊɞɡ 

ŮɑɜŬɘ ɔɜɤůŰɧ ɤɠ ůɖɛŮɑɞ ɡˊɏɟɓŬůɖɠ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ůɡɔəɏɜŰɟɤůɖɠ (Breakthrough Point). ɀɧɚɘɠ ɖ 

ůɡɔəɏɜŰɟɤůɖ ɟɨˊɤɜ ůŰɞ ŮˊŮɝŮɟɔŬůɛɏɜɞ ɜŮɟɧ űŰɎůŮɘ ůŮ ɛɖ ŬˊɞŭŮəŰɧ ŮˊɑˊŮŭɞ, Űɞ ɡɚɘəɧ ɗŮɤɟŮɑŰŬɘ 

əɞɟŮůɛɏɜɞ əŬɘ ˊɟɏˊŮɘ ɜŬ çŬɜŬɔŮɜɜɖɗŮɑè ɐ ɜô ŬɜŰɘəŬŰŬůŰŬɗŮɑ Ŭˊɧ ɜɏɞ. ȼ ŮˊŬɜŮɜŮɟɔɞˊɞɑɖůɖ ɐ 

ŬɜŬɔɏɜɜɖůɖ ŮɑɜŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ ɞ ́ ɟɞůɟɞűɖɛɏɜɞɘ ɟɨˊɞɘ ŬűŬɘɟɞɨɜŰŬɘ Ŭˊɧ Űɘɠ 

ɗɏůŮɘɠ ˊɟɞůɟɧűɖůɖɠ, ɏŰůɘ ɩůŰŮ ɜŬ əŬŰŬůŰŮɑ ŭɡɜŬŰɐ ɖ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖ Űɞɡ ˊɚɖɟɤŰɘəɞɨ 

ɡɚɘəɞɨ. ȷɜ əŬɘ ŮűŬɟɛɧɕɞɜŰŬɘ ŭɘŬűɞɟŮŰɘəɏɠ ɛɏɗɞŭɞɘ ŬɜŬɔɏɜɜɖůɖɠ, ɖ ɗŮɟɛɘəɐ ŮˊŮɝŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑ 

ůɡɢɜɎ Űɖ ůɡɜɖɗɏůŰŮɟɖ Ůˊɘɚɞɔɐ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬŭɘəŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖ ŭɘɏɚŮɡůɖ 

ɞɝŮɘŭɤŰɘəɩɜ ŬŮɟɑɤɜ ŭɘŬɛɏůɞɡ Űɞɡ ɡɚɘəɞɨ ůŮ ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ũŮɜɘəɎ, ɖ 

ŮˊɘɚŮɢɗŮɑůŬ ŭɘŬŭɘəŬůɑŬ ŮɜŮɟɔɞˊɞɑɖůɖɠ ɏɢŮɘ əŬɗɞɟɘůŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɖ ŭɘŬɛɧɟűɤůɖ Űɤɜ 

ɘŭɘɞŰɐŰɤɜ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ. ɇɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ 2 ŬɜŬɔŮɜɜɐůŮɤɜ ɐ 

ŬɜŰɘəŬŰŬůŰɎůŮɤɜ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ ŮɑɜŬɘ ɔɜɤůŰɧ ɤɠ ɢɟɧɜɞɠ ɕɤɐɠ Űɖɠ əɚɑɜɖɠ. [72]. 
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ɆɢɐɛŬ 5. 1: ɆɨůŰɖɛŬ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ (Napier-Reid) 

 

5.1.2 ȷˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ PFAS 

ɀŮ ɓɎůɖ ŰŬ ŭɘŬɗɏůɘɛŬ ɓɘɓɚɘɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ ɖ ɢɟɐůɖ əɞəəɩŭɞɡɠ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ ŮˊɘŰɡɔɢɎɜŮɘ 

Ŭˊɧŭɞůɖ ŬˊɞɛɎəɟɡɜůɖɠ Ɏɜɤ Űɞɡ 90 Űɞɘɠ ŮəŬŰɧ ɔɘŬ Űɘɠ əŬɟɓɞɝɡɚɘəɏɠ əŬɘ ůɞɡɚűɞɜɘəɏɠ ŮɜɩůŮɘɠ 

PFAS Ůɜɩ ůɡɢɜɎ ŬűŬɘɟŮɑ ŬɡŰɏɠ Űɘɠ ŮɜɩůŮɘɠ ůŮ ŮˊɑˊŮŭŬ əɎŰɤ Ŭˊɧ ŰŬ ŬɜŬɚɡŰɘəɎ ɧɟɘŬ ŬɜɑɢɜŮɡůɖɠ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɧůɞɜ ŬűɞɟɎ ŰŬ PFOA əŬɘ PFOS, ɞɘ ɛɏɔɘůŰŮɠ ŬˊɞŭɧůŮɘɠ ŬűŬɑɟŮůɖɠ ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 99 Űɞɘɠ ŮəŬŰɧ, Ůˊɑůɖɠ əɎŰɤ Ŭˊɧ ŰŬ ŬɜŬɚɡŰɘəɎ ɧɟɘŬ ŬɜɑɢɜŮɡůɖɠ əŬɘ ɢŬɛɖɚɧŰŮɟŮɠ 

Ŭˊɧ ŰŬ ɟɡɗɛɘůŰɘəɎ ɧɟɘŬ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ Ůˊɑ Űɞɡ ˊŬɟɧɜŰɞɠ. ɈˊɎɟɢɞɡɜ ɚɘɔɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ɔɘŬ Űɖɜ 

Ŭˊɧŭɞůɖ GAC ɔɘŬ ɎɚɚŮɠ ɛɖ əŬɟɓɞɝɡɚɘəɏɠ əŬɘ ɛɖ ůɞɡɚűɞɜɘəɏɠ ŮɜɩůŮɘɠ PFAS, ŬɚɚɎ ŰŬ ŭɘŬɗɏůɘɛŬ 

ŭŮŭɞɛɏɜŬ ŭŮɑɢɜɞɡɜ ɛɏɔɘůŰɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ŬűŬɑɟŮůɖɠ ɛŮŰŬɝɨ 55-90% ɔɘŬ ˊɞɚɚɏɠ Ŭˊɧ ŬɡŰɏɠ 

Űɘɠ ŮɜɩůŮɘɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ HFPO-DA. ũŮɜɘəɎ ɖ ɘəŬɜɧŰɖŰŬ ˊɟɞůɟɧűɖůɖɠ Űɞɡ 

ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɏɜɤůɖɠ PFAS ́ ɟɞɠ 

ŬˊɞɛɎəɟɡɜůɖ (ˊ.ɢ. PFOA, PFOS, PFBS) əŬɗɩɠ əŬɘ Ŭˊɧ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ˊɞɡ ɡˊɧəŮɘŰŬɘ 

ůŮ ŮˊŮɝŮɟɔŬůɑŬ. ȺɘŭɘəɧŰŮɟŬ, ɖ ɘəŬɜɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ ɔɘŬ ɛɘŬ ŭŮŭɞɛɏɜɖ ɏɜɤůɖ PFAS 

ŮˊɖɟŮɎɕŮŰŬɘ ɏɜŰɞɜŬ Ŭˊɧ Űɞ ɛɐəɞɠ Űɖɠ ŬɚɡůɑŭŬɠ Űɞɡ ɛɞɟɑɞɡ Űɖɠ (ŭɖɚŬŭɐ, Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬŰɧɛɤɜ 

ɎɜɗɟŬəŬ) əŬɘ Űɖ ɚŮɘŰɞɡɟɔɘəɐ Űɖɠ ɞɛɎŭŬ. ɆɡɜŮˊɩɠ, ɞ əɞəəɩŭɖɠ ŮɜŮɟɔɧɠ ɎɜɗɟŬəŬɠ ˊŬɟɞɡůɘɎɕŮɘ 

Ŭɡɝɖɛɏɜɖ ɘəŬɜɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ ŮɜɩůŮɤɜ ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ ɏɜŬɜŰɘ ŮɜɩůŮɩɜ ɓɟŬɢŮɑŬɠ 

ŬɚɡůɑŭŬɠ, ɖ ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ůŰɖ ɛŮɑɤůɖ Űɖɠ ˊɞɚɘəɧŰɖŰŬɠ Űɞɡ ɛɞɟɑɞɡ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ɛɐəɞɡɠ 

Űɖɠ ŬɚɡůɑŭŬɠ Űɞɡɠ. Ⱥˊɘˊɚɏɞɜ, ɧůɞɜ ŬűɞɟɎ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ɚŮɘŰɞɡɟɔɘəɐɠ ɞɛɎŭŬɠ, ˊŬɟŬŰɖɟŮɑŰŬɘ 

ɧŰɘ ŰŬ ůɞɡɚűɞɜɘəɎ PFAS ́ ɟɞůɟɞűɧɜŰŬɘ ŮɡəɞɚɧŰŮɟŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

əŬɟɓɞɝɡɚɘəɎ [59]. ɆŰɖɜ ˊɟɞɖɔɞɡɛɏɜɖ ˊŬɟɎɔɟŬűɞ ɏɔɘɜŮ ŬɜŬűɞɟɎ ɧŰɘ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɘ 
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ɞɘəɞɜɞɛɘəɎ ɓɘɩůɘɛɖ ŮűŬɟɛɞɔɐ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ, ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ ŬˊɞŰŮɚŮɑ ɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ 

Űɖɠ əɚɑɜɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ, ɖ ɞˊɞɑŬ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ əŬŰɎ Űɞ ɞˊɞɑɞ ɖ əɚɑɜɖ ɛˊɞɟŮɑ 

ɜŬ ŮˊɘŰɡɔɢɎɜŮɘ ɏɜŬ ɞɟɘůɛɏɜɞ ˊɞůɞůŰɧ ŬűŬɑɟŮůɖɠ ɐ ɏɜŬ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ɧɟɘɞ ůɡɔəɏɜŰɟɤůɖɠ Űɖɠ 

ɞɡůɑŬɠ-ůŰɧɢɞɡ. Ƀ ɢɟɧɜɞɠ ɕɤɐɠ ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ɤɠ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɖɛŮɟɩɜ ɐ ɛɖɜɩɜ ɛŮŰŬɝɨ 

Űɖɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɞɡ ɛɏůɞɡ. ɀˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ŮəűɟŬůŰŮɑ ůŮ ɧɔəɞɡɠ əɚɑɜɖɠ (Bed Volume), ɏɜŬ 

ɛɏŰɟɞ Ŭˊɧŭɞůɖɠ ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ ɞ ɧɔəɞɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŮˊŮɝŮɟɔɎůŰɖəŮ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ 

Űɖɠ əɚɑɜɖɠ ŭɘŬɘɟŮɛɏɜɞɠ ɛŮ Űɞɜ ɧɔəɞ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ Űɖɠ əɚɑɜɖɠ. ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɏɜŬɠ 

ɡɣɖɚɧɠ Ŭɟɘɗɛɧɠ ɡˊɞŭɖɚɩɜŮɘ ɛŮɔŬɚɨŰŮɟɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ əɚɑɜɖɠ əŬɘ ɛŮɘɤɛɏɜɞ əɧůŰɞɠ 

ɚŮɘŰɞɡɟɔɑŬɠ əŬɗɘůŰɩɜŰŬɠ Űɖ ŭɘŬŭɘəŬůɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ [71]. 

ɆɨɛűɤɜŬ ɛŮ Űɖ ɛŮɚɏŰɖ Űɤɜ Berretta et al. (2021), ́ŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ Űɡˊɘəɧ ˊŬɟɎŭŮɘɔɛŬ ɛŮ Űɖ 

ůŮɘɟɎ ŮɛűɎɜɘůɖɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ Breakthrough ɔɘŬ ŮɜɩůŮɘɠ PFAS, ɛŮ ɓɎůɖ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ 

ŬŰɧɛɤɜ ɎɜɗɟŬəŬ Űɖɠ əɎɗŮ ɏɜɤůɖɠ (ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ˊŬɟɏɜɗŮůɖ) [60]: 

PFBA (4) > PFHxA (6) > PFBS (4) > PFOA (8) > PFHxS (6) > PFOS (8) 

Ⱥˊɘˊɚɏɞɜ, ŮəŰɧɠ Ŭˊɧ Űɞ ɛɐəɞɠ Űɖɠ ŬɚɡůɑŭŬɠ əŬɘ Űɖ ɚŮɘŰɞɡɟɔɘəɐ ɞɛɎŭŬ Űɖɠ əɎɗŮ ɏɜɤůɖɠ, ɖ 

ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ əɚɑɜɖɠ GAC ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ: 

¶ ɇɞ ŮˊɘɚŮɔɧɛŮɜɞ ˊɞůɞůŰɧ ŬˊɞɛɎəɟɡɜůɖɠ ɔɘŬ əɎɗŮ ɞɡůɑŬ PFAS ɐ ɖ ˊɟɞəŬɗɞɟɘůɛɏɜɖ 

ůɡɔəɏɜŰɟɤůɖ ɔɘŬ Űɖɜ ɞˊɞɑŬ ɖ ˊɞɘɧŰɖŰŬ Űɞɡ ŮˊŮɝŮɟɔŬůɛɏɜɞɡ ɜŮɟɞɨ ɗŮɤɟŮɑŰŬɘ ɛɖ 

ŬˊɞŭŮəŰɐ. 

¶ ɇɖɜ ůɡɔəɏɜŰɟɤůɖ Űɤɜ PFAS ůŰɞ ɟŮɨɛŬ Ůɘůɧŭɞɡ. 

¶ ȯɚɚŬ ˊɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ ɜŮɟɞɨ. 

¶ ɇɖɜ ɡŭɟŬɡɚɘəɐ űɧɟŰɘůɖ Űɖɠ əɚɑɜɖɠ. 

¶ ɇɞɜ ɧɔəɞ Űɖɠ əɚɑɜɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŬɟɞɢɐ Űɞɡ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ ɜŮɟɞɨ, ɛŮŰɟɞɨɛŮɜɞ 

ɛŮ Űɞ ɢɟɧɜɞ ŮˊŬűɐɠ əŮɜɞɨ əɚɑɜɖɠ (EBCT). 

¶ ɇɘɠ ɘŭɘɧŰɖŰŮɠ ˊɟɞůɟɧűɖůɖɠ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ɛɏůɤɜ GAC (ˊ.ɢ. Űɨˊɞɠ ŮɜŮɟɔɞɨ 

ɎɜɗɟŬəŬ, ŮɛɓŬŭɧɜ Ůɘŭɘəɐɠ ŮˊɘűɎɜŮɘŬɠ, əŬŰŬɜɞɛɐ ɛŮɔɏɗɞɡɠ ˊɧɟɤɜ). 
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ɄɑɜŬəŬɠ 5. 1: ȷˊɞŰŮɚɏůɛŬŰŬ ŬˊɞɛɎəɟɡɜůɖɠ əŬɟɓɞɝɡɚɘəɩɜ PFAS ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ GAC (USEPA, 2024) 

  

 

ɄɑɜŬəŬɠ 5. 2: ȷˊɞŰŮɚɏůɛŬŰŬ ŬˊɞɛɎəɟɡɜůɖɠ ůɞɡɚűɞɜɘəɩɜ PFAS ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ GAC (USEPA, 2024) 
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ɄɑɜŬəŬɠ 5. 3: ȷˊɞŰŮɚɏůɛŬŰŬ ŬˊɞɛɎəɟɡɜůɖɠ Ɏɚɚɤɜ PFAS ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ GAC (USEPA, 2024) 

 

 

5.1.3 ɉɟɧɜɞɠ ŮˊŬűɐɠ əŮɜɐɠ əɚɑɜɖɠ (EBCT) 

ɀɘŬ Ŭˊɧ Űɘɠ əɟɑůɘɛɧŰŮɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ 

ŮˊŮɝŮɟɔŬůɛɏɜɞɡ ɜŮɟɞɨ ŬˊɞŰŮɚŮɑ ɞ ɢɟɧɜɞɠ ŮˊŬűɐɠ əŮɜɐɠ əɚɑɜɖɠ. ȼ ˊŬɟɎɛŮŰɟɞɠ ŬɡŰɐ ɞɟɑɕŮŰŬɘ ɤɠ 

ɞ ɢɟɧɜɞɠ ɔɘŬ Űɞɜ ɞˊɞɑɞ Űɞ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ ɡɔɟɧ ɗŬ ˊɟɏˊŮɘ ɜŬ ɓɟɑůəŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ 

ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ əŬɘ ɘůɞɨŰŬɘ ɛŮ Űɞɜ ɧɔəɞ Űɖɠ ɎŭŮɘŬɠ əɚɑɜɖɠ ŭɘŬɘɟŮɛɏɜɞ ɛŮ Űɖɜ ˊŬɟɞɢɐ 

ŰɟɞűɞŭɞůɑŬɠ.  Ƀ ŬˊŬɘŰɞɨɛŮɜɞɠ ɢɟɧɜɞɠ ˊɞɘəɑɚɚŮɘ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ ɏɜɤůɖɠ PFAS, Űɖ ůɡɔəɏɜŰɟɤůɐ Űɖɠ, Űɞ ŮˊɘɗɡɛɖŰɧ ˊɞůɞůŰɧ ŬˊɞɛɎəɟɡɜůɖɠ, Űɞɜ 

Űɨˊɞ Űɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ əŬɘ ɎɚɚŬ űɡůɘəɞɢɖɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

ɟŮɨɛŬŰɞɠ ŰɟɞűɞŭɞůɑŬɠ. ȹɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ ůɡůŰɐɛŬŰŬ ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

GAC ́ɞɡ ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ ŮɘŭɘəɎ ɔɘŬ Űɖɜ ŬűŬɑɟŮůɖ PFAS ŭŮɑɢɜɞɡɜ ůŰɖɜ ˊɟɎɝɖ ɧŰɘ ɞ ɢɟɧɜɞɠ 

ŬɡŰɧɠ əɡɛŬɑɜŮŰŬɘ ɛŮŰŬɝɨ 7,6 əŬɘ 26 ɚŮˊŰɩɜ. Ⱥˊɘˊɚɏɞɜ, ɞɘ əŬŰŬůəŮɡŬůŰɏɠ ůɡůŰɖɛɎŰɤɜ űɘɚŰɟŬɜůɖɠ 

GAC ůɡɜɘůŰɞɨɜ ůɡɜɐɗɤɠ ŮɚɎɢɘůŰɞ ɢɟɧɜɞ EBCT ŰɞɡɚɎɢɘůŰɞɜ 20 ɚŮˊŰɩɜ [61],[62]. 

 

5.1.4 ȺűŬɟɛɞɔɏɠ Ʉɚɐɟɞɡɠ ȾɚɑɛŬəŬɠ 

ũŮɜɘəɎ, əŬŰɎ Űɞɜ ůɢŮŭɘŬůɛɧ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ ɛŮ ɢɟɐůɖ ŮɜŮɟɔɞɨ 

ɎɜɗɟŬəŬ, ůɡɜɘůŰɎŰŬɘ ŬɟɢɘəɎ ɖ ŭɘŮɝŬɔɤɔɐ ŮɟɔŬůŰɖɟɘŬəɩɜ ŭɞəɘɛɩɜ əŬɘ ůŮ ŮˊɧɛŮɜɖ űɎůɖ ˊɘɚɞŰɘəɐ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ˊɟɞɥɧɜŰɤɜ GAC ́ ɞɡ ŭɘŬŰɑɗŮɜŰŬɘ ůŰɖɜ ŬɔɞɟɎ. ɄŬɟɧɚŬ ŬɡŰɎ, ɖ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ůŰɖɜ ŬűŬɑɟŮůɖ PFAS ɔɑɜŮŰŬɘ ŮɛűŬɜɐɠ Ŭˊɧ 

Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɛɞɜɎŭɤɜ ́ ɚɐɟɞɡɠ əɚɑɛŬəŬɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ 
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Űɞɡ ˊɧůɘɛɞɡ ɜŮɟɞɨ. Ʉɟɞɖɔɞɡɛɏɜɤɠ, ɏɔɘɜŮ ŬɜŬűɞɟɎ ůŮ ɛŮɚɏŰŮɠ ˊɞɡ ŮɝŮŰɎɕɞɡɜ Űɖɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ ůŮ ŮűŬɟɛɞɔɏɠ ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ əŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ ŮɔəŬŰŬůŰɎůŮɘɠ ˊɞɡ ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ŮɘŭɘəɎ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ PFAS əŬɘ 

ɎɚɚŮɠ ˊɞɡ ŮɑɢŬɜ ŬɟɢɘəɎ ŮɑɢŬɜ ůɢŮŭɘŬůŰŮɑ ɔɘŬ Űɖɜ ŬűŬɑɟŮůɖ Ɏɚɚɤɜ ɟɨˊɤɜ [58]. ɆɡɜɞɚɘəɎ, ůŰɘɠ 

ȼɄȷ ɚŮɘŰɞɡɟɔɞɨɜ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 30 ŮɔəŬŰŬůŰɎůŮɘɠ ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ ˊɞɡ ůŰɞɢŮɨɞɡɜ ŮɘŭɘəɎ 

ůŰɖɜ ŬűŬɑɟŮůɖ PFAS Ŭˊɧ Űɞ ˊɧůɘɛɞ ɜŮɟɧ, ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ 

ˊɑɜŬəŬ: 

 

ɄɑɜŬəŬɠ 5. 4: ȺɔəŬŰŬůŰɎůŮɘɠ ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ GAC ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ PFAS (USEPA, 2024) 

 



ро 
 

 

 

 

5.1.5 ɄŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ ŬˊɞɛɎəɟɡɜůɖɠ Űɤɜ PFAS  

ȼ Ŭˊɧŭɞůɖ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɛŮ əɞəəɩŭɖ ŮɜŮɟɔɧ ɎɜɗɟŬəŬ ɛˊɞɟŮɑ ɜŬ ŮɛűŬɜɑůŮɘ ŭɘŬəɡɛɎɜůŮɘɠ ɛŮ 

ɓɎůɖ ŰŬ űɡůɘəɞɢɖɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ ɟŮɨɛŬŰɞɠ. ȼ ůɡɔəɏɜŰɟɤůɖ Űɖɠ 

ɞɟɔŬɜɘəɐɠ ɨɚɖɠ, ɔɜɤůŰɐ ɤɠ ɞɚɘəɧɠ ɞɟɔŬɜɘəɧɠ ɎɜɗɟŬəŬɠ (TOC), ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ ůɖɛŬɜŰɘəɎ 

Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŭŮɜ ɛŮɘɩɜŮɘ ŬˊŬɟŬɑŰɖŰŬ Űɖ 
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ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ Űɞɡɠ, ŬɚɚɎ ŬɜŰɘɗɏŰɤɠ, ůɡɜŰɞɛŮɨŮɘ Űɞ ɢɟɧɜɞ ɛɏɢɟɘ Űɞɜ 

əɞɟŮůɛɧ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ,  ɔŮɔɞɜɧɠ ˊɞɡ ɛŮŰŬűɟɎɕŮŰŬɘ ůŮ ŬɜɎɔəɖ ůɡɢɜɧŰŮɟɖɠ 

ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ, ɞŭɖɔɩɜŰŬɠ ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ əɧůŰɞɡɠ ɚŮɘŰɞɡɟɔɑŬɠ. 

Ⱥˊɘˊɚɏɞɜ, ŰŬ ůŰŮɟŮɎ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ůɡůůɤɟŮɡŰɞɨɜ ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ əɚɑɜɖɠ, ŮɜŭɏɢŮŰŬɘ ɜŬ 

ˊɟɞəŬɚɏůɞɡɜ ɡˊŮɟɓɞɚɘəɐ ˊŰɩůɖ ˊɑŮůɖɠ əŬɘ ůŮ ŬɟəŮŰɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɜɎˊŰɡɝɖ ɓɘɞɛɎɕŬɠ. 

Ⱥˊɞɛɏɜɤɠ, ůɡɜɖɗɑɕŮŰŬɘ ɜŬ ˊɟɞɖɔŮɑŰŬɘ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ ɜŮɟɞɨ. ȺˊɘˊɟɧůɗŮŰŬ, ɖ 

ˊɟɧɓɚŮɣɖ əŬɘ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŮˊɘˊŰɩůŮɤɜ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ ɞɟɔŬɜɘəɩɜ ůŰŮɟŮɩɜ ɛˊɞɟŮɑ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɏůɤ ˊɘɚɞŰɘəɩɜ ŭɞəɘɛɩɜ, Ůˊɘɚɞɔɐ əŬŰɎɚɚɖɚɤɜ ˊŬɟŬɛɏŰɟɤɜ ůɢŮŭɘŬůɛɞɨ əŬɘ 

ůɡɜŮɢɐ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ. Ⱥˊɘˊɚɏɞɜ, ɖ ˊŬɟɞɡůɑŬ Ɏɚɚɤɜ ɢɖɛɘəɩɜ ɞɡůɘɩɜ ŭɨɜŬŰŬɘ 

ɜŬ ɛŮɘɩůŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ˊɟɞůɟɧűɖůɖɠ ɔɘŬ ɛɘŬ ɞɡůɑŬ-ůŰɧɢɞ, əŬɗɩɠ ɞɘ ɟɨˊɞɘ ŬɜŰŬɔɤɜɑɕɞɜŰŬɘ ɔɘŬ 

Űɘɠ ɑŭɘŮɠ ɗɏůŮɘɠ ˊɟɞůɟɧűɖůɖɠ ůŰɞ ɛɏůɞ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŬɜŰŬɔɤɜɘůŰɘəɐɠ 

ˊɟɞůɟɧűɖůɖɠ. ɇɞ Ůɨɟɞɠ ŬɡŰɞɨ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ůɢŮŰɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ əŬɘ Űɖɜ 

ɘəŬɜɧŰɖŰŬ ˊɟɞůɟɧűɖůɖɠ Űɤɜ ɟɨˊɤɜ ůŰɞ ɡɚɘəɧ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɏɟŮɡɜŬ ɏŭŮɘɝŮ ɧŰɘ ɖ ŰŬɡŰɧɢɟɞɜɖ 

ˊŬɟɞɡůɑŬ ˊŰɖŰɘəɩɜ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ (VOCs) ŮˊɖɟŮɎɕŮɘ ŬɟɜɖŰɘəɎ Űɖɜ ɘəŬɜɧŰɖŰŬ 

ˊɟɞůɟɧűɖůɖɠ Űɞɡ PFOA əŬɘ ɛŮɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɞɜ ɢɟɧɜɞ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖɜ ŮɛűɎɜɘůɖ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ Breakthrough.  ɇŬ ůɡůŰɐɛŬŰŬ űɘɚŰɟŬɟɑůɛŬŰɞɠ GAC ́ ŬɟɎɔɞɡɜ Ůˊɑůɖɠ ɏɜŬ ɟŮɨɛŬ 

ɡɔɟɞɨ ŬˊɞɓɚɐŰɞɡ Ŭˊɧ Űɞ ɜŮɟɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɜŰɑůŰɟɞűɖɠ ˊɚɨůɖɠ Űɖɠ 

əɚɑɜɖɠ. ȳˊɤɠ əŬɘ ůŮ ůɡɛɓŬŰɘəɏɠ ŮűŬɟɛɞɔɏɠ, ŰŬ űɑɚŰɟŬ ɗŬ ́ɟɏˊŮɘ ɜŬ ˊɚɏɜɞɜŰŬɘ ˊŮɟɘɞŭɘəɎ ɔɘŬ ɜŬ 

ŬűŬɘɟŮɗɞɨɜ ŰŬ ůŰŮɟŮɎ əŬɘ ɜŬ ŭɘŬŰɖɟɖɗɞɨɜ ɞɘ ŮˊɘɗɡɛɖŰɏɠ ɡŭɟŬɡɚɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖ əɚɑɜɖɠ. ȼ 

ŬɜŰɑůŰɟɞűɖ ˊɚɨůɖ ŭŮɜ ŬűŬɘɟŮɑ Űɞɡɠ ˊɟɞůɟɞűɖɛɏɜɞɡɠ ɟɨˊɞɡɠ Ŭˊɧ Űɖɜ əɚɑɜɖ GAC əŬɘ ɤɠ Ůə 

ŰɞɨŰɞɡ, Űɞ ɜŮɟɧ ŬɡŰɧ ˊŮɟɘɏɢŮɘ əɡɟɑɤɠ ŬɘɤɟɞɨɛŮɜŬ ůŰŮɟŮɎ əŬɘ ɧɢɘ PFAS. ɇɞ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ Űɤɜ 

ˊŮɟɘůŰŬŰɘəɩɜ ŬɜŰɑůŰɟɞűɖɠ ˊɚɨůɖɠ ŮɑɜŬɘ əɡɟɑɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ɗɞɚɧŰɖŰŬɠ ůŰɞ ŮɘůŮɟɢɧɛŮɜɞ ɜŮɟɧ. 

ɇɏɚɞɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝɞɡɜ ˊɟɞůɤɟɘɜɏɠ 

ŬɚɚŬɔɏɠ ůŰɖ ɢɖɛŮɑŬ Űɞɡ ɜŮɟɞɨ Ŭɛɏůɤɠ ɛŮŰɎ Űɖɜ ŬɚɚŬɔɐ Űɞɡ ɛɏůɞɡ, ɧˊɤɠ ɏəˊɚɡůɖ ɛŮŰɎɚɚɤɜ (ˊ.ɢ. 

ŬɟůŮɜɘəɧ, ŬɜŰɘɛɧɜɘɞ) əŬɘ Ŭɨɝɖůɖ Űɞɡ pH.[63]. 

 

5.1.6 ȷɜŬɔɏɜɜɖůɖ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ (GAC reactivation-regeneration) 

ɆŰɘɠ ŮűŬɟɛɞɔɏɠ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ, ɧŰŬɜ Űɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ əɞɟŮůŰŮɑ əŬɘ ɢɟŮɘŬůŰŮɑ ɜŬ  

ŬɜŰɘəŬŰŬůŰŬɗŮɑ, ɡˊɎɟɢɞɡɜ ŭɨɞ ˊɟŬəŰɘəɏɠ Ůˊɘɚɞɔɏɠ: (1) ɖ Ŭˊɧɟɟɘɣɖ Űɞɡ əɞɟŮůɛɏɜɞɡ GAC əŬɘ 

ŬɜŰɘəŬŰɎůŰŬůɐ Űɞɡ ɛŮ ɜɏɞ, ɐ  (2) ɖ əŬŰɎɚɚɖɚɖ ŮˊŮɝŮɟɔŬůɑŬ (ŬɜŬɔɏɜɜɖůɖ ɐ ŮˊŬɜŮɜŮɟɔɞˊɞɑɖůɖ) 

Űɞɡ ɢɟɖůɘɛɞˊɞɘɖɛɏɜɞɡ GAC ɛŮ ůəɞˊɧ Űɖɜ ŮˊŬɜŬűɞɟɎ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ əŬɘ Űɖɜ 

ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɐ Űɞɡ Ůűɧůɞɜ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ˊɟɞůűɏɟŮɘ ˊŬɟɧɛɞɘŬ Ŭˊɧŭɞůɖ ɛŮ ɜɏɞ ɡɚɘəɧ. 

ũɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ ɓɘɤůɘɛɧŰɖŰŬɠ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɛŮ GAC, ůɡɜɘůŰɎŰŬɘ ɏɜŰɞɜŬ ɖ ŮűŬɟɛɞɔɐ 

ŰŮɢɜɞɚɞɔɘɩɜ ŬɜŬɔɏɜɜɖůɖɠ ɐ ŮˊŬɜŮɜŮɟɔɞˊɞɑɖůɖɠ. ɄɟɎɔɛŬŰɘ, ɖ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖ Űɞɡ ŮɜŮɟɔɞɨ 

ɎɜɗɟŬəŬ ŬɜŰɑ Űɖɠ ŬɜŰɘəŬŰɎůŰŬůɐɠ Űɞɡ ɛŮ ɜɏɞ ˊɟɞůűɏɟŮɘ ůɖɛŬɜŰɘəɎ ɞɘəɞɜɞɛɘəɎ əŬɘ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ɞűɏɚɖ, ɧˊɤɠ ɖ ɛŮɑɤůɖ Űɤɜ Ůˊɘəɑɜŭɡɜɤɜ ŬˊɞɓɚɐŰɤɜ, ɖ ŭɘŬŰɐɟɖůɖ űɡůɘəɩɜ ˊɧɟɤɜ 

əŬɘ ɖ ŬɜɎəŰɖůɖ Űɞɡɠ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ əɡəɚɘəɐɠ ɞɘəɞɜɞɛɑŬɠ. ȷɜ əŬɘ ɞɘ ɧɟɞɘ çŬɜŬɔɏɜɜɖůɖè əŬɘ 

çŮˊŬɜŮɜŮɟɔɞˊɞɑɖůɖè ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɢɜɎ ŮɜŬɚɚŬəŰɘəɎ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŬˊɞůŬűɖɜɘůŰɞɨɜ 

ɞɘ ŭɘŬűɞɟŮɠ Űɞɡɠ. ȼ ŬɜŬɔɏɜɜɖůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŮɢɜɘəɏɠ (ɓŬůɘůɛɏɜŮɠ ůŮ ɗŮɟɛɘəɏɠ, ɢɖɛɘəɏɠ əŬɘ 

ɓɘɞɚɞɔɘəɏɠ ŭɘŮɟɔŬůɑŮɠ) ˊɞɡ Ŭˊɞůəɞˊɞɨɜ ůŰɖ ɛŮɟɘəɐ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ ˊɟɞůɟɞűɖŰɘəɐɠ 

ɘəŬɜɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ ɏɤɠ ɏɜŬ ˊɞůɞůŰɧ Űɖɠ Ŭɟɢɘəɐɠ Űɞɡ ŭɡɜŬɛɘəɧŰɖŰŬɠ, əŬɗɘůŰɩɜŰŬɠ ŭɡɜŬŰɐ Űɖɜ 
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ɢɟɐůɖ Űɞɡ ɔɘŬ ɏɜŬɜ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ Ůˊɘˊɚɏɞɜ əɨəɚɞɡɠ ˊɟɞůɟɧűɖůɖɠ. ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ɖ 

ŮˊŬɜŮɜŮɟɔɞˊɞɑɖůɖ ůŰɞɢŮɨŮɘ ůŰɖɜ ˊɚɐɟɖ ŬˊɞɛɎəɟɡɜůɖ ɧɚɤɜ Űɤɜ ˊɟɞůɟɞűɖɛɏɜɤɜ ɞɡůɘɩɜ Ŭˊɧ 

Űɞɜ əɞɟŮůɛɏɜɞ ŮɜŮɟɔɧ ɎɜɗɟŬəŬ, ɛɏůɤ Ŭˊɞɟɟɧűɖůɖɠ, ˊŰɖŰɘəɞˊɞɑɖůɖɠ ɐ ŭɖɛɘɞɡɟɔɑŬɠ ɜɏɤɜ 

ˊɟɞůɟɞűɖŰɘəɩɜ ɗɏůŮɤɜ ůŰɖ ŭɞɛɐ Űɞɡ ɡɚɘəɞɨ ɛɏůɤ ɛɘŬɠ ɗŮɟɛɘəɐɠ ŭɘŮɟɔŬůɑŬɠ ɡɣɖɚɐɠ 

ɗŮɟɛɞəɟŬůɑŬɠ, ˊŮɟɑˊɞɡ 1000 ÁC. ȼ ŮˊŬɜŮɜŮɟɔɞˊɞɑɖůɖ ůɡɜɐɗɤɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ 

ŮɝŮɘŭɘəŮɡɛɏɜŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ əŬɘ ŮɜŭŮɑəɜɡŰŬɘ ɧŰŬɜ ŬˊŬɘŰŮɑŰŬɘ ɖ əŬŰŬůŰɟɞűɐ Űɤɜ 

ˊɟɞůɟɞűɖɛɏɜɤɜ ɞɡůɘɩɜ, Ŭɜ əŬɘ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŬɚɚŬɔɏɠ Űɖɠ ŭɞɛɐɠ Űɞɡ ɎɜɗɟŬəŬ ůŮ 

ůɨɔəɟɘůɖ ɛŮ ŬɡŰɐ Ůɜɧɠ ɜɏɞɡ ɡɚɘəɞɨ [64]. ũɘŬ Űɖɜ ŬɜŬɔɏɜɜɖůɖ Űɞɡ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ ŮűŬɟɛɧɕɞɜŰŬɘ 

ŭɘŬűɞɟɏɠ ŰŮɢɜɞɚɞɔɑŮɠ, ɧˊɤɠ ɗŮɟɛɘəɐ ŮˊŮɝŮɟɔŬůɑŬ, ɡɔɟɐ ɞɝŮɑŭɤůɖ, ŮˊŮɝŮɟɔŬůɑŬ ɛŮ ɡˊŮɟɐɢɞɡɠ əŬɘ 

ŮˊŮɝŮɟɔŬůɑŬ ɛŮ ŬɜŰɘŭɟŬůŰɐɟɘɞ Fenton. Ʉɘɞ ˊɟɧůűŬŰŬ, ɖ ɖɚŮəŰɟɞɢɖɛɘəɐ ɛɏɗɞŭɞɠ ˊŬɟɞɡůɘɎůŰɖəŮ 

ɤɠ ɛɘŬ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ˊɟɞůɏɔɔɘůɖ, ɛŮ Űɖɜ ɞˊɞɑŬ ɖ Ŭˊɧŭɞůɖ ŬɜŬɔɏɜɜɖůɖɠ ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ ůŮ 

ˊɞůɞůŰɎ 70ï100%, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɟɞůɟɞűɖɛɏɜɖ ɞɡůɑŬ. ȼ ɗŮɟɛɘəɐ ɞɝŮɑŭɤůɖ ŬˊɞŰŮɚŮɑ Űɖɜ 

əɨɟɘŬ ɛɏɗɞŭɞ ŬɜŬɔɏɜɜɖůɖɠ, ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ůŮ ɓɘɞɛɖɢŬɜɘəɐ əɚɑɛŬəŬ. ɋůŰɧůɞ, 

ŬɡŰɐ ŮɛűŬɜɑɕŮɘ ůɖɛŬɜŰɘəɎ ɛŮɘɞɜŮəŰɐɛŬŰŬ  ɧˊɤɠ ɡɣɖɚɐ əŬŰŬɜɎɚɤůɖ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, 

Ŭɡɝɖɛɏɜɞ ɢɟɧɜɞ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ŬˊɩɚŮɘŬ Űɞɡ ɡɚɘəɞɨ ůŮ ˊɞůɞůŰɧ ɛŮŰŬɝɨ 5ï15% ɚɧɔɤ 

ɞɝŮɑŭɤůɖɠ əŬɘ űɗɞɟɎɠ Űɞɡ, Ůɜɩ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ ŬˊɞŰŮɚŮɑ əŬɘ Űɞ ɡɣɖɚɧ əɧůŰɞɠ ůɡɜŰɐɟɖůɖɠ 

Űɞɡ ŮɝŮɘŭɘəŮɡɛɏɜɞɡ Ůɝɞˊɚɘůɛɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ [65]. ȼ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŭɘŮɟɔŬůɑŬɠ 

ɗŮɟɛɘəɐɠ ŬɜŬɔɏɜɜɖůɖɠ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɐůŮɘ Űɘɠ ɡűɘůŰɎɛŮɜŮɠ ɡˊɞŭɞɛɏɠ ŬɜŬɔɏɜɜɖůɖɠ ɔɘŬ Űɖɜ 

ŬɜɎəŰɖůɖ Űɞɡ ɢɟɖůɘɛɞˊɞɘɖɛɏɜɞɡ GAC əŬɘ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ əŬŰŬůŰɟɞűɐ, ɏɤɠ ɏɜŬ ɓŬɗɛɧ, Űɤɜ 

ˊɟɞůɟɞűɖɛɏɜɤɜ PFAS ůŮ ŬɡŰɧɜ. ɄɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ɧŰɘ ɖ ɗŮɟɛɘəɐ ŬɜŬɔɏɜɜɖůɖ 

ɛˊɞɟŮɑ ɜŬ ŮˊɘŰɨɢŮɘ Űɖ ŭɘɎůˊŬůɖ PFAS ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ (ˊ.ɢ., PFOA, PFOS) əŬɘ ɓɟŬɢŮɑŬɠ 

ŬɚɡůɑŭŬɠ (ˊ.ɢ., PFBA, PFBS, PFPeA, PFHpA). ɋůŰɧůɞ, ɔɘŬ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ŰŬɡŰɧɢɟɞɜŬ ɖ 

ŮˊɘŰɡɢɐɠ ŬɜɎəŰɖůɖ Űɤɜ ˊɟɞůɟɞűɖŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɡɚɘəɞɨ əŬɘ ɖ ŭɘɎůˊŬůɖ Űɤɜ 

ˊɟɞůɟɞűɖɛɏɜɤɜ PFAS, ŮɑɜŬɘ əɟɑůɘɛɞɠ ɞ ɚŮˊŰɞɛŮɟɐɠ ɏɚŮɔɢɞɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ. ȼ 

ŭɘŬŭɘəŬůɑŬ ŬɜŬɔɏɜɜɖůɖɠ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ Ŭɟɢɘəɐ ɝɐɟŬɜůɖ Űɞɡ ɡɚɘəɞɨ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ Űɖɠ ŰɎɝɖɠ 

Űɤɜ 100-110 ÁC ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɖɠ ɡɔɟŬůɑŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŬɡŰɧ ɡűɑůŰŬŰŬɘ ˊɡɟɧɚɡůɖ ůŮ 

ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ (650ï850 ÁC) Ůɜɩ ŬəɞɚɞɡɗŮɑ ɖ ŮˊŬɜŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ ɛŮ Űɖ ɢɟɐůɖ ŬŰɛɞɨ 

ɐ ŭɘɞɝŮɘŭɑɞɡ Űɞɡ ɎɜɗɟŬəŬ (CO ). ȸŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ ŭɘŬŭɘəŬůɑŬ ŬɜŬɔɏɜɜɖůɖɠ 

Űɞɡ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ ŬˊɞŰŮɚŮɑ ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɤɜ űɡůɘəɞɢɖɛɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

Űɞɡ. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɞɘ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ŮɜŭɏɢŮŰŬɘ ɜŬ ɡˊɞɓŬɗɛɑůɞɡɜ Űɖ 

ŭɞɛɐ Űɤɜ ˊɧɟɤɜ əŬɘ Űɘɠ ɢɖɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ, ŮɎɜ ɞɘ ɚŮɘŰɞɡɟɔɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ 

ŭɘŮɟɔŬůɑŮɠ ŭŮɜ ɟɡɗɛɑɕɞɜŰŬɘ ɛŮ ŬəɟɑɓŮɘŬ. ɄŬɟɎɛŮŰɟɞɘ ɧˊɤɠ ɞ ɟɡɗɛɧɠ Ŭɨɝɖůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, 

Űɞ ˊŮɟɘɓɎɚɚɞɜ Ŭɏɟɘɞ (ˊ.ɢ. ɎɕɤŰɞ, Ŭɟɔɧ, ŬŰɛɞůűŬɘɟɘəɧɠ ŬɏɟŬɠ) əŬɘ ŰŬ ɛɏůŬ ŮɜŮɟɔɞˊɞɑɖůɖɠ (ˊ.ɢ., 

ŬŰɛɧɠ, CO ) ŮˊɖɟŮɎɕɞɡɜ ɎɛŮůŬ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŬɜŬɔŮɜɜɖɛɏɜɞɡ ɡɚɘəɞɨ [66],[67]. 
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5.2 ȽɞɜŰɞŬɜŰŬɚɚŬɔɐ (Ion Exchange) 

5.2.1 ũŮɜɘəɐ ˊŮɟɘɔɟŬűɐ 

ȼ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐ ŮɑɜŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŬɜŰŬɚɚŬɔɐɠ űɞɟŰɘůɛɏɜɤɜ ɘɧɜŰɤɜ, ɧˊɤɠ Clī, OHī, HCO3ī, 

ɛŮŰŬɝɨ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɛɘŬɠ ɟɖŰɑɜɖɠ əŬɘ Űɞɡ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ ɡɔɟɞɨ. ɄŬɟŬŭɞůɘŬəɎ, ɞɘ ŮűŬɟɛɞɔɏɠ 

Űɤɜ ɟɖŰɘɜɩɜ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ ůŰɖ ŭɘŬŭɘəŬůɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɧůɘɛɞɡ ɜŮɟɞɨ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ ŬɜɧɟɔŬɜɤɜ ɘɧɜŰɤɜ, ɧˊɤɠ ɗŮɘɘəɎ, ŬɟůŮɜɘəɧ, ɜɘŰɟɘəɎ, əŬɗɩɠ əŬɘ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ 

ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ. ȼ ŮűŬɟɛɞɔɐ Űɖɠ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ ɏɢŮɘ ˊɟɞůŮɚəɨůŮɘ ůɖɛŬɜŰɘəɧ ŮɜŭɘŬűɏɟɞɜ 

ɚɧɔɤ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎɠ əŬɘ Űɖɠ ŮɡəɞɚɑŬɠ ůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ, Űɖɠ ɛŮɔɎɚɖɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ 

ˊɞɡ ŮɛűŬɜɑɕŮɘ ɧůɞɜ ŬűɞɟɎ Űɞɜ ɧɔəɞ ɜŮɟɞɨ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮˊŮɝŮɟɔŬůŰŮɑ, Űɞɡ ɛɘəɟɞɨ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ŬˊɞŰɡˊɩɛŬŰɞɠ Űɖɠ əŬɘ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ ŬɜŬɔɏɜɜɖůɖɠ Űɞɡ 

ɡɚɘəɞɨ. Ƀɘ ɟɖŰɑɜŮɠ ůɡɢɜɎ əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ɛŮ ɓɎůɖ Űɘɠ ŮɔɔŮɜŮɑɠ ɘŭɘɧŰɖŰŮɠ Űɞɡɠ, ɧˊɤɠ ɖ 

ɚŮɘŰɞɡɟɔɘəɐ ɞɛɎŭŬ (ŰŮŰŬɟŰɞŰŬɔɐɠ ɐ ŰɟɘŰɞŰŬɔɐɠ ŬɛɛɤɜɑŬ), Űɞ Ůɑŭɞɠ Űɞɡ ˊɞɚɡɛŮɟɘəɞɨ ɡɚɘəɞɨ Űɞɡ 

əɞɟɛɞɨ Űɞɡɠ (Ŭəɟɡɚɘəɧ ɏɜŬɜŰɘ ůŰɡɟŮɜɘəɞɨ) əŬɘ Űɖ ŭɞɛɐ ŭɘŬůɨɜŭŮůɖɠ Űɞɡɠ (gel ɐ ɛŬəɟɞˊɞɟɩŭɖɠ). 

ȸŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ŬɜŰŬɚɚŬɔɐɠ (ŮəűɟŬůɛɏɜɖ ůŮ ɘůɞŭɨɜŬɛŬ 

(eq) ŬɜɎ ɚɑŰɟɞ ɟɖŰɑɜɖɠ), Űɞ ɛɏɔŮɗɞɠ ůɤɛŬŰɘŭɑɤɜ əŬɘ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɖɠ ůŮ ɜŮɟɧ. Ƀɘ ɟɖŰɑɜŮɠ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ˊɧůɘɛɞɡ ɜŮɟɞɨ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŮ 

ŭɨɞ ŮɡɟŮɑŮɠ əŬŰɖɔɞɟɑŮɠ: Űɘɠ ɟɖŰɑɜŮɠ ɘůɢɡɟɐɠ əŬɘ ŬůɗŮɜɞɨɠ ɓɎůɖɠ. ɆɡɜɞˊŰɘəɎ, ɛɘŬ ɟɖŰɑɜɖ ɛŮ 

ŰŮŰŬɟŰɞŰŬɔɐ ɚŮɘŰɞɡɟɔɘəɐ ɞɛɎŭŬ Ŭɛɛɤɜɑɞɡ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɟɖŰɑɜɖ ɘůɢɡɟɐɠ ɓɎůɖɠ. Ƀɘ ɟɖŰɑɜŮɠ 

ˊɞɡ Ŭɜɐəɞɡɜ ůŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɢɤɟɘůŰɞɨɜ ˊŮɟŬɘŰɏɟɤ ɛŮ ɓɎůɖ Űɖ ɢɖɛɘəɐ Űɞɡɠ 

ŭɞɛɐ ůŮ ɇɨˊɞɡ Ƚ (ɞɛɎŭŬ ŰɟɘɛŮɗɡɚŬɛɛɤɜɑɞɡ) əŬɘ ɇɨˊɞɡ ȽȽ (ɞɛɎŭŬ ŭɘɛŮɗɡɚŮɗŬɜɧɚɖɠ Ŭɛɛɤɜɑɞɡ). 

Ƀɘ ɟɖŰɑɜŮɠ ŬɡŰɏɠ ˊŬɟɞɡůɘɎɕɞɡɜ ŮɝŬɘɟŮŰɘəɐ űɡůɘəɐ əŬɘ ɢɖɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ ŮɑɜŬɘ ɘəŬɜɏɠ ɜŬ 

ɚŮɘŰɞɡɟɔɞɨɜ ůŮ Ůɡɟɨ űɎůɛŬ pH. Ƀɘ ɟɖŰɑɜŮɠ ɛŮ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ ˊɟɤŰɞŰŬɔɞɨɠ, ŭŮɡŰŮɟɞŰŬɔɞɨɠ, 

ŰɟɘŰɞŰŬɔɞɨɠ ɐ ɛɘəŰɐɠ Ŭɛɑɜɖɠ Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ ɟɖŰɘɜɩɜ ŬůɗŮɜɞɨɠ ɓɎůɖɠ. ȷɡŰɏɠ 

ˊɟɞůűɏɟɞɡɜ ŮɝŬɘɟŮŰɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ ŬɜŬɔɏɜɜɖůɖɠ əŬɘ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖɠ (>90% 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ŬɜŬɔɏɜɜɖůɖɠ ůŮ ˊɞɚɚŬˊɚɞɨɠ əɨəɚɞɡɠ) əŬɘ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬɜɗŮəŰɘəɏɠ ůŰɖɜ 

ˊŬɟɞɡůɑŬ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ ůŰɞ ɜŮɟɧ. ɋůŰɧůɞ, ŬɡŰɏɠ ɚŮɘŰɞɡɟɔɞɨɜ əɡɟɑɤɠ ůŮ ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ 

pH [59]. ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ ɜɤɟɑŰŮɟŬ, ŮəŰɧɠ Ŭˊɧ ŰŬ PFAS, ɖ ŮűŬɟɛɞɔɐ ŰŮɢɜɞɚɞɔɘɩɜ 

ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ŬˊɞɛŬəɟɨɜŮɘ ˊɚɖɗɩɟŬ ɞɟɔŬɜɘəɩɜ əŬɘ ŬɜɧɟɔŬɜɤɜ ŮɜɩůŮɤɜ Ŭˊɧ 

Űɞ ɜŮɟɧ, ɧˊɤɠ ɞɟɔŬɜɘəɎ ůŰŮɟŮɎ, ɗŮɘɘəɎ, ɜɘŰɟɘəɎ əŬɘ űɤůűɞɟɘəɎ ɘɧɜŰŬ. ũŮɜɘəɎ, ŰŬ ɗŮɘɘəɎ 

ɗŮɤɟɞɨɜŰŬɘ ˊɘɞ ŬɜŰŬɔɤɜɘůŰɘəɎ ɘɧɜŰŬ, ŬəɞɚɞɡɗɞɨɛŮɜŬ Ŭˊɧ ŰŬ űɤůűɞɟɘəɎ əŬɘ ŰŬ ɜɘŰɟɘəɎ, ɛŮ ɓɎůɖ 

Űɖɜ ˊɡəɜɧŰɖŰŬ Űɞɡ űɞɟŰɑɞɡ Űɞɡɠ. ȳůɞɜ ŬűɞɟɎ Űɘɠ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ, Űɞ əɚɎůɛŬ Űɤɜ ɢɞɡɛɘəɩɜ 

ɞɡůɘɩɜ ɡɣɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ ůɖɛŬɜŰɘəɎ Űɖ ŭɡɜŬɛɘəɧŰɖŰŬ ɛɘŬɠ ɟɖŰɑɜɖɠ, 

əŬɗɩɠ ŰŬ ɢɞɡɛɘəɎ ˊɟɞůŭɏɜɞɡɜ ŮɡəɞɚɧŰŮɟŬ ůŰɞɡɠ ˊɧɟɞɡɠ Űɖɠ ɛŮɘɩɜɞɜŰŬɠ ŰŬɢɏɤɠ Űɘɠ ŭɘŬɗɏůɘɛŮɠ 

ɗɏůŮɘɠ ŬɜŰŬɚɚŬɔɐɠ. Ⱥˊɘˊɚɏɞɜ, ɛŮɚɏŰŮɠ ŭŮɑɢɜɞɡɜ ɧŰɘ ɞɘ ˊɞɚɡŬəɟɡɚɘəɏɠ ɟɖŰɑɜŮɠ ɏɢɞɡɜ ɡɣɖɚɧŰŮɟɖ 

ŮəɚŮəŰɘəɧŰɖŰŬ ɤɠ ́ ɟɞɠ Űɘɠ ŭɘŬɚɡɛɏɜŮɠ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ PFAS, Ŭˊɧ ɧŰɘ ɞɘ 

ˊɞɚɡůŰɡɟŮɜɘəɏɠ ɟɖŰɑɜŮɠ. ȺɘŭɘəɧŰŮɟŬ, ɞɘ ˊɞɚɡŬəɟɡɚɘəɏɠ ɟɖŰɑɜŮɠ ŮɑɜŬɘ ɘəŬɜɏɠ ɜŬ ŬˊɞɛŬəɟɨɜɞɡɜ 

Űɧůɞ ŰŬ PFAS (>99% ŬˊɞɛɎəɟɡɜůɖ) ɧůɞ əŬɘ ŭɘŬɚɡɛɏɜŮɠ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ (>90% ŬˊɞɛɎəɟɡɜůɖ 

ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ. ȷɜŰɘɗɏŰɤɠ, ɞɘ ˊɞɚɡůŰɡɟŮɜɘəɏɠ ɟɖŰɑɜŮɠ, ŮˊɘŰɡɔɢɎɜɞɡɜ ůɖɛŬɜŰɘəɎ ɛɘəɟɧŰŮɟɖ 

ŬˊɞɛɎəɟɡɜůɖ ŮɜɩůŮɤɜ ɞɟɔŬɜɘəɞɨ ɎɜɗɟŬəŬ, ůŮ ˊɞůɞůŰɧ Űɖɠ ŰɎɝɖɠ Űɞɡ 20-40% ɛŮ ŬˊɞŰɏɚŮůɛŬ 

ɜŬ ŭɘŬŰɖɟɞɨɜ ŭɘŬɗɏůɘɛŮɠ ˊŮɟɘůůɧŰŮɟŮɠ ɗɏůŮɘɠ ɔɘŬ Űɖɜ ŭɏůɛŮɡůɖ ŮɜɩůŮɤɜ PFAS. [68],[69]. 
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5.2.2 ȺˊɘɚŮəŰɘəɏɠ ɟɖŰɑɜŮɠ PFAS 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ŮŰŬɘɟɑŮɠ ɧˊɤɠ ɞɘ Purolite, DuPont əŬɘ Calgon Carbon Corporation ɏɢɞɡɜ 

ŬɜŬˊŰɨɝŮɘ Ůɘŭɘəɏɠ ɟɖŰɑɜŮɠ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ PFAS. ȷɡŰɏɠ ɞɘ ɟɖŰɑɜŮɠ ŭɘŬɗɏŰɞɡɜ ůəŮɚŮŰɧ Ŭˊɧ 

ˊɞɚɡůŰɡɟɏɜɘɞ, ŭɘŬůɡɜŭŮŭŮɛɏɜɞ ɛŮ ɛɧɟɘŬ ŭɘɓɘɜɡɚɞɓŮɜɕɧɚɘɞɡ, əŬɘ əɎˊɞɘŬ ůɨɜɗŮŰɖ ɚŮɘŰɞɡɟɔɘəɐ 

ɞɛɎŭŬ Ŭɛɑɜɖɠ. Ƀɘ ɘŭɘɧŰɖŰŮɠ Űɖɠ ɟɖŰɑɜɖɠ ˊɞɡ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɞɜ ɟɡɗɛɧ ŬˊɞɛɎəɟɡɜůɖɠ 

PFAS ́ ŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ ůɨɜɗŮůɖ Űɞɡ ˊɞɚɡɛŮɟɞɨɠ (ůŰɡɟɏɜɘɞ ɏɜŬɜŰɘ Ŭəɟɡɚɘəɞɨ), Űɖ ŭɞɛɐ Űɤɜ 

ˊɧɟɤɜ (gel ɏɜŬɜŰɘ ɛŬəɟɞˊɞɟɩŭɞɡɠ) əŬɘ Űɖ ɚŮɘŰɞɡɟɔɘəɐ ɞɛɎŭŬ (ˊ.ɢ. ŰŮŰŬɟŰɞŰŬɔɐɠ ɐ ŰɟɘŰɞŰŬɔɐɠ 

Ŭɛɑɜɖ). Ⱥˊɘˊɚɏɞɜ, ɞɘ ˊɟɞůɟɞűɖŰɘəɏɠ ɘəŬɜɧŰɖŰŮɠ Űɖɠ ŮˊɖɟŮɎɕɞɜŰŬɘ Ůˊɑůɖɠ Ŭˊɧ ŰŬ űɡůɘəɞɢɖɛɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ ɜŮɟɞɨ, Űɞ pH, Űɖ ůɡɔəɏɜŰɟɤůɖ ɞɟɔŬɜɘəɩɜ əŬɘ ŬɜɧɟɔŬɜɤɜ 

ŮɜɩůŮɤɜ. ȰɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ɖ ɘəŬɜɧŰɖŰŬ ˊɟɞůɟɧűɖůɖɠ ɛŮɘɩɜŮŰŬɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ pH Űɞɡ 

ŭɘŬɚɨɛŬŰɞɠ. ũŮɜɘəɎ, ŰŬ ɛŬəɟɞˊɞɟɩŭɖ ɡɚɘəɎ ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɧŰŮɟŮɠ ɘəŬɜɧŰɖŰŮɠ ˊɟɞůɟɧűɖůɖɠ 

PFAS ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ɟɖŰɑɜŮɠ Űɨˊɞɡ gel.  Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ Ŭˊɧŭɞůɖ Űɤɜ ŮˊɘɚŮəŰɘəɩɜ 

ɟɖŰɘɜɩɜ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ŮɡŬɑůɗɖŰɖ ůŰɖɜ ˊŬɟɞɡůɑŬ ɡɣɖɚɩɜ ůɡɔəŮɜŰɟɩůŮɤɜ TOC Ŭˊɧ ŮəŮɑɜɖ Űɞɡ 

ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ. ɄŬɟɧɚŬ ŬɡŰɎ, ɛŮɔŬɚɨŰŮɟɖ ŬɜɖůɡɢɑŬ ɔɘŬ Űɖɜ ŬˊɞŭɞŰɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ 

ˊɟɞəŬɚŮɑ ɖ ˊŬɟɞɡůɑŬ ŬɜŰŬɔɤɜɘůŰɘəɩɜ ŬɜɘɧɜŰɤɜ ůŰɞ ɜŮɟɧ, ɧˊɤɠ ɜɘŰɟɘəɎ, ɗŮɘɘəɎ, ŭɘŰŰŬɜɗɟŬəɘəɎ 

əŬɘ ɢɚɤɟɘɞɨɢŬ. ȺɘŭɘəɧŰŮɟŬ, ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ˊŬɟŬˊɎɜɤ ŬɜɘɧɜŰɤɜ ůŰɞ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ 

ɟŮɨɛŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ˊɞɚɚɏɠ ŰɎɝŮɘɠ ɛŮɔɏɗɞɡɠ ɡɣɖɚɧŰŮɟŮɠ Ŭˊɧ ŮəŮɑɜŮɠ Űɤɜ PFAS Ůɜɩ 

ŬɜŰŬɔɤɜɑɕɞɜŰŬɘ ɔɘŬ Űɘɠ ɑŭɘŮɠ ŭɘŬɗɏůɘɛŮɠ ɗɏůŮɘɠ ŬɜŰŬɚɚŬɔɐɠ ůŰɖ ɟɖŰɑɜɖ. Ⱥˊɘˊɚɏɞɜ, ˊŬɟŬŰɖɟŮɑŰŬɘ 

ŭɡɜɖŰɘəɧɠ ŬɜŰŬɔɤɜɘůɛɧɠ əŬɘ ɛŮŰŬɝɨ ŮɜɩůŮɤɜ PFAS. ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɞ ŬɜŰŬɔɤɜɘůɛɧɠ ɛŮŰŬɝɨ 

Űɤɜ ŬɜɘɧɜŰɤɜ ŭŮɜ ɛŮɘɩɜŮɘ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ PFAS Űɖɠ ɟɖŰɑɜɖɠ, ŬɚɚɎ 

ŬɜŰɑɗŮŰŬ, ůɡɜŰɞɛŮɨŮɘ Űɞ ɢɟɧɜɞ ɛɏɢɟɘ Űɞɜ əɞɟŮůɛɧ Űɖɠ əŬɘ Űɖɜ ŬɜɎɔəɖ ŬɜŰɘəŬŰɎůŰŬůɐɠ Űɖɠ ɛŮ ɜɏŬ, 

ɞŭɖɔɩɜŰŬɠ ɛŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ əɧůŰɞɡɠ ŮˊŮɝŮɟɔŬůɑŬɠ. Ⱥˊɞɛɏɜɤɠ, ɖ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ ŬɜŰŬɔɤɜɘůɛɞɨ ɛŮŰŬɝɨ Űɤɜ ŬɜɘɧɜŰɤɜ ŬˊɞŰŮɚŮɑ 

ůɖɛŬɜŰɘəɧ ɕɐŰɖɛŬ əŬɘ ɛˊɞɟŮɑ ɜŬ ŮˊɘɚɡɗŮɑ ɛɏůɤ ˊɘɚɞŰɘəɩɜ ŭɞəɘɛɩɜ, Ůˊɘɚɞɔɐɠ əŬŰɎɚɚɖɚɤɜ 

ˊŬɟŬɛɏŰɟɤɜ ůɢŮŭɘŬůɛɞɨ əŬɘ ůɡɜŮɢɐ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮˊŮɝŮɟɔŬůɑŬɠ. [69],[70].  

 

ɄɑɜŬəŬɠ 5. 5: ȸŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɜŭŮɘəŰɘəɩɜ ŮˊɘɚŮəŰɘəɩɜ ɟɖŰɘɜɩɜ PFAS (Fuhar Dixit, 2021) 
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5.2.3 ɀɖɢŬɜɘůɛɞɑ ŬˊɞɛɎəɟɡɜůɖɠ PFAS 

ũɘŬ Űɖɜ ˊɟɞůɟɧűɖůɖ Űɤɜ PFAS ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ ˊɞɚɚŬˊɚɞɑ ɛɖɢŬɜɘůɛɞɑ, ɧˊɤɠ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ 

əŬɘ ɡŭɟɞűɞɓɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ, ŭŮůɛɞɑ ɡŭɟɞɔɧɜɞɡ, ŭɡɜɎɛŮɘɠ Van der Waals əŬɘ ŭŮůɛɞɑ ˊ-́ . 

ȷˊɧ Űɞɡɠ ˊŬɟŬˊɎɜɤ ɛɖɢŬɜɘůɛɞɨɠ, ɞɘ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ əŬɘ ɡŭɟɧűɞɓŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɏɢɞɡɜ 

ˊɟɤŰŬɟɢɘəɐ ůɖɛŬůɑŬ ůŰɖ ŭɘŬŭɘəŬůɑŬ ŬɜŰŬɚɚŬɔɐɠ ɘɧɜŰɤɜ. ȼ ˊŬɟɞɡůɑŬ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɏɢŮɘ ŮˊɘɓŮɓŬɘɤɗŮɑ ɚɧɔɤ Űɖɠ ɛŮŰŬɓɞɚɐɠ Űɞɡ pH Űɞɡ ŭɘŬɚɨɛŬŰɞɠ əŬŰɎ Űɖɜ 

ˊɟɞůɟɧűɖůɖ PFAS. ȺɘŭɘəɧŰŮɟŬ, Űɞ űɞɟŰɑɞ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ Űɖɠ ɟɖŰɑɜɖɠ ɛˊɞɟŮɑ ɜŬ 

ɛŮŰŬɓɚɖɗŮɑ ɛɏůɤ ˊɟɤŰɞɜɑɤůɖɠ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ ɛŮ ŬɜɎɚɞɔɖ ɛŮŰŬɓɞɚɐ 

Űɞɡ pH, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɖɟŮɎɕŮɘ ɎɛŮůŬ Űɖɜ ˊɟɞůɟɧűɖůɖ Űɤɜ PFAS. ȼ ŮˊɑŭɟŬůɖ Űɤɜ 

ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɏɢŮɘ Ůˊɑůɖɠ ŮˊɘɓŮɓŬɘɤɗŮɑ ɚɧɔɤ Űɖɠ ŬˊŮɚŮɡɗɏɟɤůɖɠ ɘɧɜŰɤɜ 

ɢɚɤɟɑɞɡ. ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ɞɘ ɡŭɟɧűɞɓŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ŮɑɜŬɘ ůɡɜɏˊŮɘŬ Űɖɠ əɑɜɖůɖɠ Űɤɜ 

PFAS ́ ɟɞɠ ɛɖ ˊɞɚɘəɏɠ ɡŭɟɧűɞɓŮɠ ŮˊɘűɎɜŮɘŮɠ. ȰɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ŰŬ PFAS ɛˊɞɟɞɨɜ ɜŬ 

ˊɟɞůɟɞűɖɗɞɨɜ ůŮ Ŭɜɘɞɜɘəɏɠ ŮˊɘűɎɜŮɘŮɠ, ɡˊŮɟɜɘəɩɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ˊɘɗŬɜɏɠ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ 

ŬˊɤɗɐůŮɘɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ. ɇɏɚɞɠ, ůɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɞɘ ɡŭɟɧűɞɓŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ˊŬɑɕɞɡɜ 

əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ ˊɟɞůɟɧűɖůɖ Űɖɠ ŭɘŬɚɡɛɏɜɖɠ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ, ɘŭɘŬɑŰŮɟŬ ɡˊɧ ůɡɜɗɐəŮɠ 

ɡɣɖɚɐɠ ůɡɔəɏɜŰɟɤůɖɠ ɘɧɜŰɤɜ 

[68],[70]. 

  

5.2.4 ȷˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ PFAS 

ȼ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɧůɘɛɞɡ ɜŮɟɞɨ Űɖɠ EPA ́ ŮɟɘɚŬɛɓɎɜŮɘ ŮəŰŮŰŬɛɏɜŬ 

ɓɘɓɚɘɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ ɔɘŬ Űɖɜ ŬűŬɑɟŮůɖ ŮɜɩůŮɤɜ 

PFAS. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɛŮɚɏŰŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŮɟɔŬůŰɐɟɘŬ, ůŮ 
ˊɘɚɞŰɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ əŬɘ ůŮ ŮűŬɟɛɞɔɏɠ ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ ȺɘŭɘəɧŰŮɟŬ, ɖ ŮűŬɟɛɞɔɐ Űɖɠ 

ŰŮɢɜɞɚɞɔɑŬɠ ŮˊɘŰɡɔɢɎɜŮɘ Ŭˊɧŭɞůɖ ŬˊɞɛɎəɟɡɜůɖɠ Ɏɜɤ Űɞɡ 90 Űɞɘɠ ŮəŬŰɧ ɔɘŬ Űɘɠ əŬɟɓɞɝɡɚɘəɏɠ əŬɘ 

ůɞɡɚűɞɜɘəɏɠ ŮɜɩůŮɘɠ PFAS Ůɜɩ ůɡɢɜɎ ŬűŬɘɟŮɑ ŬɡŰɏɠ Űɘɠ ŮɜɩůŮɘɠ ůŮ ŮˊɑˊŮŭŬ əɎŰɤ Ŭˊɧ ŰŬ 

ŬɜŬɚɡŰɘəɎ ɧɟɘŬ ŬɜɑɢɜŮɡůɖɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɧůɞɜ ŬűɞɟɎ ŰŬ PFOA əŬɘ PFOS, ɞɘ ɛɏɔɘůŰŮɠ 

ŬˊɞŭɧůŮɘɠ ŬűŬɑɟŮůɖɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 99 Űɞɘɠ ŮəŬŰɧ, əŬɘ Ůˊɑůɖɠ ɢŬɛɖɚɧŰŮɟŬ Ŭˊɧ ŰŬ 

ŬɜŬɚɡŰɘəɎ ɧɟɘŬ ŬɜɑɢɜŮɡůɖɠ əŬɘ ŰŬ ɟɡɗɛɘůŰɘəɎ ɧɟɘŬ ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ Ůˊɑ Űɞɡ ˊŬɟɧɜŰɞɠ. ɈˊɎɟɢɞɡɜ 

ɚɘɔɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ ɔɘŬ ɎɚɚŮɠ ɛɖ əŬɟɓɞɝɡɚɘəɏɠ əŬɘ ɛɖ 

ůɞɡɚűɞɜɘəɏɠ ŮɜɩůŮɘɠ PFAS, ŬɚɚɎ ŰŬ ŭɘŬɗɏůɘɛŬ ŭŮŭɞɛɏɜŬ ŭŮɑɢɜɞɡɜ ɛɏɔɘůŰɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ 

ŬűŬɑɟŮůɖɠ ŰɞɡɚɎɢɘůŰɞɜ 97 Űɞɘɠ ŮəŬŰɧ ɔɘŬ ˊɞɚɚɏɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŮɜɩůŮɘɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ 

Űɞɡ HFPO-DA. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɡɠ ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ [58]. 
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ɄɑɜŬəŬɠ 5. 6: ȷˊɞŰŮɚɏůɛŬŰŬ ŬˊɞɛɎəɟɡɜůɖɠ əŬɟɓɞɝɡɚɘəɩɜ PFAS ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ  IX (USEPA, 2024) 

 

 

ɄɑɜŬəŬɠ 5. 7: ȷˊɞŰŮɚɏůɛŬŰŬ ŬˊɞɛɎəɟɡɜůɖɠ ůɞɡɚűɞɜɘəɩɜ PFAS ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ IX (USEPA, 2024) 
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ɄɑɜŬəŬɠ 5. 8: ȷˊɞŰŮɚɏůɛŬŰŬ ŬˊɞɛɎəɟɡɜůɖɠ Ɏɚɚɤɜ PFAS ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ IX (USEPA, 2024) 

 

ȼ ɘəŬɜɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ ɔɘŬ ɛɘŬ ŭŮŭɞɛɏɜɖ ɏɜɤůɖ PFAS ŮˊɖɟŮɎɕŮŰŬɘ ɏɜŰɞɜŬ Ŭˊɧ Űɞ ɛɐəɞɠ Űɖɠ 

ŬɚɡůɑŭŬɠ Űɞɡ ɛɞɟɑɞɡ Űɖɠ (ŭɖɚŬŭɐ, Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬŰɧɛɤɜ ɎɜɗɟŬəŬ) əŬɘ Űɖ ɚŮɘŰɞɡɟɔɘəɐ Űɖɠ 

ɞɛɎŭŬ. ũŮɜɘəɎ, ɞɘ ɟɖŰɑɜŮɠ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ɘəŬɜɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ 

Űɤɜ ŮɜɩůŮɤɜ ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ ɏɜŬɜŰɘ Űɤɜ ŮɜɩůŮɤɜ ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ. Ⱥˊɘˊɚɏɞɜ, Űɞ Ůɑŭɞɠ Űɖɠ 

ɚŮɘŰɞɡɟɔɘəɐɠ ɞɛɎŭŬɠ Űɖɠ ɏɜɤůɖɠ PFAS űŬɑɜŮŰŬɘ ɜŬ ŮˊɖɟŮɎɕŮɘ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɓŬɗɛɧ Űɖɜ 

ɘəŬɜɧŰɖŰŬ ůɡɔəɟɎŰɖůɖɠ Űɖɠ Ŭˊɧ Űɖ ɟɖŰɑɜɖ, Ŭˊɧ ɧŰɘ Űɞ ɛɐəɞɠ Űɖɠ ŬɚɡůɑŭŬɠ Űɖɠ. 

Ⱥˊɘˊɚɏɞɜ, ŰŬ əŬɟɓɞɝɡɚɘəɎ PFAS ůɡɜɐɗɤɠ ɜŬ ŬˊɞəɧˊŰɞɜŰŬɘ ŰŬɢɨŰŮɟŬ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ 

ɟɖŰɑɜɖɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ůɞɡɚűɞɜɘəɎ. ɆɨɛűɤɜŬ ɛŮ Űɖ ɛŮɚɏŰɖ Űɤɜ Zeng et. al. (2020) ŬəɞɚɞɡɗŮɑ 

ɏɜŬ Űɡˊɘəɧ ˊŬɟɎŭŮɘɔɛŬ Űɖɠ ůŮɘɟɎɠ ŮɛűɎɜɘůɖɠ Űɞɡ űŬɘɜɞɛɏɜɞɡ Breakthrough, ɛŮ ɓɎůɖ Űɞɜ Ŭɟɘɗɛɧ 

Űɤɜ ŬŰɧɛɤɜ ɎɜɗɟŬəŬ Űɖɠ əɎɗŮ ɏɜɤůɖɠ (ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ˊŬɟɏɜɗŮůɖ) [71]: 

 

PFHxA (6) > PFHpA (7) > PFOA (8) > PFBS (4) > PFHxS (6) > PFOS (8) 

 

ȺəŰɧɠ Ŭˊɧ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ, ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮűŬɟɛɞɔɐ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ əɚɑɜɖɠ, ɖ ɞˊɞɑŬ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ əŬŰɎ Űɞ 

ɞˊɞɑɞ ɖ əɚɑɜɖ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰɡɔɢɎɜŮɘ ɏɜŬ ɞɟɘůɛɏɜɞ ˊɞůɞůŰɧ ŬűŬɑɟŮůɖɠ  ɐ ɏɜŬ ˊɟɞəŬɗɞɟɘůɛɏɜɞ 

ɧɟɘɞ ůɡɔəɏɜŰɟɤůɖɠ. Ƀ ɢɟɧɜɞɠ ɕɤɐɠ Űɖɠ əɚɑɜɖɠ ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ɤɠ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɖɛŮɟɩɜ ɐ 

ɛɖɜɩɜ ɛŮŰŬɝɨ Űɖɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ Űɞɡ ɛɏůɞɡ. ɀˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ŮəűɟŬůŰŮɑ ůŮ ɧɔəɞɡɠ əɚɑɜɖɠ 

(Bed Volume), ɏɜŬ ɛɏŰɟɞ Ŭˊɧŭɞůɖɠ ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ ɞ ɧɔəɞɠ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŮˊŮɝŮɟɔɎůŰɖəŮ əŬŰɎ 

Űɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ əɚɑɜɖɠ ŭɘŬɘɟŮɛɏɜɞɠ ɛŮ Űɞɜ ɧɔəɞ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ Űɖɠ əɚɑɜɖɠ. ɆŮ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ, ɏɜŬɠ ɡɣɖɚɧɠ Ŭɟɘɗɛɧɠ ɡˊɞŭɖɚɩɜŮɘ ɛŮɔŬɚɨŰŮɟɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ əɚɑɜɖɠ, ɛŮɘɤɛɏɜɞ 

əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɗɘůŰɩɜŰŬɠ Űɖ ŭɘŬŭɘəŬůɑŬ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɐ [60]. Ⱥˊɘˊɚɏɞɜ, 

ŮəŰɧɠ Ŭˊɧ Űɞ ɛɐəɞɠ Űɖɠ ŬɚɡůɑŭŬɠ əŬɘ Űɖ ɚŮɘŰɞɡɟɔɘəɐ ɞɛɎŭŬ Űɖɠ əɎɗŮ ɏɜɤůɖɠ, ɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ 

əɚɑɜɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ: 
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¶ ɇɞ ŮˊɘɚŮɔɧɛŮɜɞ ˊɞůɞůŰɧ ŬˊɞɛɎəɟɡɜůɖɠ ɔɘŬ əɎɗŮ ɞɡůɑŬ PFAS ɐ ɖ ˊɟɞəŬɗɞɟɘůɛɏɜɖ 

ůɡɔəɏɜŰɟɤůɖ ɔɘŬ Űɖɜ ɞˊɞɑŬ ɖ ˊɞɘɧŰɖŰŬ Űɞɡ ŮˊŮɝŮɟɔŬůɛɏɜɞɡ ɜŮɟɞɨ ɗŮɤɟŮɑŰŬɘ ɛɖ 

ŬˊɞŭŮəŰɐ  

¶ ɇɖɜ ůɡɔəɏɜŰɟɤůɖ Űɤɜ PFAS ůŰɞ ɟŮɨɛŬ Ůɘůɧŭɞɡ. 

¶ ȯɚɚŬ ˊɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŬəŬŰɏɟɔŬůŰɞɡ ɜŮɟɞɨ 

¶ ɇɞɜ ɧɔəɞ Űɖɠ əɚɑɜɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŬɟɞɢɐ Űɞɡ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ ɜŮɟɞɨ, ɛŮŰɟɞɨɛŮɜɞ 

ɛŮ Űɞ ɢɟɧɜɞ ŮˊŬűɐɠ əŮɜɞɨ əɚɑɜɖɠ (EBCT). 

¶ ɇɘɠ ɘŭɘɧŰɖŰŮɠ ˊɟɞůɟɧűɖůɖɠ əɎɗŮ ůɡɔəŮəɟɘɛɏɜɖɠ ɟɖŰɑɜɖɠ  

 

5.2.5 ɉɟɧɜɞɠ ŮˊŬűɐɠ əŮɜɐɠ əɚɑɜɖɠ (EBCT) 

ɀɘŬ Ŭˊɧ Űɘɠ əɟɘůɘɛɧŰŮɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ ˊɞɘɧŰɖŰŬɠ Űɞɡ 

ŮˊŮɝŮɟɔŬůɛɏɜɞɡ ɜŮɟɞɨ ŬˊɞŰŮɚŮɑ ɞ ɢɟɧɜɞɠ ŮˊŬűɐɠ əŮɜɐɠ əɚɑɜɖɠ. ȼ ˊŬɟɎɛŮŰɟɞɠ ŬɡŰɐ ɞɟɑɕŮŰŬɘ ɤɠ 

ɞ ɢɟɧɜɞɠ ɔɘŬ Űɞɜ ɞˊɞɑɞ Űɞ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ ɡɔɟɧ ɓɟɑůəŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ˊɚɖɟɤŰɘəɧ ɡɚɘəɧ əŬɘ 

ɘůɞɨŰŬɘ ɛŮ Űɞɜ ɧɔəɞ Űɖɠ ɎŭŮɘŬɠ əɚɑɜɖɠ ŭɘŬɘɟŮɛɏɜɞ ɛŮ Űɖɜ ˊŬɟɞɢɐ ŰɟɞűɞŭɞůɑŬɠ. Ƀ ŬˊŬɘŰɞɨɛŮɜɞɠ 

ɢɟɧɜɞɠ ˊɞɘəɑɚɚŮɘ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɏɜɤůɖɠ PFAS, Űɖ 

ůɡɔəɏɜŰɟɤůɐ Űɖɠ, Űɞ ŮˊɘɗɡɛɖŰɧ ˊɞůɞůŰɧ ŬˊɞɛɎəɟɡɜůɖɠ, Űɞɜ Űɨˊɞ Űɖɠ ɟɖŰɑɜɖɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ, Űɖɜ ɨˊŬɟɝɖ Ɏɚɚɤɜ ɢɖɛɘəɩɜ ɞɡůɘɩɜ ˊɞɡ ŬɜŰŬɔɤɜɑɕɞɜŰŬɘ ɔɘŬ Űɘɠ ɗɏůŮɘɠ 

ˊɟɧůŭŮůɖɠ Űɖɠ ɟɖŰɑɜɖɠ ɛŮ ŰŬ PFAS əŬɘ ɎɚɚŬ űɡůɘəɞɢɖɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɟŮɨɛŬŰɞɠ 

ŰɟɞűɞŭɞůɑŬɠ. ȰɜŬ ˊɘɚɞŰɘəɧ ůɨůŰɖɛŬ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ, Űɞ ɞˊɞɑɞ Ůɜ ůɡɜŮɢŮɑŬ ɏɚŬɓŮ ɎŭŮɘŬ ɛɧɜɘɛɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ,  ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɨɞ əɚɑɜŮɠ ůŮ ůŮɘɟɎ, ŮɑɢŮ ůɡɜɞɚɘəɧ ɢɟɧɜɞ ŮˊŬűɐɠ 5.6 ɚŮˊŰɎ. 

Ⱥˊɘˊɚɏɞɜ, ɞɘ əŬŰŬůəŮɡŬůŰɏɠ ŮˊɘɚŮəŰɘəɩɜ ɟɖŰɘɜɩɜ PFAS ́ ɟɞŰŮɑɜɞɡɜ ůɡɜɐɗɤɠ ɢɟɧɜɞ ŮˊŬűɐɠ 

ɛŮŰŬɝɨ 3 əŬɘ 6 ɚŮˊŰɩɜ. [61],[62]. 

 

5.2.7 ȷɜŬɔɏɜɜɖůɖ əŬɘ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖ ɟɖŰɘɜɩɜ 

ȼ ŬɜŬɔɏɜɜɖůɖ Űɤɜ əɞɟŮůɛɏɜɤɜ ɟɖŰɘɜɩɜ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɏůɤ Űɖɠ ɢɟɐůɖɠ ɞɟɔŬɜɘəɩɜ 

ŭɘŬɚɡŰɩɜ, ɧˊɤɠ ɖ ɛŮɗŬɜɧɚɖ, ŬɜɧɟɔŬɜɤɜ ŬɚɎŰɤɜ, ɧˊɤɠ Űɞ ɢɚɤɟɘɞɨɢɞ ɜɎŰɟɘɞ, ɓɎůŮɤɜ, ɧˊɤɠ Űɞ 

ɡŭɟɞɝŮɑŭɘɞ Űɞɡ ɜŬŰɟɑɞɡ, Ůɜɩ ůɡɢɜɎ ɔɑɜŮŰŬɘ ůɡɜŭɡŬůɛɩɜ Űɤɜ ˊŬɟŬˊɎɜɤ ɢɖɛɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ. 

ȺɘŭɘəɧŰŮɟŬ, ɧůɞɜ ŬűɞɟɎ Űɘɠ Ŭɜɘɞɜɘəɏɠ ɟɖŰɑɜŮɠ, ɖ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɤɜ ŬɜŬɔŮɜɜɖŰɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ ŮɝŬɟŰɎŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɘɠ ŮɔɔŮɜŮɑɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ əɎɗŮ ɟɖŰɑɜɖɠ əŬɘ Űɘɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɖɠ ɛŮ ŰŬ PFAS ́ɞɡ ɏɢɞɡɜ ŭŮůɛŮɡŰŮɑ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ.  ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ 

ɖ ɢɟɐůɖ ŭɘŬɚɡɛɎŰɤɜ ŬɜɧɟɔŬɜɤɜ ŬɚɎŰɤɜ ŭŮɜ ŮɑɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ, ůɡɜɘůŰɎŰŬɘ ɞ ůɡɜŭɡŬůɛɧɠ 

Űɞɡɠ ɛŮ ŭɘŬɚɨɛŬŰŬ ɓɎůɖɠ. Ⱥˊɞɛɏɜɤɠ, ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ əŬŰɎɚɚɖɚɤɜ ˊŬɟŬɔɧɜŰɤɜ ŬɜŬɔɏɜɜɖůɖɠ 

əŬɘ Ůˊɞɛɏɜɤɠ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŬˊɞŭɞŰɘəɧŰɖŰŬɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ əɟɑůɘɛɞ ɜŬ 

ŬɝɘɞɚɞɔɞɨɜŰŬɘ ůɤůŰɎ, ɞɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɟɖŰɘɜɩɜ əŬɘ ɞɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɞɡɠ ɛŮ Űɘɠ ɚŮɘŰɞɡɟɔɘəɏɠ 

ɞɛɎŭŮɠ Űɤɜ PFAS. Ⱥˊɘˊɚɏɞɜ, ɗŬ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɘɜ ɞɘ ˊɟɞəɚɐůŮɘɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ 

Űɖ ŭɘŬɢŮɑɟɘůɖ ɢɟɖůɘɛɞˊɞɘɖɛɏɜɤɜ ɢɖɛɘəɩɜ ŭɘŬɚɡɛɎŰɤɜ, ůŰŬ ɞˊɞɑŬ ˊŮɟɘɏɢɞɜŰŬɘ ɡɣɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ PFAS. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ Ůɘŭɘəɏɠ ɟɖŰɑɜŮɠ ˊɞɡ ůŰɞɢŮɨɞɡɜ 

ŬˊɞəɚŮɘůŰɘəɎ ůŰɖɜ ŬˊɞɛɎəɟɡɜůɖ PFAS. ŪŬ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ́ɘɞ ůɡɜɖɗɘůɛɏɜɖ ˊɟŬəŰɘəɐ 

ůŰɖ ɓɘɞɛɖɢŬɜɑŬ, ɧŰŬɜ ŬɡŰɏɠ əɞɟŮůŰɞɨɜ, ŮɑɜŬɘ ɖ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡɠ ɛŮ ɜɏŬ əŬɘ ɧɢɘ ɖ ˊɟɞůˊɎɗŮɘŬ 
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ŬɜŬɔɏɜɜɖůɖɠ Űɞɡɠ. ɇɏɚɞɠ, ɔɘŬ Űɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ əɞɟŮůɛɏɜɤɜ ɟɖŰɘɜɩɜ ůŮ ɛɖ ŬɜŬůŰɟɏɣɘɛɞ ɓŬɗɛɧ,  

ŮűŬɟɛɧɕɞɜŰŬɘ ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ Űɖɠ  ŬˊɞŰɏűɟɤůɖɠ ɐ ŭɘŮɟɔŬůɑŮɠ ˊɟɞɢɤɟɖɛɏɜɖɠ ɞɝŮɑŭɤůɖɠ [73]. 

 

5.2.6 ȺűŬɟɛɞɔɏɠ Ʉɚɐɟɞɡɠ ȾɚɑɛŬəŬɠ 

ȼ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ůŰɖɜ ŬűŬɑɟŮůɖ PFAS ɔɑɜŮŰŬɘ ŮɛűŬɜɐɠ Ŭˊɧ 

Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɛɞɜɎŭɤɜ ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ 

Űɞɡ ˊɧůɘɛɞɡ ɜŮɟɞɨ. ɆŰɘɠ ȼɄȷ, ɖ ́ ɟɩŰɖ ɛɞɜɎŭŬ ŮˊŮɝŮɟɔŬůɑŬɠ ɛŮ ɢɟɐůɖ ŮˊɘɚŮəŰɘəɩɜ ɟɖŰɘɜɩɜ 

ɝŮəɑɜɖůŮ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ Űɞ 2017. ȷˊɧ ŰɧŰŮ, ɛɘŬ ůŮɘɟɎ Ŭˊɧ ɎɚɚŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ ˊɚɐɟɞɡɠ 

əɚɑɛŬəŬɠ ɡɘɞɗɏŰɖůŬɜ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ. ȷɜ əŬɘ ɖ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐ ˊŬɟŬɛɏɜŮɘ ɛɘŬ ɚɘɔɧŰŮɟɞ 

ŭɘŬŭŮŭɞɛɏɜɖ Ůˊɘɚɞɔɐ ɔɘŬ Űɖɜ ŬűŬɑɟŮůɖ PFAS Ŭˊɧ Űɖ ɢɟɐůɖ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ 

ŬɡɝɖŰɘəɐ ŰɎůɖ ůŰɞ ˊɞůɞůŰɧ Űɤɜ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůɡůŰɖɛɎŰɤɜ Ƚɉ ůŮ ŮɔəŬŰŬůŰɎůŮɘɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ ˊɧůɘɛɞɡ ɜŮɟɞɨ. ɆŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ əɟɑɜŮŰŬɘ ůəɧˊɘɛɞ ɜŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ 

ɛŮ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐ ŭɨɜŬŰŬɘ ɜŬ ɞŭɖɔŮɑ ůŮ Ŭɨɝɖůɖ Űɖɠ ŭɘŬɓɟɤŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ 

ŮˊŮɝŮɟɔŬůɛɏɜɞɡ ɜŮɟɞɨ ɚɧɔɤ Űɖɠ ŰŬɡŰɧɢɟɞɜɖɠ ˊɟɞůɗɐəɖɠ ɢɚɤɟɘəɩɜ əŬɘ ŬɜɗɟŬəɘəɩɜ ɘɧɜŰɤɜ. ɆŮ 

ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɖ Ŭɡɝɖɛɏɜɖ ŭɘŬɓɟɤŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ŬˊɞŰŮɚŮɑ ɛŬəɟɞˊɟɧɗŮůɛɞ 

ˊɟɧɓɚɖɛŬ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ˊɟɞůɗɐəɖ Ůɜɧɠ ɓɐɛŬŰɞɠ ɢɖɛɘəɐɠ ɟɨɗɛɘůɖɠ Űɞɡ pH, ɔŮɔɞɜɧɠ ˊɞɡ 

ɞŭɖɔŮɑ ɓŮɓŬɑɤɠ ůŮ Ŭɡɝɖɛɏɜɞ əɧůŰɞɠ ɚŮɘŰɞɡɟɔɑŬɠ [58]. ɆɨɛűɤɜŬ ɛŮ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ ůŰɞɜ 

Ŭəɧɚɞɡɗɞ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ ˊɞɡ 

ɚŮɘŰɞɡɟɔɞɨɜ ůŰɘɠ ȼɄȷ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐ ɤɠ ɛɏɗɞŭɞ ŮˊŮɝŮɟɔŬůɑŬɠ:  

 

ɄɑɜŬəŬɠ 5. 9: ȺɔəŬŰŬůŰɎůŮɘɠ ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɟɖŰɑɜŮɠ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ PFAS 

(USEPA, 2024) 
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ɆɢɐɛŬ 5. 2: ɆɨůŰɖɛŬ ŮˊŮɝŮɟɔŬůɑŬɠ ɟɖŰɑɜɖɠ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ (SAMCO) 
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5.3 ɇŮɢɜɞɚɞɔɑŮɠ ɀŮɛɓɟŬɜɩɜ - ȷɜŰɑůŰɟɞűɖ ɩůɛɤůɖ əŬɘ ɁŬɜɞŭɘɐɗɖůɖ 

(RO/NF) 

5.3.1 ũŮɜɘəɐ ˊŮɟɘɔɟŬűɐ 

Ƀɘ ŰŮɢɜɞɚɞɔɑŮɠ ŭɘŬɢɤɟɘůɛɞɨ ɛŮɛɓɟŬɜɩɜ ŬˊɞŰŮɚɞɨɜ ɛɘŬ Ůɡɟɏɤɠ ŮűŬɟɛɞůɛɏɜɖ ɚɨůɖ ɔɘŬ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ Űɤɜ PFAS Ŭˊɧ Űɞ ˊɧůɘɛɞ ɜŮɟɧ. Ƀɘ ŰŮɢɜɞɚɞɔɑŮɠ ŬɡŰɏɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɢɟɐůɖ Ůɘŭɘəɩɜ 

ɛŮɛɓɟŬɜɩɜ, ɞɘ ɞˊɞɑŮɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɡɣɖɚɐ ŮəɚŮəŰɘəɧŰɖŰŬ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ůŰɖ 

ůɡɔəɟɎŰɖůɖ ɟɨˊɤɜ əŬɘ ůɢŮŰɘəɎ Ůɨəɞɚɖ ŮˊɏəŰŬůɖ Űɖɠ ŭɡɜŬɛɘəɧŰɖŰŬɠ Űɞɡɠ, ˊŬɟɏɢɞɜŰŬɠ ɛŮ ŬɡŰɧ 

Űɞɜ Űɟɧˊɞ ɛɘŬ ɓɘɩůɘɛɖ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɞɜ əŬɗŬɟɘůɛɧ Űɞɡ ɜŮɟɞɨ. ȺɘŭɘəɧŰŮɟŬ, ɖ ŬɜŰɑůŰɟɞűɖ 

ɩůɛɤůɖ (RO) əŬɘ ɖ ɜŬɜɞŭɘɐɗɖůɖ (NF) ŮɑɜŬɘ ŭɘŮɟɔŬůɑŮɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ɔɘŬ Űɞɜ ŭɘŬɢɤɟɘůɛɧ 

ɟɡˊŬɜŰɩɜ Ŭˊɧ Űɞ ˊɧůɘɛɞ ɜŮɟɧ ɛŮ Űɖ ɢɟɐůɖ Ůɘŭɘəɩɜ ɖɛɘˊŮɟŬŰɩɜ ɛŮɛɓɟŬɜɩɜ. ȷɡŰɏɠ ɞɘ ŭɘŮɟɔŬůɑŮɠ 

ŭɘŬɢɤɟɑɕɞɡɜ ŭɘŬɚɡŰɎ ůŰɞɘɢŮɑŬ, ɧˊɤɠ ɘɧɜŰŬ, ŮɜɩůŮɘɠ PFAS ə.Ŭ  Ŭˊɧ Űɞ ŭɘɎɚɡɛŬ, ŬɜŬɔəɎɕɞɜŰŬɠ Űɞɜ 

ŭɘŬɚɨŰɖ ɜŬ ˊŮɟɎůŮɘ ɛɏůŬ Ŭˊɧ ɛɘŬ ɛŮɛɓɟɎɜɖ ɡˊɧ ˊɑŮůɖ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖ ɤůɛɤŰɘəɐ. ɆŰɞɜ ŰɞɛɏŬ 

Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ˊɧůɘɛɞɡ ɜŮɟɞɨ, ɞɘ ɛŮɛɓɟɎɜŮɠ ŬɡŰɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůɡɢɜɎ ůŮ 

ŭɘŬɛɧɟűɤůɖ ůˊŮɘɟɞŮɘŭɞɨɠ ˊŮɟɘŰɨɚɘɝɖɠ. ȼ ŭɘɎŰŬɝɖ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůŰɞɘɢŮɑŬ 

ɛŮɛɓɟŬɜɩɜ, ůɡɜɐɗɤɠ ŮˊɑˊŮŭŮɠ ɛŮɛɓɟɎɜŮɠ (flat sheet membranes), ɞɘ ɞˊɞɑŮɠ ɢɤɟɑɕɞɜŰŬɘ ɛŮŰŬɝɨ 

Űɞɡɠ ɛŮ ŬˊɞůŰɎŰŮɠ əŬɘ ŮɑɜŬɘ ŰɡɚɘɔɛɏɜŮɠ ɔɨɟɤ Ŭˊɧ ɏɜŬɜ əŮɜŰɟɘəɧ ůɤɚɐɜŬ ůɡɚɚɞɔɐɠ. Ɇɡɜɖɗɘůɛɏɜɖ 

ŮɑɜŬɘ Ůˊɑůɖɠ ɖ ɢɟɐůɖ ɛŮɛɓɟŬɜɩɜ əɞɑɚɖɠ ɑɜŬɠ (hollow fiber), ɧˊɞɡ ɖ ɟɞɐ Űɞɡ ɜŮɟɞɨ ŬəɞɚɞɡɗŮɑ Űɖ 

ˊɞɟŮɑŬ Ŭˊɧ Űɖɜ ŮɝɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ ɛŮɛɓɟŬɜɞůŰɞɘɢŮɑɞɡ ˊɟɞɠ Űɞ ŮůɤŰŮɟɘəɧ Űɞɡ (out-in flow). 

ũŮɜɘəɎ, ɞɘ ɛŮɛɓɟɎɜŮɠ ŬɜŰɑůŰɟɞűɖɠ ɩůɛɤůɖɠ ɏɢɞɡɜ ɛɘəɟɧŰŮɟɞ ɎɜɞɘɔɛŬ ˊɧɟɤɜ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ 

ɛŮɛɓɟɎɜŮɠ ɜŬɜɞŭɘɐɗɖůɖɠ əŬɘ ŮɑɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟŮɠ ůŰɖɜ ŬˊɞɛɎəɟɡɜůɖ ɞɡůɘɩɜ ɛɘəɟɧŰŮɟɞɡ 

ɛŮɔɏɗɞɡɠ. Ⱥˊɞɛɏɜɤɠ, ůŰɖɜ ŬɔɞɟɎ ɡˊɎɟɢŮɘ ˊɚɖɗɩɟŬ ɛŮɛɓɟŬɜɩɜ, Űɧůɞ ɔɘŬ ŮűŬɟɛɞɔɏɠ ŬɜŰɑůŰɟɞűɖɠ 

ɩůɛɤůɖɠ ɧůɞ əŬɘ ɔɘŬ ɜŬɜɞŭɘɐɗɖůɖɠ, Ŭˊɧ ŭɘŬűɞɟŮŰɘəɞɨɠ əŬŰŬůəŮɡŬůŰɏɠ, ɞɘ ɞˊɞɑŮɠ ˊɞɘəɑɚɚɞɡɜ ɤɠ 

ˊɟɞɠ Űɞ ŮɚɎɢɘůŰɞ ɛɏɔŮɗɞɠ əŬɘ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɤɜ ɞɡůɘɩɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞɟɟɑɣɞɡɜ 

[72],[74].  

 

 

ɆɢɐɛŬ 5. 3: ȺˊɑˊŮŭɖ ɛŮɛɓɟɎɜɖ ůˊŮɘɟɞŮɘŭɞɨɠ ́ŮɟɘŰɨɚɘɝɖɠ (McMordie S, 2013) 
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ɆɢɐɛŬ 5. 4: ɀŮɛɓɟŬɜɞůŰɞɘɢŮɑɞ əɞɑɚɖɠ ɑɜŬɠ (hollow fiber) (McMordie S, 2013) 

 

ȾŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŭɘŬɢɤɟɘůɛɞɨ ɛŮ Űɖ ɢɟɐůɖ ɖɛɘˊŮɟŬŰɩɜ ɛŮɛɓɟŬɜɩɜ, ɞɡůɑŮɠ ɛŮ ŭɘŬűɞɟŮŰɘəɧ 

ɛɞɟɘŬəɧ ɓɎɟɞɠ ɛŮŰŬűɏɟɞɜŰŬɘ ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ɟɡɗɛɞɨɠ. ɀŮ Űɖɜ ŮűŬɟɛɞɔɐ əŬŰɎɚɚɖɚɖɠ ˊɑŮůɖɠ ɖ 

ɟɞɐ ŰɟɞűɞŭɞůɑŬɠ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ɟŮɨɛŬŰŬ: 

¶ ɇɞ ŮˊŮɝŮɟɔŬůɛɏɜɞ ɟŮɨɛŬ, ɔɜɤůŰɧ əŬɘ ɤɠ ŭɘɐɗɖɛŬ, Űɞ ɞˊɞɑɞ ŭɘŬˊŮɟɜɎ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ 

Űɖɠ ɛŮɛɓɟɎɜɖɠ ɛŬɕɑ ɛŮ ŭɘŬɚɡŰɏɠ ŮɜɩůŮɘɠ ɢŬɛɖɚɞɨ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ, əŬɘ ůɡɚɚɏɔŮŰŬɘ Ŭˊɧ 

Űɞɜ Ŭɔɤɔɧ ůɡɚɚɞɔɐɠ. 

¶ ɇɞ ůɡɛˊɨəɜɤɛŬ, ɏɜŬ ɟŮɨɛŬ ɡɔɟɞɨ ˊɞɡ ŭŮɜ ŭɘŬˊŮɟɜɎ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɛŮɛɓɟɎɜɖɠ, əŬɘ Űɞ 

ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ŮɜɩůŮɘɠ ɛŮɔŬɚɨŰŮɟɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ. 

 

 

 

ɆɢɐɛŬ 5. 5: ȹɘŬɢɤɟɘůɛɧɠ ŰɟɞűɞŭɞůɑŬɠ əŬŰɎ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɛŮ ŬɜŰɑůŰɟɞűɖ ɩůɛɤůɖ (USEPA, 2024) 

ɆŰŬ ůɡůŰɐɛŬŰŬ ɛŮ ɛŮɛɓɟɎɜŮɠ ɜŬɜɞŭɘɐɗɖůɖɠ ɞɘ ˊɘɏůŮɘɠ ůŰɞ ɟŮɨɛŬ ŰɟɞűɞŭɞůɑŬɠ əɡɛŬɑɜɞɜŰŬɘ 

ůɡɜɐɗɤɠ Ŭˊɧ 50 ɏɤɠ 150 psi. ȳůɞɜ ŬűɞɟɎ ŰŬ ůɡůŰɐɛŬŰŬ ŬɜŰɑůŰɟɞűɖɠ ɩůɛɤůɖɠ, ɞɘ ˊɘɏůŮɘɠ 



сс 
 

ŰɟɞűɞŭɞůɑŬɠ ˊɟɞɠ Űɘɠ ɛŮɛɓɟɎɜŮɠ  əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 125 ɏɤɠ 300 psi ůŮ ŮűŬɟɛɞɔɏɠ ɢŬɛɖɚɐɠ ˊɑŮůɖɠ 

ˊɞɡ ůŰɞɢŮɨɞɡɜ ůŰɖɜ ŬˊɞɛɎəɟɡɜůɖ ŮɜɩůŮɤɜ ɛŮɔɎɚɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ. ȰɜŬ ůɨůŰɖɛŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ ŬɜŰɑůŰɟɞűɖ ɩůɛɤůɖ ɐ ɜŬɜɞŭɘɐɗɖůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɞɚɚŬˊɚɎ 

ůŰɞɘɢŮɑŬ ɛŮɛɓɟŬɜɩɜ, ŰɞˊɞɗŮŰɖɛɏɜŬ ɛɏůŬ ůŮ ́ɘŮůŰɘəɎ ŭɞɢŮɑŬ. ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɡɣɖɚɧ ˊɞůɞůŰɧ 

ŬɜɎəŰɖůɖɠ əŬɘ Ŭˊɧŭɞůɖɠ ŬˊɞɛɎəɟɡɜůɖɠ ɟɡˊŬɜŰɩɜ, ŬɡŰɎ ŰŬ ŭɞɢŮɑŬ ůɡɜɐɗɤɠ ŭɘŬŰɎůůɞɜŰŬɘ ůŮ 

ŭɘŬŭɞɢɘəɎ ůŰɎŭɘŬ, ůɡɜɐɗɤɠ ɏɤɠ əŬɘ ŰɟɑŬ ůŮ ůŮɘɟɎ, ŬɜɎɚɞɔŬ ɛŮ Űɞ ŮˊɘɗɡɛɖŰɧ ŮˊɑˊŮŭɞ ŬɜɎəŰɖůɖɠ. 

ɇɞ ŮˊŮɝŮɟɔŬůɛɏɜɞ ŭɘɐɗɖɛŬ ůɡɚɚɏɔŮŰŬɘ Ŭˊɧ əɎɗŮ ŭɞɢŮɑɞ ˊɑŮůɖɠ, Ůɜɩ Űɞ ůɡɛˊɨəɜɤɛŬ Ŭˊɧ Űɞ 

ˊɟɩŰɞ ůŰɎŭɘɞ ɛŮɛɓɟɎɜɖɠ ŬˊɞŰŮɚŮɑ Űɖɜ ŰɟɞűɞŭɞůɑŬ ɔɘŬ Űɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ əŬɘ Űɞ ůɡɛˊɨəɜɤɛŬ Űɞɡ 

ŭŮɨŰŮɟɞɡ ůŰŬŭɑɞɡ ŰɟɞűɞŭɞůɑŬ ɔɘŬ Űɞ ŰɟɑŰɞ, ŬɜŰɑůŰɞɘɢŬ. ȷɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ, əɎɗŮ ŭɘŬŭɞɢɘəɧ 

ůŰɎŭɘɞ ɜŬ ŬɡɝɎɜŮɘ Űɖ ůɡɜɞɚɘəɐ ŬɜɎəŰɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ [72]. ȾŬɗɩɠ Űɞ ɜŮɟɧ ŰɟɞűɞŭɞůɑŬɠ 

ŭɘŬůɢɑɕŮɘ Űɞ ůɨůŰɖɛŬ ɛŮɛɓɟŬɜɩɜ əŬɘ ɔɑɜŮŰŬɘ ˊɘɞ ůɡɛˊɡəɜɤɛɏɜɞ, ɖ ɤůɛɤŰɘəɐ Űɞɡ ˊɑŮůɖ 

ŬɡɝɎɜŮŰŬɘ. ȼ ˊɑŮůɖ ŰɟɞűɞŭɞůɑŬɠ ˊɟɏˊŮɘ ɜŬ ɡˊŮɟɜɘəɎ Űɖɜ ɤůɛɤŰɘəɐ ˊɑŮůɖ. ȼ ŰŮɚɘəɐ ůɡɔəɏɜŰɟɤůɖ 

ůŰɞ ůɡɛˊɨəɜɤɛŬ ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ˊɑŮůɖ ŰɟɞűɞŭɞůɑŬɠ əŬɘ Űɖɜ əŬŰŬɜɎɚɤůɖ 

ŮɜɏɟɔŮɘŬɠ [74]. ɇɏɚɞɠ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŰɞɜɘůŰŮɑ ɖ ŬɜŬɔəŬɘɧŰɖŰŬ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ 

ɛŮŰŮˊŮɝŮɟɔŬůɑŬɠ ́ɞɡ ůɡɢɜɎ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ůŰɘɠ ŮűŬɟɛɞɔɏɠ ŰŮɢɜɞɚɞɔɘɩɜ ŮˊŮɝŮɟɔŬůɑŬɠ ɛŮɓɟŬɜɩɜ. 

ȷɜŬɚɡŰɘəɧŰŮɟŬ, ɞɘ ŬˊŬɘŰɐůŮɘɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ɟŮɨɛŬŰɞɠ ŰɟɞűɞŭɞůɑŬɠ əŬɗɞɟɑɕɞɜŰŬɘ ɛŮ ɓɎůɖ 

ŰŬ ˊɞɘɧŰɖŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əŬɘ Űɞɜ Űɨˊɞ Űɖɠ ɛŮɛɓɟɎɜɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ŮɑɜŬɘ 

ŬɜŮɝɎɟŰɖŰŮɠ Ŭˊɧ Űɞ Ůɑŭɞɠ Űɞɡ ɟɨˊɞɡ ˊɞɡ ˊɟɞɞɟɑɕŮŰŬɘ ɜŬ ŬˊɞɛŬəɟɡɜɗŮɑ. ɆɡɢɜɎ, ˊɟɘɜ Űɖɜ Ůɑůɞŭɞ 

Űɞɡ ɜŮɟɞɨ ůŰɞ ůɨůŰɖɛŬ ŬɜŰɑůŰɟɞűɖɠ ɩůɛɤůɖɠ ɐ ɜŬɜɞŭɘɐɗɖůɖɠ ŮɔəŬɗɑůŰŬɜŰŬɘ ˊɟɞűɑɚŰɟŬ ɔɘŬ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ ůŰŮɟŮɩɜ ˊɞɡ ŮɜŭɏɢŮŰŬɘ ɜŬ ˊɟɞəŬɚɏůɞɡɜ űɗɞɟɏɠ ůŰɘɠ ɛŮɛɓɟɎɜŮɠ. ɄɏɟŬɜ ŰɞɨŰɞɡ, 

ŮɑɜŬɘ əɟɑůɘɛɖ ɖ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ əɘɜŭɨɜɞɡ ŮɛűɟɎɝŮɤɜ ɚɧɔɤ Űɤɜ ˊɞɘɞŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ 

ŬəŬŰɏɟɔŬůŰɞɡ ɜŮɟɞɨ ɧˊɤɠ űɡůɘəɐ ɞɟɔŬɜɘəɐ ɨɚɖ əŬɘ ŮɜɩůŮɤɜ ɧˊɤɠ ŬɜɗɟŬəɘəɧ ŬůɓɏůŰɘɞ, 

ŭɘɞɝŮɑŭɘɞ Űɞɡ ˊɡɟɘŰɑɞɡ, űɗɞɟɘɞɨɢɞ ŬůɓɏůŰɘɞ. ɆɡɜŮˊɩɠ, ɖ ˊɟɞůɗɐəɖ ɞɝɏɞɠ ɐ ŬɜŰɘəŬɗŬɚŬŰɤŰɘəɞɨ 

(antiscalant) ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ŬˊɞŰɟɞˊɐ ŬˊɞɗɏůŮɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ 

ɛŮɛɓɟɎɜɖɠ. ɇɏɚɞɠ, Űɞ ˊŬɟŬɔɧɛŮɜɞ ŭɘɐɗɖɛŬ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ ůɡɢɜɎ ŭɘŬɓɟɤŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ. 

ɆŮ ůɡɔəŮəɟɘɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ŬɜɎɛɘɝɖ Űɞɡ ɛŮ ˊɧůɘɛɞ ɜŮɟɧ ŭɘəŰɨɞɡ ɔɘŬ Űɖɜ ɛŮɑɤůɖ 

Űɖɠ ŭɘŬɓɟɤŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ. ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ŬɡŰɧ ŭŮɜ ŮɑɜŬɘ ŮűɘəŰɧ, ɛˊɞɟŮɑ ɜŬ 

ŬˊŬɘŰŮɑŰŬɘ ˊɟɧůɗŮŰɖ ŮˊŮɝŮɟɔŬůɑŬ, ɧˊɤɠ ɖ ˊɟɞůɗɐəɖ ɡŭɟɞɝŮɘŭɑɞɡ Űɞɡ ɜŬŰɟɑɞɡ [58]. 

 

5.3.2 ȷˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ PFAS 

ȼ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɧůɘɛɞɡ ɜŮɟɞɨ Űɖɠ EPA ́ ŮɟɘɚŬɛɓɎɜŮɘ ŮəŰŮŰŬɛɏɜŬ 

ɓɘɓɚɘɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ PFAS ŬɜŬűɞɟɘəɎ ɛŮ Űɘɠ ŰŮɢɜɞɚɞɔɑŮɠ 

ŬɜŰɑůŰɟɞűɖɠ ɩůɛɤůɖɠ əŬɘ ɜŬɜɞŭɘɐɗɖůɖɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɛŮɚɏŰŮɠ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŮɟɔŬůŰɐɟɘŬ, ůŮ ˊɘɚɞŰɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ əŬɘ ůŮ ŮűŬɟɛɞɔɏɠ ˊɚɐɟɞɡɠ 

əɚɑɛŬəŬɠ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɡɠ ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ. ɀŮ ɓɎůɖ ŰŬ ŭɘŬɗɏůɘɛŬ ůŰɞɘɢŮɑŬ, ŰŬ 

ˊɞůɞůŰɎ ŬˊɞɛɎəɟɡɜůɖɠ Űɤɜ PFAS əɡɛŬɑɜɞɜŰŬɘ ůŰɞ ŬɜɩŰŮɟɞ Ůɨɟɞɠ Űɞɡ 90% ɔɘŬ ůɢŮŭɧɜ ɧɚŬ ŰŬ 

əŬɟɓɞɝɡɚɘəɎ əŬɘ ůɞɡɚűɞɜɘəɎ PFAS.  ɆɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɘɠ ŮɜɩůŮɘɠ PFOA əŬɘ PFOS, ɞɘ ɛɏɔɘůŰŮɠ 

ŬˊɞŭɧůŮɘɠ ŬˊɞɛɎəɟɡɜůɖɠ ɝŮˊŮɟɜɞɨɜ Űɞ 99%, ɛŮɘɩɜɞɜŰŬɠ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůŮ ŮˊɑˊŮŭŬ 

ɢŬɛɖɚɧŰŮɟŬ Ŭˊɧ ŰŬ ŰɟɏɢɞɜŰŬ ɟɡɗɛɘůŰɘəɎ ɧɟɘŬ. Ⱥˊɘˊɚɏɞɜ, ůŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɖ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ Űɤɜ PFAS ůɢŮŰɑɕŮŰŬɘ ůŰŮɜɎ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

ɛŮɛɓɟɎɜɖɠ əŬɘ Űɖɠ ɢɖɛɘəɐɠ ɏɜɤůɖɠ [58]. 
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ɄɑɜŬəŬɠ 5. 10: ȷˊɞŰŮɚɏůɛŬŰŬ ŬˊɞɛɎəɟɡɜůɖɠ ůɞɡɚűɞɜɘəɩɜ PFAS ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ NF/RO (USEPA, 2024) 

 

 

 

ɄɑɜŬəŬɠ 5. 11: ȷˊɞŰŮɚɏůɛŬŰŬ ŬˊɞɛɎəɟɡɜůɖɠ əŬɟɓɞɝɡɚɘəɩɜ PFAS ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ NF/RO (USEPA, 2024) 
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ɄɑɜŬəŬɠ 5. 12: ȷˊɞŰŮɚɏůɛŬŰŬ ŬˊɞɛɎəɟɡɜůɖɠ Ɏɚɚɤɜ PFAS ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ NF/RO (USEPA, 2024) 

 

 

5.3.3 ɀɖɢŬɜɘůɛɞɑ ŬˊɞɛɎəɟɡɜůɖɠ PFAS  

ȼ ɡɣɖɚɐ Ŭˊɧŭɞůɖ ŬˊɞɛɎəɟɡɜůɖɠ PFAS Ŭˊɧ ɛŮɛɓɟɎɜŮɠ ɜŬɜɞŭɘɐɗɖůɖɠ əŬɘ ŬɜŰɑůŰɟɞűɖɠ ɩůɛɤůɖɠ 

ŬˊɞŭɑŭŮŰŬɘ ůŮ ɏɜŬɜ ůɨɜɗŮŰɞ ůɡɜŭɡŬůɛɧ ɛɖɢŬɜɘůɛɩɜ, ɧˊɤɠ ɞ ůŰŮɟŮɞɢɖɛɘəɧɠ ŬˊɞəɚŮɘůɛɧɠ, ɞɘ 

ɖɚŮəŰɟɞůŰŬŰɘəɏɠ ŬˊɤɗɐůŮɘɠ əŬɘ ɞɘ ɡŭɟɧűɞɓŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ. Ƀ ůŰŮɟŮɞɢɖɛɘəɧɠ ŬˊɞəɚŮɘůɛɧɠ, 

ŬˊɞŰŮɚŮɑ əɡɟɑŬɟɢɞ ɛɖɢŬɜɘůɛɧ Ŭˊɧɟɟɘɣɖɠ Űɤɜ PFAS ɛŮ ɛɞɟɘŬəɧ ɓɎɟɞɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ Űɞ 

ɛɞɟɘŬəɧ ɓɎɟɞɠ Ŭˊɞəɞˊɐɠ (Molecular Weight Cut-off) Űɖɠ ŮəɎůŰɞŰŮ ɛŮɛɓɟɎɜɖɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, 

ɖ ɡɣɖɚɐ Ŭˊɧɟɟɘɣɖ Űɤɜ PFAS ɛŮ ɛɏůɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ 250ï500 g/mol, ŬˊɞŭɑŭŮŰŬɘ ůŰɖ ɛɘəɟɧŰŮɟɖ 

Űɘɛɐ MWCO Űɤɜ ɛŮɛɓɟŬɜɩɜ NF (180 g/mol) əŬɘ RO (100 g/mol). ɇɞ ɢŬɛɖɚɧŰŮɟɞ MWCO Űɤɜ 

RO ɛŮɛɓɟŬɜɩɜ ŭɘəŬɘɞɚɞɔŮɑ ŰŬ ɡɣɖɚɧŰŮɟŬ ˊɞůɞůŰɎ Ŭˊɧɟɟɘɣɖɠ (>99%) ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ NF 

ɛŮɛɓɟɎɜŮɠ (>98%). Ƀɘ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ əŬɘ ɡŭɟɧűɞɓŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ŬˊɞŰŮɚɞɨɜ Ůˊɑůɖɠ 

əɟɑůɘɛɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ŬˊɞɛɎəɟɡɜůɖɠ PFAS. ɆɡɔəŮəɟɘɛɏɜŬ, ɖ ůɖɛŬůɑŬ Űɤɜ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ůŰɖɜ Ŭˊɧɟɟɘɣɖ ŮɑɜŬɘ əɡɟɑŬɟɢɖ ɧŰŬɜ Űɞ ɛɏɔŮɗɞɠ Űɤɜ űɞɟŰɘůɛɏɜɤɜ ŭɘŬɚɡɛɏɜɤɜ 

ɞɡůɘɩɜ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞɡɠ ˊɧɟɞɡɠ Űɖɠ ɛŮɛɓɟɎɜɖɠ. ɆŰɖɜ ˊɟɎɝɖ, Űɞ űɞɟŰɑɞ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

Űɖɠ ɛŮɛɓɟɎɜɖɠ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ ˊɚɖɗɩɟŬ ˊŬɟŬɔɧɜŰɤɜ ɧˊɤɠ ɞɘ ŮɔɔŮɜŮɑɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡɚɘəɞɨ ŬɚɚɎ 

əŬɘ ŰŬ ˊɞɘɞŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɜŮɟɞɨ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ pH, Űɖɠ ɘɞɜŰɘəɐɠ ɘůɢɨɞɠ 

əŬɘ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ. Ƀɘ ɛŮɛɓɟɎɜŮɠ ɛŮ ɘůɞɖɚŮəŰɟɘəɧ ůɖɛŮɑɞ ůŮ pH ɢŬɛɖɚɧŰŮɟɞ Űɞɡ 7 ŬˊɞəŰɞɨɜ 

ŬɟɜɖŰɘəɧ űɞɟŰɑɞ ůŮ ɞɡŭɏŰŮɟŮɠ ůɡɜɗɐəŮɠ, ˊɟɞɤɗɩɜŰŬɠ Űɖɜ Ŭˊɩɗɖůɖ Űɤɜ PFAS. Ⱥˊɘˊɚɏɞɜ, ɖ 

ˊŬɟɞɡůɑŬ əŬŰɘɧɜŰɤɜ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ˊɟɞůɟɧűɖůɖ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɛŮɛɓɟɎɜɖɠ, 

ŮɝɞɡŭŮŰŮɟɩɜɞɜŰŬɠ Űɞ ŬɟɜɖŰɘəɧ űɞɟŰɑɞ əŬɘ ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ ˊɟɞůɟɧűɖůɖ PFAS. ɄŬɟɎɚɚɖɚŬ, ɞɘ 

ɡŭɟɧűɞɓŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɖɠ űɗɞɟɘɤɛɏɜɖɠ ŬɚɡůɑŭŬɠ Űɤɜ PFAS əŬɘ Űɖɠ ɛŮɛɓɟɎɜɖɠ, 

ɛɏůɤ ŭɡɜɎɛŮɤɜ van der Waals, ˊɟɞɎɔɞɡɜ Űɖɜ ˊɟɞůɟɧűɖůɖ, Űɖ ůɡůůɩɟŮɡůɖ əŬɘ Űɖ ůɡɔəɟɎŰɖůɖ 

Űɤɜ PFAS ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ [75],[76]. 
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ɆɢɐɛŬ 5. 6: ȷˊŮɘəɧɜɘůɖ əɨɟɘɤɜ ɛɖɢŬɜɘůɛɩɜ ŬˊɞɛɎəɟɡɜůɖɠ PFAS Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɛŮɛɓɟɎɜɖɠ. (Liu C, 2022) 

 

5.3.4 ɄŬɟɎɔɞɜŰŮɠ ˊɞɡ Ů́ ɖɟŮɎɕɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ PFAS  

 

5.3.4.1 Ɉɚɘəɧ əŬŰŬůəŮɡɐɠ ɛŮɛɓɟɎɜɖɠ 

ȼ Ůˊɘɚɞɔɐ Űɞɡ ɡɚɘəɞɨ Űɖɠ ɛŮɛɓɟɎɜɖɠ ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Ŭˊɧɟɟɘɣɖɠ PFAS, 

əŬɗɩɠ ˊɞɚɚɎ ɡɚɘəɎ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ ŭɘŬűɞɟŮŰɘəɧ Űɟɧˊɞ ɛŮ ŬɡŰɎ. ȳůɞɜ ŬűɞɟɎ Űɘɠ ŭɘŮɟɔŬůɑŮɠ 

ɜŬɜɞŭɘɐɗɖůɖɠ əŬɘ ŬɜŰɑůŰɟɞűɖɠ ɩůɛɤůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ˊɞɚɡɛŮɟɘəɏɠ ɛŮɛɓɟɎɜŮɠ, ɞɘ 

ɞˊɞɑŮɠ ůɡɜɐɗɤɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ PA, PVDF əŬɘ PES. ȷɡŰɏɠ ŭɘŬɗɏŰɞɡɜ ˊɡəɜɏɠ ɛɞɟɘŬəɏɠ 

ŭɞɛɏɠ ɛŮ ɛɘəɟɐ ŭɘɎɛŮŰɟɞ ˊɧɟɤɜ, ŮˊɘŰɟɏˊɞɜŰŬɠ ɡɣɖɚɎ ˊɞůɞůŰɎ Ŭˊɧɟɟɘɣɖɠ PFAS. Ⱥˊɘˊɚɏɞɜ, 

ŮɛűŬɜɑɕɞɡɜ ɡɣɖɚɐ ɢɖɛɘəɐ ŬɜŰɞɢɐ, ɚŮɘŰɞɡɟɔɞɨɜ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ůŮ Ůɡɟɨ űɎůɛŬ pH, əŬɗɘůŰɩɜŰŬɠ 

ŰŮɠ əŬŰɎɚɚɖɚŮɠ ɔɘŬ ˊɞɘəɑɚŮɠ ŮűŬɟɛɞɔɏɠ, ɧˊɤɠ ɖ ŮˊŮɝŮɟɔŬůɑŬ ˊɧůɘɛɞɡ ɜŮɟɞɨ əŬɘ ɚɡɛɎŰɤɜ. Ʉɞɚɚɏɠ 

ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭɘŮɝŬɢɗŮɑ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ ˊɞɚɡɎɟɘɗɛɤɜ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛɤɜ 

ɛŮɛɓɟŬɜɩɜ, ˊŬɟɏɢɞɜŰŬɠ ˊɞɚɨŰɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ. ɄŬɟɎ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɞɡɠ ůŰɖɜ 

ŬˊɞɛɎəɟɡɜůɖ PFAS, ɞɘ ɛŮɛɓɟɎɜŮɠ ŮɑɜŬɘ ŮɡɎɚɤŰŮɠ ůŮ űŬɘɜɧɛŮɜŬ ɞɟɔŬɜɘəɐɠ ɟɨˊŬɜůɖɠ (fouling) 

əŬɘ ůɡůůɩɟŮɡůɖɠ ŬɜɧɟɔŬɜɤɜ ůŰŮɟŮɩɜ (scaling) ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ, ŰŬ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ 

Ůˊɘűɏɟɞɡɜ Űɖɜ ɞɚɘəɐ ɏɛűɟŬɝɖ Űɞɡɠ. ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢɞɡɜ ŭɘŮɟŮɡɜɖɗŮɑ ɛɏɗɞŭɞɘ ɔɘŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɡɚɘəɩɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɞɘ Fang et. al. ŬɜɏˊŰɡɝŬɜ ɡŭɟɧűɘɚŮɠ ɛŮɛɓɟɎɜŮɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɞɚɡŬəɟɘɚɞɜɘŰɟɑɚɘɞ (PAN) Űɟɞˊɞˊɞɘɖɛɏɜɞ ɛŮ ŬɛɘɜɞɛɎŭŮɠ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ 98% 

Ŭˊɧɟɟɘɣɖ PFOS ɛŮ ŮɚɎɢɘůŰɖ ɟɨˊŬɜůɖ, ŬˊɞŭŮɘəɜɨɞɜŰŬɠ ɓŮɚŰɘɤɛɏɜɖ ŬɜɗŮəŰɘəɧŰɖŰŬ əŬɘ 

ůŰŬɗŮɟɧŰɖŰŬ [74]. 

 

5.3.4.2 ɀɏɔŮɗɞɠ ˊɧɟɤɜ ɛŮɛɓɟɎɜɖɠ 

ɇɞ ɛɏɔŮɗɞɠ Űɤɜ ˊɧɟɤɜ əŬɘ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Ŭˊɞəɞˊɐɠ (MWCO) Űɤɜ ɛŮɛɓɟŬɜɩɜ ŬˊɞŰŮɚɞɨɜ 

əɟɑůɘɛɞɡɠ ˊŬɟɎɔɞɜŰŮɠ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬˊɞɛɎəɟɡɜůɖ PFAS Ŭˊɧ Űɞ ɜŮɟɧ. ũŮɜɘəɎ, Űɞ 

MWCO Űɤɜ ɛŮɛɓɟŬɜɩɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Űɤɜ PFAS ɔɘŬ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬˊɞɛɎəɟɡɜůɐ. ɇɡˊɘəɏɠ Űɘɛɏɠ MWCO ɔɘŬ ɛŮɛɓɟɎɜŮɠ ɜŬɜɞŭɘɐɗɖůɖɠ əŬɘ 
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ŬɜŰɑůŰɟɞűɖɠ ɩůɛɤůɖɠ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 200ï1000 Da əŬɘ 150ï300 Da ŬɜŰɑůŰɞɘɢŬ. Ƀɘ 

ˊŬɟŬˊɎɜɤ ɛŮɛɓɟɎɜŮɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ əɡɟɑɤɠ ɚɧɔɤ Űɞɡ ɛɘəɟɧŰŮɟɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ 

ˊɧɟɤɜ əŬɘ Űɞɡ ɢŬɛɖɚɧŰŮɟɞɡ ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ Ŭˊɞəɞˊɐɠ Űɞɡɠ. ɋůŰɧůɞ, ɖ  ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ 

Űɞɡɠ ˊŬɟŬŰɖɟŮɑŰŬɘ əɡɟɑɤɠ ɧůɞɜ ŬűɞɟɎ ŰŬ PFAS ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ, ɧˊɤɠ ŰŬ PFOA əŬɘ PFOS. 

ȷɜŰɑɗŮŰŬ, ŰŬ PFAS ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ, ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɢŬɛɖɚɧŰŮɟɞ MWCO, ɧˊɤɠ Űɞ TFA (114,02 

g/mol), ɛˊɞɟɞɨɜ ɗŮɤɟɖŰɘəɎ ɜŬ ŭɘŬˊŮɟɎůɞɡɜ Űɘɠ ɛŮɛɓɟɎɜŮɠ ɛŮ ɡɣɖɚɧŰŮɟŬ MWCO. ɆɡɜŮˊɩɠ, 

ŮəŰɧɠ Ŭˊɧ Űɖɜ Ŭˊɧɟɟɘɣɖ ɚɧɔɤ ɛŮɔɏɗɞɡɠ, Ɏɚɚɞɘ ɛɖɢŬɜɘůɛɞɑ, ɧˊɤɠ ɞɘ ɖɚŮəŰɟɞůŰŬŰɘəɏɠ əŬɘ 

ɡŭɟɧűɞɓŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ, ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ. ȺɘŭɘəɧŰŮɟŬ, ůŮ ɛŮɚɏŰɖ Űɤɜ Ma, Q., 

et. al. (2024), ɧ́ ɞɡ ŬɝɘɞɚɞɔɐɗɖəŮ ɖ Ŭˊɧɟɟɘɣɖ 10 ŭɘŬűɞɟŮŰɘəɩɜ PFAS ɛŮ ˊɞɘəɑɚŬ ɛɐəɖ ŬɚɡůɑŭŬɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛŮɛɓɟɎɜŮɠ ɜŬɜɞŭɘɐɗɖůɖɠ əŬɘ ŬɜŰɑůŰɟɞűɖɠ ɩůɛɤůɖɠ, ˊŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ŰŬ 

PFAS ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ, ɧˊɤɠ Űɞ PFDA əŬɘ Űɞ PFUnDa, ˊŬɟɞɡůɑŬůŬɜ ɡɣɖɚɧŰŮɟŬ ˊɞůɞůŰɎ 

Ŭˊɧɟɟɘɣɖɠ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ PFAS ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ, ɧˊɤɠ Űɞ PFBA əŬɘ Űɞ PFBS. Ⱥˊɘˊɚɏɞɜ, 

ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ɖ ˊŬɟɞɡůɑŬ ɘɧɜŰɤɜ, ɧˊɤɠ Űɞ CaĮ  əŬɘ Űɞ MgĮ , ŭɨɜŬŰŬɘ ɜŬ ɞŭɖɔɐůŮɘ ůŰɞɜ 

ůɢɖɛŬŰɘůɛɧ ɔŮűɡɟɤŰɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ, ɞɘ ɞˊɞɑŮɠ Ůɜɘůɢɨɞɡɜ Űɖɜ Ŭˊɧɟɟɘɣɖ Űɤɜ PFAS [78]. 

 

5.3.4.3 ȺˊɘűŬɜŮɘŬəɧ űɞɟŰɑɞ əŬɘ ɡŭɟɞűɞɓɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɛŮɛɓɟɎɜɖɠ 

ɇɞ ŮˊɘűŬɜŮɘŬəɧ űɞɟŰɑɞ Űɖɠ ɛŮɛɓɟɎɜɖɠ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ Ŭˊɧɟɟɘɣɖɠ PFAS. ɇɞ ŭɡɜŬɛɘəɧ ɕɐŰŬ (zeta potential) ŬˊɞŰŮɚŮɑ ɛɘŬ Ůɡɟɏɤɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ˊŬɟɎɛŮŰɟɞ ɔɘŬ Űɖ ɛɏŰɟɖůɖ Űɞɡ űɞɟŰɑɞɡ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ, əŬɗɩɠ 

ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɖɜ ɏɜŰŬůɖ Űɤɜ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɛŮŰŬɝɨ ŬɡŰɐɠ əŬɘ Űɤɜ 

ɛɞɟɑɤɜ PFAS. ũŮɜɘəɎ, ɡɣɖɚɏɠ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ Űɞɡ ŭɡɜŬɛɘəɞɨ ɕɐŰŬ ɡˊɞŭɖɚɩɜɞɡɜ ɛɘŬ ˊɘɞ ŬɟɜɖŰɘəɎ 

űɞɟŰɘůɛɏɜɖ ŮˊɘűɎɜŮɘŬ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɜɘůɢɨŮɘ Űɖɜ ɖɚŮəŰɟɞůŰŬŰɘəɐ Ŭˊɩɗɖůɖ ɛŮŰŬɝɨ Űɤɜ PFAS əŬɘ 

Űɖɠ ɛŮɛɓɟɎɜɖɠ. ȰɜŬɠ ŬəɧɛŬ ůɖɛŬɜŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ŮɑɜŬɘ ɖ 

ɡŭɟɧűɞɓɖ ɐ ɡŭɟɧűɘɚɖ űɨůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɛŮɛɓɟɎɜɖɠ, ɖ ɞˊɞɑŬ ɧɢɘ ɛɧɜɞ ŮˊɖɟŮɎɕŮɘ Űɖɜ 

ɘəŬɜɧŰɖŰŬ Ŭˊɧɟɟɘɣɖɠ PFAS, ŬɚɚɎ əŬɘ Űɞ ɓŬɗɛɧ ɟɨˊŬɜůɖɠ Űɖɠ ɛŮɛɓɟɎɜɖɠ. ɇŬ PFAS ŮɑɜŬɘ ŮɔɔŮɜɩɠ 

ɡŭɟɧűɞɓŬ ɚɧɔɤ Űɤɜ ŭŮůɛɩɜ C-F ůŰɖ ŭɞɛɐ Űɞɡɠ, ɛŮ Űɖɜ ɘŭɘɧŰɖŰŬ ŬɡŰɐ ɜŬ ŬɡɝɎɜŮŰŬɘ ɧůɞ 

ɛŮɔŬɚɩɜŮɘ Űɞ ɛɐəɞɠ Űɖɠ ŬɚɡůɑŭŬɠ. ɆɡɜŮˊɩɠ, ɖ ɢɟɐůɖ ɡŭɟɧűɞɓɤɜ ɛŮɛɓɟŬɜɩɜ ŮɜɘůɢɨŮɘ Űɘɠ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɛŮɛɓɟɎɜɖɠ əŬɘ Űɤɜ PFAS, ɞŭɖɔɩɜŰŬɠ ůŰɖɜ 

ˊɟɞůɟɧűɖůɖ Űɞɡɠ ůŮ ŮəŮɑɜɖ əŬɘ ˊɟɞəŬɚɩɜŰŬɠ ɟɨˊŬɜůɖ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ŰŮɚɘəɎ ůŮ 

ɞɚɘəɐ ɏɛűɟŬɝɖ. ȷɜŰɘɗɏŰɤɠ, ɞɘ ɛŮɛɓɟɎɜŮɠ ɛŮ ɡŭɟɧűɘɚɖ ŮˊɘűɎɜŮɘŬ Ůɜɘůɢɨɞɡɜ Űɖɜ Ŭˊɧɟɟɘɣɖ Űɤɜ 

PFAS əŬɘ ɛŮɘɩɜɞɡɜ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ  ŮɛűɟɎɝŮɤɜ, əŬɗɩɠ ŰŬ ɛɧɟɘŬ PFAS əŬɘ ɎɚɚŮɠ ŮɜɩůŮɘɠ ɏɢɞɡɜ 

ɚɘɔɧŰŮɟŮɠ ˊɘɗŬɜɧŰɖŰŮɠ ɜŬ ˊɟɞůɟɞűɖɗɞɨɜ ůŮ ŬɡŰɐ. Ⱥˊɞɛɏɜɤɠ, ɔɘŬ Űɖ ɛŮɑɤůɖ Űɖɠ ˊɟɞůɟɧűɖůɖɠ 

PFAS ŮɑɜŬɘ əɟɑůɘɛɖ, ɖ Ůɜɑůɢɡůɖ Űɖɠ ɡŭɟɞűɘɚɘəɧŰɖŰŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ 

ɛŮ Űɖɜ ŮɜůɤɛɎŰɤůɖ ŭɘŬűɞɟŮŰɘəɩɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɡɚɘəɩɜ (ˊ.ɢ., ɜŬɜɞɦɚɘəɎ, ˊɟɧůɗŮŰŬ ɐ ɡŭɟɧűɘɚŬ 

ɛɞɜɞɛŮɟɐ) ůŰɞ ůəŮɚŮŰɧ Űɖɠ ɛŮɛɓɟɎɜɖɠ əŬŰɎ Űɖɜ əŬŰŬůəŮɡɐ Űɖɠ [74]. 

ɆŰɞɜ ˊɑɜŬəŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ Ŭˊɧŭɞůɖ ŮɟɔŬůŰɖɟɘŬəɩɜ əŬɘ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛɤɜ 

ɛŮɛɓɟŬɜɩɜ NF/RO ́ɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ PFAS. 
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ɄɑɜŬəŬɠ 5. 13: ȷˊɧŭɞůɖ ŬˊɞɛɎəɟɡɜůɖɠ PFAS ŭɘɎűɞɟɤɜ ɛŮɛɓɟŬɜɩɜ ɡˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜɗɐəŮɠ (Liu C, 2022) 
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5.3.4.4 ɄŬɟɞɡůɑŬ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ 

ȼ ˊŬɟɞɡůɑŬ ɞɟɔŬɜɘəɐɠ ɨɚɖɠ ůŰŬ űɡůɘəɎ ɨŭŬŰŬ ŮɜŭɏɢŮŰŬɘ ɜŬ ŮˊɖɟŮɎůŮɘ Űɖɜ ůɡɜɞɚɘəɐ Ŭˊɧŭɞůɖ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ űɑɚŰɟŬɜůɖɠ əŬɗɩɠ ɛˊɞɟŮɑ ŬɜŰɘŭɟɎůŮɘ ɛŮ ŰŬ PFAS, ɜŬ ˊɟɞəŬɚɏůŮɘ ɛŮŰŬɓɞɚɏɠ Űɞ 

űɞɟŰɑɞ Űɖɠ ɛŮɛɓɟɎɜɖɠ əŬɘ ɜŬ ˊɟɞůɟɞűɖɗŮɑ ůŰɖ ŮˊɘűɎɜŮɘɎ Űɖɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ 

ɞŭɖɔɐůŮɘ ůŮ ɏɛűɟŬɝɖ Űɖɠ ɛŮɛɓɟɎɜɖɠ, ɛŮɘɩɜɞɜŰŬɠ Űɖ ɟɞɐ Űɞɡ ŭɘɖɗɐɛŬŰɞɠ. ɋůŰɧůɞ, ɏɢŮɘ 

ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ůŮ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞ ˊɞůɞůŰɧ Ŭˊɧɟɟɘɣɖɠ Űɖɠ ɛŮɛɓɟɎɜɖɠ ɛˊɞɟŮɑ ɜŬ 

ŬɡɝɖɗŮɑ, ɘŭɑɤɠ ɔɘŬ PFAS ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɞɘ Liu et al. (2022) ŭɘŬˊɑůŰɤůŬɜ ɧŰɘ 

Űɞ ˊɞůɞůŰɧ Ŭˊɧɟɟɘɣɖɠ Űɤɜ PFOA əŬɘ PFBA ŬɡɝɐɗɖəŮ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ 

ɢɞɡɛɘəɞɨ ɞɝɏɞɠ (HA) əŬɘ űɞɡɚɓɘəɞɨ ɞɝɏɞɠ (FA) ůŰɞ ŭɘɎɚɡɛŬ, ɚɧɔɤ Űɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ Űɞɡɠ 

ɛŮ PFAS, ˊɞɡ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɞ ůɢɖɛŬŰɘůɛɧ ɛŮɔŬɚɨŰŮɟɤɜ ůɡɛˊɚɧəɤɜ.  ɄŬɟɞɛɞɑɤɠ, ɞɘ Zhao 

et al. ˊŬɟŬŰɐɟɖůŬɜ ɧŰɘ Űɞ ˊɞůɞůŰɧ Ŭˊɧɟɟɘɣɖɠ Űɞɡ PFOS ŬɡɝɐɗɖəŮ ŮɚŬűɟɩɠ Ŭˊɧ 94,1% ůŮ 95,1% 

ɧŰŬɜ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ HA ůŰɞ ŭɘɎɚɡɛŬ ŬɡɝɐɗɖəŮ Ŭˊɧ 5 ůŮ 20 mg/L. ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ 

ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ɞɟɘŬəɐ ŬɡŰɐ Ŭɨɝɖůɖ ůŰɖɜ Ŭˊɧɟɟɘɣɖ Űɞɡ PFOS ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ɞ ŬˊɞəɚŮɘůɛɧɠ 

ɚɧɔɤ ɛŮɔɏɗɞɡɠ ɐŰŬɜ ɐŭɖ ɞ əɡɟɑŬɟɢɞɠ ɛɖɢŬɜɘůɛɧɠ Ŭˊɧɟɟɘɣɖɠ Űɞɡ PFOS. ɋůŰɧůɞ, ɖ ŮɚŬűɟɎ 

ɓŮɚŰɑɤůɖ Űɞɡ ˊɞůɞůŰɞɨ Ŭˊɧɟɟɘɣɖɠ ŬˊɞŭɧɗɖəŮ ůŰɖɜ Ůɜɑůɢɡůɖ Űɤɜ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬˊɤɗɐůŮɤɜ. 

ŪŬ ˊɟɏˊŮɘ, ɤůŰɧůɞ, ɜŬ ŰɞɜɘůŰŮɑ ɧŰɘ əŬɘ ůŰɘɠ ŭɨɞ ɛŮɚɏŰŮɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Ŭˊɘɞɜɘůɛɏɜɞ ɜŮɟɧ 

ŮɛˊɚɞɡŰɘůɛɏɜɞ ɛŮ PFAS. ȷɡŰɐ ɖ ˊɟɞůɏɔɔɘůɖ ŮɜŭɏɢŮŰŬɘ ɜŬ ɛɖɜ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ ɛŮ ŬəɟɑɓŮɘŬ Űɖ 

ůɡɛˊŮɟɘűɞɟɎ Ɏɚɚɤɜ ŮɜɩůŮɤɜ PFAS ůŮ ˊɟŬɔɛŬŰɘəɏɠ, ˊɚɐɟɞɡɠ əɚɑɛŬəŬɠ ŮűŬɟɛɞɔɏɠ [75]. 

5.3.4.5 ȺˊɑŭɟŬůɖ ɘɞɜŰɘəɐɠ ɘůɢɨɞɠ  

ɇŬ ŮˊɘűŬɜŮɘŬəɎ əŬɘ ɡˊɧɔŮɘŬ ɨŭŬŰŬ ůɡɢɜɎ ˊŮɟɘɏɢɞɡɜ ɘɧɜŰŬ ɧˊɤɠ CaĮ , MgĮ , Na, K, POį ,ɁɃ3, 

ŰŬ ɞˊɞɑŬ ŮˊɖɟŮɎɕɞɡɜ Űɘɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ Űɤɜ PFAS ɛŮ Űɘɠ ˊɞɚɡɛŮɟɘəɏɠ ɛŮɛɓɟɎɜŮɠ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, ŬɜɘɧɜŰŬ ɡɣɖɚɧŰŮɟɞɡ ůɗɏɜɞɡɠ, ɧˊɤɠ ŰŬ űɤůűɞɟɘəɎ (POį ) ŬɡɝɎɜɞɡɜ Űɖɜ 

ɖɚŮəŰɟŬɟɜɖŰɘəɧŰɖŰŬ Űɤɜ ŮˊɘűŬɜŮɘɩɜ Űɤɜ ɛŮɛɓɟŬɜɩɜ, ɓŮɚŰɘɩɜɞɜŰŬɠ Űɖɜ Ŭˊɧɟɟɘɣɖ Űɤɜ PFOS əŬɘ 

PFOA. ɄŬɟɞɛɞɑɤɠ, ɧůɞɜ ŬűɞɟɎ ŰŬ PFOS, ŰŬ əŬŰɘɧɜŰŬ ɛŮŰɎɚɚɤɜ ɧˊɤɠ ˊ.ɢ. MgĮ , CaĮ , Feį   

ɛˊɞɟɞɨɜ ɜŬ ŬɚɚɖɚŮˊɘŭɟɎůɞɡɜ ɛŮ Űɖ ɚŮɘŰɞɡɟɔɘəɐ ɞɛɎŭŬ Űɖɠ əŮűŬɚɐɠ Űɤɜ ɛɞɟɑɤɜ, ŬɡɝɎɜɞɜŰŬɠ Űɞ 

ɛɞɟɘŬəɧ ɛɏɔŮɗɞɠ Űɞɡɠ, ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ Ŭˊɧɟɟɘɣɖ Ŭˊɧ Űɘɠ ɛŮɛɓɟɎɜŮɠ RO əŬɘ NF. Ⱥˊɘˊɚɏɞɜ, ɗŬ 

ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ˊɧɟɤɜ Űɤɜ ɛŮɛɓɟŬɜɩɜ ɛŮŰŬɓɎɚɚŮŰŬɘ ůɖɛŬɜŰɘəɎ ɛŮ 

ɓɎůɖ Űɖɜ ɘɞɜŰɘəɐ ɘůɢɨ Űɞɡ ɜŮɟɞɨ. ȼ ɘɞɜŰɘəɐ ɘůɢɨɠ ɢŬɛɖɚɐɠ əŬɘ ɛɏŰɟɘŬɠ ɏɜŰŬůɖɠ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞəŬɚɏůŮɘ ůɡůŰɞɚɐ Űɤɜ ˊɧɟɤɜ Űɖɠ ɛŮɛɓɟɎɜɖɠ, ŮɜɘůɢɨɞɜŰŬɠ Űɞɜ ɛɖɢŬɜɘůɛɧ Ŭˊɧɟɟɘɣɖɠ ɚɧɔɤ 

ɛŮɔɏɗɞɡɠ. ȷɜŰɑɗŮŰŬ, ˊɞɚɨ ɡɣɖɚɐ ɘɞɜŰɘəɐ ɘůɢɨɠ ɞŭɖɔŮɑ ůŮ ŭɘɧɔəɤůɖ Űɤɜ ˊɧɟɤɜ, ɛŮɘɩɜɞɜŰŬɠ Űɖɜ 

Ŭˊɧɟɟɘɣɖ PFAS. ɆŮ ŮɟɔŬůŰɖɟɘŬəɐ ŭɞəɘɛɐ ŭɘɐɗɖůɖɠ 24 ɤɟɩɜ ůŮ ŭɘɎɚɡɛŬ 1000 mM NaCl, 

ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ɖ ŭɘɎɛŮŰɟɞɠ Űɤɜ ˊɧɟɤɜ Űɖɠ ɛŮɛɓɟɎɜɖɠ NF90 ŬɡɝɐɗɖəŮ Ŭˊɧ 0,45 Ñ 0,07 nm ůŮ 

0,64 Ñ 0,06 nm, ɡˊɞŭŮɘəɜɨɞɜŰŬɠ ɧŰɘ ɖ ɡɣɖɚɐ ɘɞɜŰɘəɐ ɘůɢɨɠ ɛˊɞɟŮɑ ɜŬ ŰɟɞˊɞˊɞɘɐůŮɘ Űɞ 

ˊɞɚɡŬɛɘŭɘəɧ ŭɑəŰɡɞ əŬɘ Űɖ ɜŬɜɞˊɞɟɩŭɖ ŭɞɛɐ, ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Ŭˊɧɟɟɘɣɖɠ. ɇŬ 

ŮɡɟɐɛŬŰŬ ŬɡŰɎ ŬɜŬŭŮɘəɜɨɞɡɜ Űɖɜ ůɖɛŬůɑŬ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ ɘɞɜŰɘəɐɠ ɘůɢɨɞɠ ɔɘŬ Űɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŬˊɞɛɎəɟɡɜůɖɠ PFAS ůŮ ůɡůŰɐɛŬŰŬ ɛŮɛɓɟŬɜɩɜ [78]. 
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5.3.4.6 ȺˊɑŭɟŬůɖ Űɞɡ pH  

ɇɞ pH Űɞɡ ɟŮɨɛŬŰɞɠ ŰɟɞűɞŭɞůɑŬɠ ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůŮɘ əŬɗɞɟɘůŰɘəɎ Űɖɜ Ŭˊɧŭɞůɖ ŬˊɞɛɎəɟɡɜůɖɠ 

Űɤɜ PFAS. ȼ ŮˊɑŭɟŬůɖ ŬɡŰɐ ɞűŮɑɚŮŰŬɘ ůŰɖɜ Űɟɞˊɞˊɞɑɖůɖ Űɧůɞ Űɞɡ űɞɟŰɑɞɡ Űɖɠ ɛŮɛɓɟɎɜɖɠ ɧůɞ 

əŬɘ Űɞɡ űɞɟŰɑɞɡ Űɤɜ PFAS. ɆɡɜŮˊɩɠ, ɞɘ ŬɚɚŬɔɏɠ ůŰɞ pH ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ PFAS 

əɡɟɑɤɠ ɛɏůɤ Űɖɠ ɛŮŰŬɓɞɚɐɠ Űɞɡ ŮˊɘűŬɜŮɘŬəɞɨ űɞɟŰɑɞɡ Űɖɠ ɛŮɛɓɟɎɜɖɠ, ɛŮ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ PFAS 

ɜŬ ́ŬɟŬɛɏɜɞɡɜ ůɢŮŰɘəɎ ŬɜŮˊɖɟɏŬůŰŮɠ. Ɉˊɧ ɞɡŭɏŰŮɟŮɠ ůɡɜɗɐəŮɠ pH, ŰŬ ɛɧɟɘŬ Űɤɜ PFAS 

ŮɛűŬɜɑɕɞɜŰŬɘ əɡɟɑɤɠ ɤɠ ŬɜɘɧɜŰŬ, Ůɜɩ ɖ ŮɝɤŰŮɟɘəɐ ŮˊɘűɎɜŮɘŬ Űɤɜ ɛŮɛɓɟŬɜɩɜ űɏɟŮɘ ůɡɜɐɗɤɠ 

ŬɟɜɖŰɘəɧ űɞɟŰɑɞ, ŮɚŬɢɘůŰɞˊɞɘɩɜŰŬɠ ɏŰůɘ Űɖɜ ˊɟɞůɟɧűɖůɖ Űɞɡɠ ůŮ ŬɡŰɐ .ɀŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ pH, 

ɖ ɖɚŮəŰɟɞůŰŬŰɘəɐ Ŭˊɩɗɖůɖ ɛŮŰŬɝɨ Űɖɠ ɛŮɛɓɟɎɜɖɠ əŬɘ Űɤɜ PFAS ŮɜɘůɢɨŮŰŬɘ, ɓŮɚŰɘɩɜɞɜŰŬɠ Űɞ 

ˊɞůɞůŰɧ Ŭˊɧɟɟɘɣɖɠ. ȺɘŭɘəɧŰŮɟŬ, ɞɘ Soriano et al. (2019) ŭɘŮɟŮɨɜɖůŬɜ Űɖɜ Ŭˊɧɟɟɘɣɖ Űɞɡ PFHxA 

ɛŮŰŬɝɨ ˊɏɜŰŮ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛɤɜ ˊɞɚɡŬɛɘŭɘəɩɜ ɛŮɛɓɟŬɜɩɜ (NF90, NF270, BW30, XLE, 

SW30XLE) ůŮ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ pH. ɆŮ ɞɡŭɏŰŮɟɞ pH (7,1), ɧɚŮɠ ɞɘ ɛŮɛɓɟɎɜŮɠ ˊɏŰɡɢŬɜ ɡɣɖɚɐ 

ŬˊɞŭɞŰɘəɧŰɖŰŬ Ŭˊɧɟɟɘɣɖɠ (>99%), ɛŮ ŮɝŬɑɟŮůɖ Űɖ ɛŮɛɓɟɎɜɖ NF270, ɖ ɞˊɞɑŬ ˊŬɟɞɡůɑŬůŮ 

ˊɞůɞůŰɧ 96,2%. ɆŮ ɧɝɘɜɞ pH (3,5), ɖ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɖɠ NF270 ɛŮɘɩɗɖəŮ ůŰɞ 86,9%, Ůɜɩ ɞɘ 

ɡˊɧɚɞɘˊŮɠ ɛŮɛɓɟɎɜŮɠ ŭɘŬŰɐɟɖůŬɜ ˊɞůɞůŰɎ Ŭˊɧɟɟɘɣɖɠ >95%. ȷɡŰɐ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ ŬˊɞŭɧɗɖəŮ 

ůŰɞɡɠ Ůɝɐɠ ɛɖɢŬɜɘůɛɞɨɠ: 

1. ȼɚŮəŰɟɞůŰŬŰɘəɐ ȷˊɩɗɖůɖ: ɇɞ PFHxA, Űɞ ɞˊɞɑɞ ɡűɑůŰŬŰŬɘ ɤɠ Ŭɜɘɧɜ əŬɘ ůŰŬ ŭɨɞ 

ŮˊɑˊŮŭŬ pH (pKa å ī0.136), ŬɚɚɖɚŮˊɘŭɟɎ ɛŮ Űɖɜ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜɖ ŮˊɘűɎɜŮɘŬ Űɤɜ 

ɛŮɛɓɟŬɜɩɜ ɛɏůɤ ɖɚŮəŰɟɞůŰŬŰɘəɐɠ Ŭˊɩɗɖůɖɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞ ɡɣɖɚɧ ˊɞůɞůŰɧ 

Ŭˊɧɟɟɘɣɖɠ. 

2. ȽůɞɖɚŮəŰɟɘəɧ ɆɖɛŮɑɞ: ɇɞ ɘůɞɖɚŮəŰɟɘəɧ ůɖɛŮɑɞ Űɖɠ ɛŮɛɓɟɎɜɖɠ NF270 ɓɟɑůəŮŰŬɘ əɞɜŰɎ 

ůŰɞ pH 3,5, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖ ɛŮɑɤůɖ Űɤɜ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬˊɤɗɐůŮɤɜ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ 

Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Ŭˊɧɟɟɘɣɖɠ ůŮ ɧɝɘɜŮɠ ůɡɜɗɐəŮɠ. 

3. ȹɘŬűɞɟɏɠ ůŰɞ MWCO: ɇɞ MWCO Űɖɠ NF270 ˊɟɞůŮɔɔɑɕŮɘ Űɞ ɛɞɟɘŬəɧ ɛɏɔŮɗɞɠ Űɞɡ 

PFHxA, ˊŮɟɘɞɟɑɕɞɜŰŬɠ Űɖ ůŰŮɟŮɞɢɖɛɘəɐ ˊŬɟŮɛˊɧŭɘůɖ. ȷɜŰɑɗŮŰŬ, ɞɘ ɡˊɧɚɞɘˊŮɠ ɛŮɛɓɟɎɜŮɠ, 

ɛŮ ɢŬɛɖɚɧŰŮɟɞ MWCO, ŮˊɘŰɡɔɢɎɜɞɡɜ Ŭˊɧɟɟɘɣɖ ɛɏůɤ ůɡɜŭɡŬůɛɞɨ ɛɖɢŬɜɘəɩɜ əŬɘ 

ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ɛɖɢŬɜɘůɛɩɜ. 

ɇŬ ˊŬɟŬˊɎɜɤ ŮɡɟɐɛŬŰŬ ɡˊɞɔɟŬɛɛɑɕɞɡɜ Űɖɜ əɟɑůɘɛɖ ŮˊɑŭɟŬůɖ Űɞɡ pH ůŰɖɜ Ŭˊɧŭɞůɖ 

ŬˊɞɛɎəɟɡɜůɖɠ PFAS, ŰɞɜɑɕɞɜŰŬɠ Űɖɜ ŬɜŬɔəŬɘɧŰɖŰŬ ˊɟɞůŮəŰɘəɐɠ ɟɨɗɛɘůɖɠ Űɤɜ ůɡɜɗɖəɩɜ 

ɚŮɘŰɞɡɟɔɑŬɠ [83]. 

 

5.3.4.7 ɆɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ 

Ƀɘ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ, ɧˊɤɠ ɖ ɗŮɟɛɞəɟŬůɑŬ, ɖ ŰŬɢɨŰɖŰŬ ŬɜɎŭŮɡůɖɠ əŬɘ ɖ ˊɑŮůɖ, ŮˊɖɟŮɎɕɞɡɜ 

ůɖɛŬɜŰɘəɎ Űɖɜ ɘəŬɜɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ PFAS, əɡɟɑɤɠ ŮɝŬɘŰɑŬɠ Űɖɠ ŮɛűɎɜɘůɖɠ Ůɜɧɠ űŬɘɜɞɛɏɜɞɡ 

ɔɜɤůŰɧ ɤɠ Concentration Polarization (CP). ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɖ ɛŮŰŬɓɞɚɐ Űɖɠ 

ůɡɔəɏɜŰɟɤůɖɠ ŭɘŬɚɡɛɏɜɤɜ ɞɡůɘɩɜ ůŰɖ ŭɘŮˊɘűɎɜŮɘŬ ɛŮɛɓɟɎɜɖɠ/ŭɘŬɚɨɛŬŰɞɠ əŬɘ ŮˊɘŭɟɎ ŬɟɜɖŰɘəɎ 

ůŰɖ ůɡɜɞɚɘəɐ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɖɠ ŭɘŮɟɔŬůɑŬɠ. ȺˊɘˊɟɞůɗɏŰɤɠ, ɞɘ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ɜŮɟɞɨ 

ɛˊɞɟɞɨɜ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ŭɘŬůŰɞɚɐ Űɤɜ ˊɧɟɤɜ Űɖɠ ɛŮɛɓɟɎɜɖɠ əŬɘ ŰŬɡŰɧɢɟɞɜɖ Ŭɨɝɖůɖ Űɖɠ 

ŭɘɎɢɡůɖɠ ŭɘŬɚɡɛɏɜɤɜ ɞɡůɘɩɜ, ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖ ŭɘɏɚŮɡůɖ Űɤɜ PFAS ɛɏůɤ Űɖɠ ɛŮɛɓɟɎɜɖɠ. 

ȷɜŰɑɗŮŰŬ, ɢŬɛɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ ɛŮɘɩɜɞɡɜ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ŭɘɎɢɡůɖɠ Űɤɜ PFAS, 
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ˊɟɞəŬɚɩɜŰŬɠ ůɡůůɩɟŮɡůɖ ŭɘŬɚɡɛɏɜɤɜ ɞɡůɘɩɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɛŮɛɓɟɎɜɖɠ, Ŭɨɝɖůɖ Űɖɠ CP 

əŬɘ ɛŮɑɤůɖ Űɞɡ ˊɞůɞůŰɞɨ ŬˊɞɛɎəɟɡɜůɖɠ. ȼ ŰŬɢɨŰɖŰŬ ŬɜɎŭŮɡůɖɠ Űɞɡ ɡɔɟɞɨ ́ ŬɑɕŮɘ Ůˊɑůɖɠ 

ůɖɛŬɜŰɘəɧ ɟɧɚɞ, əŬɗɩɠ ɖ Ŭɡɝɖɛɏɜɖ Űɨɟɓɖ ɛŮɘɩɜŮɘ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ CP. Ⱥˊɘˊɚɏɞɜ, 

ɖ Ŭɨɝɖůɖ Űɖɠ ŭɘŬɛŮɛɓɟŬɜɘəɐɠ ˊɑŮůɖɠ (Transmembrane Pressure) ŮɜɘůɢɨŮɘ Űɖ ŭɨɜŬɛɖ ŭɘŮɑůŭɡůɖɠ 

Űɞɡ ɜŮɟɞɨ ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ ɛŮɛɓɟɎɜɖɠ, ɔŮɔɞɜɧɠ ˊɞɡ ɓŮɚŰɘɩɜŮɘ Űɖɜ Ŭˊɧɟɟɘɣɖ PFAS, ɘŭɑɤɠ ɔɘŬ 

PFAS ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ, ɚɧɔɤ Űɖɠ ůɡůŰɞɚɐɠ Űɖɠ ŭɞɛɐɠ Űɖɠ əŬɘ Űɖɠ ɛŮɑɤůɖɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ 

ˊɧɟɤɜ Űɖɠ. ɋůŰɧůɞ, ůŮ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ, ŰŬ ɛɧɟɘŬ Űɤɜ PFAS ŮɜŭɏɢŮŰŬɘ ɜŬ ůɢɖɛŬŰɑůɞɡɜ 

ůɡůůɤɛŬŰɩɛŬŰŬ ˊɞɡ ŮɜŬˊɞŰɑɗŮɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ, űɟɎɕɞɜŰŬɠ Űɞɡɠ ˊɧɟɞɡɠ Űɖɠ. ȼ ɏɛűɟŬɝɖ 

Űɖɠ ɛŮɛɓɟɎɜɖɠ ɞŭɖɔŮɑ ůŮ ɛŮɑɤůɖ Űɖɠ ɟɞɐɠ Űɞɡ ŭɘɖɗɐɛŬŰɞɠ əŬɘ ɔŮɜɘəɧŰŮɟŬ Űɖ ɛŮɑɤůɖ Űɖɠ 

ŬˊɞŭɞŰɘəɧŰɖŰŬɠ Űɖɠ ŭɘŮɟɔŬůɑŬɠ [75]. 

 

 
ɆɢɐɛŬ 5. 7: ȷ́ Ůɘəɧɜɘůɖ ůɡůůɩɟŮɡůɖɠ ɛɞɟɑɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɛŮɛɓɟɎɜɖɠ (Ma Q, 2024) 

Ƀɘ Ma et al. (2024) ɛŮɚɏŰɖůŬɜ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ŭɘŬɛŮɛɓɟŬɜɘəɐɠ ˊɑŮůɖɠ ůŰɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ 

PFBA əŬɘ PFOA ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛɖ ɛŮɛɓɟɎɜɖ ŬɜŰɑůŰɟɞűɖɠ ɩůɛɤůɖɠ 

BW30-2540. ɆŮ Űɘɛɏɠ TMP Ɏɜɤ Űɤɜ 40 bar, ˊŬɟŬŰɖɟɐɗɖəŮ ɛɖ ɔɟŬɛɛɘəɐ Ŭɨɝɖůɖ Űɖɠ ɟɞɐɠ 

ŭɘɖɗɐɛŬŰɞɠ, ɚɧɔɤ Űɖɠ ůɡɛˊɑŮůɖɠ Űɖɠ ɛŮɛɓɟɎɜɖɠ, ɖ ɞˊɞɑŬ ˊɟɞəɎɚŮůŮ ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ 

ˊɧɟɤɜ Űɖɠ. ȷɡŰɐ ɖ ůɡɛˊɑŮůɖ ŮɜɑůɢɡůŮ Űɖɜ Ŭˊɧɟɟɘɣɖ PFAS əŬɘ ŬɨɝɖůŮ Űɖ ɟɞɐ Űɞɡ ɜŮɟɞɨ, 

ŬɟŬɘɩɜɞɜŰŬɠ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡɠ ůŰɞ ŭɘɐɗɖɛŬ. ɆŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞɜ ɛɖɢŬɜɘůɛɧ ŭɘɎɚɡůɖɠ-

ŭɘɎɢɡůɖɠ (solution-diffusion mechanism), ɧˊɞɡ ɖ ɟɞɐ Űɤɜ ŭɘŬɚɡɛɏɜɤɜ ɞɡůɘɩɜ ˊŬɟŬɛɏɜŮɘ 

ŬɜŮɝɎɟŰɖŰɖ Ŭˊɧ Űɖɜ ˊɑŮůɖ, ŮˊɘŰŮɨɢɗɖəŬɜ ɓŮɚŰɘɤɛɏɜŬ ˊɞůɞůŰɎ Ŭˊɧɟɟɘɣɖɠ. ɇɞ ɛɏɔŮɗɞɠ ˊɧɟɤɜ Űɖɠ 

ɛŮɛɓɟɎɜɖɠ əŬɘ Űɞ ɛɞɟɘŬəɧ ɓɎɟɞɠ Ŭˊɞəɞˊɐɠ (MWCO) ŭɘŬůűɎɚɘůŬɜ ůŰŬɗŮɟɐ Ŭˊɧŭɞůɖ ɡˊɧ 

ŬɡɝɖɛɏɜŮɠ ˊɘɏůŮɘɠ [78]. ɆɡɜɞɣɑɕɞɜŰŬɠ, ɞɘ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɡˊɞɔɟŬɛɛɑɕɞɡɜ Űɖɜ 

ˊŮɟɑˊɚɞəɖ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮŰŬɝɨ ˊɑŮůɖɠ, ɗŮɟɛɞəɟŬůɑŬɠ, CP əŬɘ Űɖɜ ŮˊɑŭɟŬůɐ Űɞɡɠ ůŰɖɜ 

Ŭˊɧŭɞůɖ ŬˊɞɛɎəɟɡɜůɖɠ PFAS, əŬɗɘůŰɩɜŰŬɠ ŬɜŬɔəŬɑŬ Űɖɜ ˊɟɞůŮəŰɘəɐ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ 

ůɡɜɗɖəɩɜ ɚŮɘŰɞɡɟɔɑŬɠ. 
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5.3.5 ɄŮɟɘɓŬɚɚɞɜŰɘəɧ ŬˊɞŰɨˊɤɛŬ əŬɘ ɓɘɤůɘɛɧŰɖŰŬ 

ɇɞ ˊŮɟɘɓŬɚɚɞɜŰɘəɧ ŬˊɞŰɨˊɤɛŬ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ŮˊŮɝŮɟɔŬůɑŬɠ ɛŮ ɛŮɛɓɟɎɜŮɠ ́ ŮɟɘɚŬɛɓɎɜŮɘ Űɧůɞ 

Űɖɜ əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ əŬɘ ˊɧɟɤɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ 

ɡɚɘəɩɜ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɜŮɟɞɨ, ɧůɞ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ŮɜɏɟɔŮɘŬ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ. 

ȺɜŭŮɘəŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŰŬ ŬˊɧɓɚɖŰŬ Ŭˊɧ Űɖɜ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ, ŰŬ 

ɢɟɖůɘɛɞˊɞɘɖɛɏɜŬ űɑɚŰɟŬ, Űɘɠ űɗŬɟɛɏɜŮɠ ɛŮɛɓɟɎɜŮɠ RO əŬɘ ŰŬ ŭɘŬɚɨɛŬŰŬ əŬɗŬɟɘůɛɞɨ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ůɡɜŰɐɟɖůɖ Űɤɜ ɛŮɛɓɟŬɜɩɜ ɧˊɤɠ Ůˊɑůɖɠ ɖ ɡɣɖɚɐ ŮɜŮɟɔŮɘŬəɐ 

əŬŰŬɜɎɚɤůɖ ɔɘŬ Űɖ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. Ⱥˊɘˊɚɏɞɜ, ɏɜŬ ůɖɛŬɜŰɘəɧ ɕɐŰɖɛŬ, ŮɔɔŮɜɏɠ ɛŮ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ ɟɨˊɤɜ ɛɏůɤ ŰŮɢɜɞɚɞɔɘɩɜ ɛŮɛɓɟŬɜɩɜ ŮɑɜŬɘ ɖ ŭɘɎɗŮůɖ Űɞɡ ůɡɛˊɡəɜɩɛŬŰɞɠ, Űɞ 

ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ PFAS əŬɘ ɔɘŬ Űɞ ɞˊɞɑɞ ŬˊŬɘŰŮɑŰŬɘ ˊɟɞůŮəŰɘəɐ ŭɘŬɢŮɑɟɘůɖ 

ɚɧɔɤ Űɤɜ ŭɡɜɖŰɘəɎ ůɞɓŬɟɩɜ ́ŮɟɘɓŬɚɚɞɜŰɘəɩɜ ŮˊɘˊŰɩůŮɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ. Ⱥˊɞɛɏɜɤɠ, 

ɖ ŬɜɎˊŰɡɝɖ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ ɛŮɗɧŭɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ˊŬɟŬɛɏŰɟɤɜ 

ɧˊɤɠ ɞ ˊŬɟŬɔɧɛŮɜɞɠ ɧɔəɞɠ Űɞɡ, ɖ ůɡɔəɏɜŰɟɤůɖ PFAS ůŮ ŬɡŰɧ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɜŮɟɞɨ 

ŰɟɞűɞŭɞůɑŬɠ, Űɘɠ ůɡɜɗɐəŮɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɗɩɠ əŬɘ Űɖɜ ŮɜŬɟɛɧɜɘůɖ ɛŮ Űɞ ɜɞɛɞɗŮŰɘəɧ ˊɚŬɑůɘɞ [79]. 

 

5.4 ȺɝŮɚɑɝŮɘɠ əŬɘ ɜɏŮɠ ŰŮɢɜɞɚɞɔɑŮɠ    

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢŮɘ ůɖɛŮɘɤɗŮɑ ůɖɛŬɜŰɘəɐ ˊɟɧɞŭɞɠ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɡɚɘəɩɜ, ŰŬ ɞˊɞɑŬ 

ɛˊɞɟɞɨɜ ɜŬ ɞŭɖɔɐůɞɡɜ Űɧůɞ ůŰɖ ɓŮɚŰɑɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ ŭɘŮɟɔŬůɘɩɜ ŭɘŬɢɤɟɘůɛɞɨ  PFAS 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůˊɑ Űɞɡ ˊŬɟɧɜŰɞɠ, ɧůɞ əŬɘ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ɓŬůɘəɩɜ 

ɛŮɘɞɜŮəŰɖɛɎŰɤɜ ˊɞɡ ŬɡŰɏɠ ŮɛűŬɜɑɕɞɡɜ. ɆŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ˊŮɟɘůůɧŰŮɟŮɠ ɚŮˊŰɞɛɏɟŮɘŮɠ ɔɘŬ ɛŮɟɘəɎ Ŭˊɧ ŬɡŰɎ ŰŬ ɡɚɘəɎ.  

5.4.1 ɄɟɤŰŮɥɜɘəɏɠ ɁŬɜɞȶɜŮɠ (PNFs) 

Ƀɘ ɄɟɤŰŮɥɜɘəɏɠ ɁŬɜɞȶɜŮɠ (Protein Nanofibrils, PNFs), ŮɑɜŬɘ ɛɞɟɘŬəɏɠ ŭɞɛɏɠ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ 

ɛɏůɤ Űɖɠ ŬɡŰɞůɡɜŬɟɛɞɚɧɔɖůɖɠ ́ŮˊŰɘŭɑɤɜ, ŰŬ ɞˊɞɑŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬˊɞŭɘɎŰŬɝɖ ˊɟɤŰŮɥɜɩɜ. 

ɇŬ PNFs ɏɢɞɡɜ ŬɜŬŭŮɘɢɗŮɑ ɤɠ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜɞɘ ˊŬɟɎɔɞɜŰŮɠ ůŰɞɜ ŰɞɛɏŬ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ɜŮɟɞɨ 

ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ ŬɜŰɞɢɐɠ, Űɖɠ ůəɚɖɟɧŰɖŰŬɠ əŬɘ Űɖɠ ŮɡəŬɛɣɑŬɠ Űɞɡɠ. ȼ ůɨůŰŬůɐ Űɞɡɠ ŭɨɜŬŰŬɘ ɜŬ 

ŰɟɞˊɞˊɞɘɖɗŮɑ ɛŮ ůəɞˊɧ Űɖ ɛŮŰŬɓɞɚɐ Űɤɜ űɡůɘəɞɢɖɛɘəɩɜ ɘŭɘɞŰɐŰɤɜ əŬɘ Űɤɜ ɛɖɢŬɜɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ. ɀˊɞɟɞɨɜ ɜŬ ůɡɜŰŮɗɞɨɜ Ŭˊɧ ŭɘɎűɞɟŬ ˊɟɤŰŮɥɜɘəɎ ˊɟɧŭɟɞɛŬ əŬɘ ɜŬ 

ŭɘŬɛɞɟűɤɗɞɨɜ ůŮ ɛŮɛɓɟɎɜŮɠ ŭɘɐɗɖůɖɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɘəŬɜɏɠ ɜŬ ˊɟɞůɟɞűɞɨɜ əŬɘ ɜŬ 

Ŭˊɞɛɞɜɩɜɞɡɜ Űɧůɞ ɞɟɔŬɜɘəɞɨɠ ɧůɞ əŬɘ ŬɜɧɟɔŬɜɞɡɠ ɟɨˊɞɡɠ. ɇŬ PNFs ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ́ ɚɐɟŮɘɠ ˊɟɤŰŮɥɜɘəɏɠ ɛŮɛɓɟɎɜŮɠ, aerogels ɐ hydrogels. ȺˊɘˊɟɞůɗɏŰɤɠ, ŮɑɜŬɘ 

ŬɟəŮŰɎ ŬɜɗŮəŰɘəɎ ůŰɖɜ Ůɜɕɡɛɘəɐ Ŭˊɞŭɧɛɖůɖ ůŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŬ ˊŬɟɧɛɞɘŬ ɡɚɘəɎ [88].  

ɇŬ ȷɛɡɚɞŮɘŭɐ ɁŬɜɞȶɜɑŭɘŬ (Amyloid Nanofibrils, ANFs), ɡˊɞəŬŰɖɔɞɟɑŬ Űɤɜ PNFs, ŬɟɢɘəɎ 

ŰŬɡŰɞˊɞɘɐɗɖəŬɜ ɤɠ ˊŬɗɞɚɞɔɘəɞɑ ŭŮɑəŰŮɠ ůŮ ŮəűɡɚɘůŰɘəɏɠ ŬůɗɏɜŮɘŮɠ. ɄɟɧůűŬŰŬ, ɤůŰɧůɞ, 

ŬɜŬɔɜɤɟɑůŰɖəŬɜ ɤɠ ɓɘɩůɘɛŬ ɓɘɞɦɚɘəɎ ɔɘŬ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ, ɛŮ ɛŮɟɘəɏɠ Ŭˊɧ ŬɡŰɏɠ ɜŬ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮˊɘůŰɐɛŮɠ əŬɘ Űɖɜ ŮˊɘůŰɐɛɖ Űɤɜ ɡɚɘəɩɜ. ɆŮ ŮɟɔŬůŰɖɟɘŬəɐ 

əɚɑɛŬəŬ, ɖ ˊŬɟŬɔɤɔɐ ANFs ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ Ŭˊɧ ˊɞɘəɑɚŮɠ ˊɟɤŰŮɥɜɘəɏɠ ˊɖɔɏɠ, ɧˊɤɠ 

ŬˊɧɓɚɖŰŬ Űɟɞűɑɛɤɜ əŬɘ ɡˊɞˊɟɞɥɧɜŰŬ Űɖɠ əŰɖɜɞŰɟɞűɘəɐɠ ɓɘɞɛɖɢŬɜɑŬɠ, Űɖɠ ɓɘɞɛɖɢŬɜɑŬɠ 

ɔŬɚŬəŰɞəɞɛɘəɩɜ əŬɘ ɔŮɤɟɔɑŬɠ. ɇŬ ANFs ŭɘŬɗɏŰɞɡɜ ɛɞɜŬŭɘəɎ ŭɞɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɧˊɤɠ 
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ɡɣɖɚɐ ŬɜŬɚɞɔɑŬ ŭɘŬůŰɎůŮɤɜ, ŬəŬɛɣɑŬ, əŬɘ ɢɖɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ, əŬɗɘůŰɩɜŰŬɠ ŰŬ ˊɞɚɨŰɘɛŬ 

ɚŮɘŰɞɡɟɔɘəɎ ɡɚɘəɎ ůŰɞɜ ŰɞɛɏŬ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ɜŮɟɞɨ [89]. ȰɟŮɡɜŮɠ ůɢŮŰɘəɎ ɛŮ Űɖ ɢɟɐůɖ 

ɛŮɛɓɟŬɜɩɜ ɓŬůɘůɛɏɜŮɠ ůŮ ANFs ɏɢɞɡɜ əŬŰŬŭŮɑɝŮɘ Űɖ ŭɡɜŬɛɘəɐ Űɞɡɠ ůŰɖɜ ŬˊɞɛɎəɟɡɜůɖ 

ɞɟɔŬɜɘəɩɜ ɟɨˊɤɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ Űɤɜ PFAS. Ƀɘ Jin et al. (2021) ŭɘŮɟŮɨɜɖůŬɜ Űɖɜ 

ɢɟɐůɖ ɛŮɛɓɟŬɜɩɜ ŬɛɡɚɞŮɘŭɩɜ ɜŬɜɞɘɜɩɜ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŬˊɞɛɎəɟɡɜůɖ 16 PFAS. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɏŭŮɘɝŬɜ ɧŰɘ ɖ Ŭˊɧŭɞůɖ ŬˊɞɛɎəɟɡɜůɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ůɡɜŭɡŬůɛɧ Űɤɜ ɘŭɘɞŰɐŰɤɜ 

Űɤɜ ŬɛɡɚɞŮɘŭɩɜ ɜŬɜɞɘɜɩɜ əŬɘ Űɤɜ ɛɞɟɘŬəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ PFAS. ɆɡɔəŮəɟɘɛɏɜŬ, ůŮ 

ŮűŬɟɛɞɔɐ ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɡɓɟɘŭɘəɏɠ ɛŮɛɓɟɎɜŮɠ ɜŬɜɞŭɘɐɗɖůɖɠ ANF-ɎɜɗɟŬəŬ 

ůɖɛŮɘɩɗɖəŬɜ ɡɣɖɚɎ ˊɞůɞůŰɎ ŬˊɞɛɎəɟɡɜůɖɠ. ȼ Ŭˊɧŭɞůɖ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ ɡɣɖɚɐ ɔɘŬ ŰŬ PFAS 

ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ, ɛŮ Űɖɜ ˊɚɐɟɖ ŬˊɞɛɎəɟɡɜůɖ Űɞɡɠ. ȳůɞɜ ŬűɞɟɎ ŰŬ PFAS ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ, ɞɘ 

ɡɓɟɘŭɘəɏɠ ɛŮɛɓɟɎɜŮɠ ˊɏŰɡɢŬɜ ɡɣɖɚɎ ˊɞůɞůŰɎ ŬˊɞɛɎəɟɡɜůɖɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Ɏɜɤ Űɞɡ 96% ɔɘŬ 

Űɞ PFBA, ɝŮˊŮɟɜɩɜŰŬɠ Űɖɜ Ŭˊɧŭɞůɖ Űɤɜ ɛɖ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ ɛŮɛɓɟŬɜɩɜ NF [90]. 

ȼ ŭɘŬˊŮɟŬŰɧŰɖŰŬ Űɖɠ ɡɓɟɘŭɘəɐɠ ɛŮɛɓɟɎɜɖɠ (~1739 LMH/bar) əŬɘ ɖ ɞɘəɞɜɞɛɘəɐ Űɖɠ 

ŬˊɞŭɞŰɘəɧŰɖŰŬ (0,042 $/mį, ɛŮ ŮɜŮɟɔŮɘŬəɐ ŬˊŬɑŰɖůɖ 0,2 kWh/mį) ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ. Ⱥˊɘˊɚɏɞɜ, ɞɘ ɛŮɛɓɟɎɜŮɠ ŬɡŰɏɠ ŮɑɜŬɘ ɓɘɞŬˊɞŭɞɛɐůɘɛŮɠ, əŬɗɘůŰɩɜŰŬɠ Űɖɜ ɢɟɐůɖ 

Űɞɡɠ ɤɠ ɛɘŬ ɓɘɩůɘɛɖ əŬɘ ɞɘəɞɜɞɛɘəɐ ɚɨůɖ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ PFAS. ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ɞɘ 

ɡɓɟɘŭɘəɏɠ ɛŮɛɓɟɎɜŮɠ ɜŬɜɞŭɘɐɗɖůɖɠ ɎɜɗɟŬəŬ- ANFs ́ ŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ 

ɏɜŬɜŰɘ Űɤɜ ɛɖ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ ɛŮɛɓɟŬɜɩɜ, ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɞ ŭɡɜŬɛɘəɧ Űɞɡɠ ɔɘŬ əɚɘɛŬəɞɨɛŮɜŮɠ, 

ɞɘəɞɜɞɛɘəɎ ŬˊɞŭɞŰɘəɏɠ əŬɘ űɘɚɘəɏɠ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŮűŬɟɛɞɔɏɠ Űɞɡɠ ůŰɞɜ ŰɞɛɏŬ ŮˊŮɝŮɟɔŬůɑŬɠ 

Űɞɡ ɜŮɟɞɨ [90]. 

 

ɆɢɐɛŬ 5. 8: ȹɘŬɔɟŬɛɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ ˊŬɟŬůəŮɡɐɠ ůɡɜɗŮŰɘəɩɜ ɡɚɘəɩɜ ANF (Zhang X, 2023) 
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5.4.2 ɀŮŰŬɚɚɞ-ɃɟɔŬɜɘəɎ ɄɚɏɔɛŬŰŬ (ɀɃFs)  

ɇŬ ɀŮŰŬɚɚɞ-ɃɟɔŬɜɘəɎ ɄɚɏɔɛŬŰŬ (MetalïOrganic Frameworks) ŬˊɞŰŮɚɞɨɜ ɛɑŬ əŬŰɖɔɞɟɑŬ 

ˊɞɟɩŭɤɜ əɟɡůŰŬɚɚɘəɩɜ ɡɚɘəɩɜ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɞɜ ůɡɜŭɡŬůɛɧ ɛŮŰŬɚɚɘəɩɜ ɘɧɜŰɤɜ əŬɘ 

ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ. ȺɘŭɘəɧŰŮɟŬ, ŬɡŰɎ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛɏůɤ ɢɖɛɘəɩɜ ŭŮůɛɩɜ ɘɧɜŰɤɜ 

ɛŮŰŬɓŬŰɘəɩɜ ɛŮŰɎɚɚɤɜ, ɔɜɤůŰɎ ɤɠ ŭŮɡŰŮɟŮɨɞɡůŮɠ ŭɞɛɘəɏɠ ɛɞɜɎŭŮɠ (SBUs) ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ 

əɧɛɓɞɘ (nodes), əŬɘ ɞɟɔŬɜɘəɩɜ ɛɞɟɑɤɜ, ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ůɡɜŭŮŰɘəɞɑ əɟɑəɞɘ (linkers). Ƀɘ 

ˊŬɟŬˊɎɜɤ ůɡɜŭɡŬůɛɞɑ ɏɢɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ˊŮɟɘɞŭɘəɩɜ ŭɞɛɩɜ ɛŮ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧˊɤɠ ɡɣɖɚɧ ˊɞɟɩŭŮɠ, ŭɞɛɘəɐ ˊɟɞůŬɟɛɞůŰɘəɧŰɖŰŬ əŬɘ ɚŮɘŰɞɡɟɔɘəɐ 

ˊɞɘəɘɚɞɛɞɟűɑŬ. ɇŬ MOFs ́ ŬɟɞɡůɘɎɕɞɡɜ ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɏɠ Űɘɛɏɠ Ůɘŭɘəɐɠ ŮˊɘűɎɜŮɘŬɠ, ɞɘ ɞˊɞɑŮɠ 

ůɡɢɜɎ əɡɛŬɑɜɞɜŰŬɘ Ŭˊɧ 500 ɏɤɠ 7000 mĮ/g, ɗŮɟɛɘəɐ əŬɘ ɛɖɢŬɜɘəɐ ůŰŬɗŮɟɧŰɖŰŬ, əŬɗɩɠ əŬɘ ɡɣɖɚɐ 

əɟɡůŰŬɚɚɘəɧŰɖŰŬ, əŬɗɘůŰɩɜŰŬɠ ŰŬ ŭɘŬəɟɘŰɎ Ŭˊɧ ˊŬɟŬŭɞůɘŬəɎ ˊɞɟɩŭɖ ɡɚɘəɎ, ɧˊɤɠ ɞ ŮɜŮɟɔɞɠ 

ɎɜɗɟŬəŬɠ əŬɘ ɞɘ ɕŮɧɚɘɗɞɘ. 

 

ɆɢɐɛŬ 5. 9: ȹɖɛɘɞɡɟɔɑŬ Űɖɠ ŭɞɛɐɠ Űɤɜ ɀŮŰŬɚɚɞ-ɃɟɔŬɜɘəɩɜ ɄɚŮɔɛɎŰɤɜ ɛɏůɤ ɢɖɛɘəɩɜ ŭŮůɛɩɜ ɘɧɜŰɤɜ ɛŮŰɎɚɚɤɜ, ˊɞɡ 

ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ əɧɛɓɞɘ (nodes), əŬɘ ɞɟɔŬɜɘəɩɜ ɛɞɟɑɤɜ, ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ůɡɜŭŮŰɘəɞɑ əɟɑəɞɘ (linkers). (Yusuf V, 2022) 

ȼ ŮɡŮɚɘɝɑŬ ůŰɖ ůɨɜɗŮůɖ Űɤɜ MOFs ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮɝŬŰɞɛɑəŮɡůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ ɩůŰŮ ɜŬ 

ŬɜŰŬˊɞəɟɑɜɞɜŰŬɘ əŬɚɨŰŮɟŬ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ŮűŬɟɛɞɔɏɠ. ȼ ŮɝŬɘɟŮŰɘəɐ ˊɞɘəɘɚɞɛɞɟűɑŬ Űɤɜ 

ɞɟɔŬɜɘəɩɜ əŬɘ ŬɜɧɟɔŬɜɤɜ ůɡůŰŬŰɘəɩɜ Űɞɡɠ ŰŬ əŬɗɘůŰɎ ˊɞɚɨŰɘɛŬ ɔɘŬ ɚɨůŮɘɠ əŬɗŬɟɐɠ ŮɜɏɟɔŮɘŬɠ, 

ɧˊɤɠ ɖ ŬˊɞɗɐəŮɡůɖ ŬŮɟɑɤɜ (ˊ.ɢ. ɡŭɟɞɔɧɜɞɡ əŬɘ ɛŮɗŬɜɑɞɡ), ɔɘŬ ŭɘŬŭɘəŬůɑŮɠ ŭɘŬɢɤɟɘůɛɞɨ ɛŮ 

ɛŮɛɓɟɎɜŮɠ, ɔɘŬ ŮűŬɟɛɞɔɐ ɤɠ əŬŰŬɚɡŰɏɠ. Ⱥˊɘˊɚɏɞɜ, ŰŬ MOFs ɏɢɞɡɜ ŬˊɞŭŮɘɢɗŮɑ ŮɝŬɘɟŮŰɘəɎ 

ɡˊɞůɢɧɛŮɜŬ ɡɚɘəɎ ɔɘŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮűŬɟɛɞɔɏɠ, ŮɘŭɘəɧŰŮɟŬ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɚɡɛɎŰɤɜ, ɚɧɔɤ 

Űɖɠ ɘəŬɜɧŰɖŰɎɠ Űɞɡɠ ɜŬ ˊɟɞůɟɞűɞɨɜ əŬɘ ɜŬ ŬˊɞɛŬəɟɨɜɞɡɜ ŮəɚŮəŰɘəɎ ɟɨˊɞɡɠ, ɧˊɤɠ ɞɘ ŮɜɩůŮɘɠ 

PFAS. ȼ ɡɣɖɚɐ ŮəɚŮəŰɘəɧŰɖŰŬ ˊɟɞůɟɧűɖůɖɠ əŬɘ ɖ ŰŬɢɨŰŬŰɖ əɘɜɖŰɘəɐ Űɞɡɠ ŰŬ əŬɗɘůŰɞɨɜ 

ɘŭŬɜɘəɞɨɠ ɡˊɞɣɐűɘɞɡɠ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ ɡŭŬŰɘəɐɠ ɟɨˊŬɜůɖɠ [100]. ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ 

ŬˊɞɛɎəɟɡɜůɖɠ PFAS, ɔɜɤůŰɎ MOFs ɧˊɤɠ ŰŬ MIL-101, ZIF-8, UiO-66 əŬɘ NU-1000 ɏɢɞɡɜ 

ɛŮɚŮŰɖɗŮɑ ŮəŰŮɜɩɠ. ȷɡŰɎ ŰŬ ɡɚɘəɎ ŭɘŬəɟɑɜɞɜŰŬɘ ɔɘŬ Űɖɜ ɡɣɖɚɐ ɘəŬɜɧŰɖŰŬ ˊɟɞůɟɧűɖůɖɠ ́ ɞɡ 

ŭɘŬɗɏŰɞɡɜ. Ⱥˊɘˊɚɏɞɜ, ɞɘ Liang et. al. (2024) ŬˊɏŭŮɘɝŬɜ ɏɜŬ ɜɏɞ MOF ɔɜɤůŰɧ ɤɠ PCN-999, Űɞ 

ɞˊɞɑɞ ˊŮɟɘɏɢŮɘ ůɡɛˊɚɏɔɛŬŰŬ ɕɘɟəɞɜɑɞɡ Zr6 əŬɘ (Zr6)2 ́ ŬɟɞɡůɘɎɕŮɘ ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɐ ɘəŬɜɧŰɖŰŬ 

ˊɟɞůɟɧűɖůɖɠ PFOA ɑůɖ ɛŮ 1089 mg/g [91],[92]. 
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ɆɢɐɛŬ 5. 10: ȾɟɡůŰŬɚɚɘəɐ ŭɞɛɐ Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜɤɜ MOFs ɔɘŬ ˊɟɞůɟɧűɖůɖ PFAS  (Liu M, 2023) 

ũŮɜɘəɎ, ŰŬ ŭɞɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ MOFs, ɧˊɤɠ ɞɘ ɞɟɔŬɜɘəɞɑ ůɨɜŭŮůɛɞɘ (ˊ.ɢ. əŬɟɓɞɝɡɚɘəɎ 

ɞɝɏŬ, ɞɟɔŬɜɘəɏɠ űɤůűɞɟɘəɏɠ ŮɜɩůŮɘɠ əŬɘ ůɞɡɚűɞɜɘəɎ ɞɝɏŬ) əŬɘ ɞɘ ŬɜɧɟɔŬɜŮɠ ŭŮɡŰŮɟŮɨɞɡůŮɠ 

ŭɞɛɘəɏɠ ɛɞɜɎŭŮɠ, ɛˊɞɟɞɨɜ ɜŬ ůɢŮŭɘŬůŰɞɨɜ ɛŮ ŬəɟɑɓŮɘŬ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɞɟɑɤɜ 

ˊɞɘəɑɚɤɜ ɔŮɤɛŮŰɟɘɩɜ əŬɘ ɚŮɘŰɞɡɟɔɘəɩɜ ɘŭɘɞŰɐŰɤɜ. ɄɟɧůűŬŰŮɠ ŮɝŮɚɑɝŮɘɠ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ 

ɚɡɛɎŰɤɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ ɢɟɐůɖ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ ɛŮɛɓɟŬɜɩɜ, ́ɞɡ ŮɜůɤɛŬŰɩɜɞɡɜ MOFs ɔɘŬ 

Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ŬɛɛɤɜɑŬɠ əŬɘ PFAS Ŭˊɧ ůŰɟŬɔɔɑůɛŬŰŬ ɢɤɛŬŰŮɟɩɜ. Ƀɘ Xie et.al. (2022) 

ŬɜɏˊŰɡɝŬɜ ɛɘŬ əŬɘɜɞŰɧɛŬ ɛŮɛɓɟɎɜɖ ŭɘˊɚɐɠ ůŰɟɩůɖɠ, ́ ɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɡŭɟɧűɘɚɖ ůŰɟɩůɖ 

ˊɞɚɡɓɘɜɡɚɘəɐɠ Ŭɚəɞɧɚɖɠ (PVA) ŮɛˊɞŰɘůɛɏɜɖ ɛŮ MOF ɓŬůɘůɛɏɜɞ ůŮ űɞɡɛŬɟɘəɧ Ŭɚɞɡɛɑɜɘɞ  

(AlFu), ɖ ɞˊɞɑŬ ŮűŬɟɛɧɕŮŰŬɘ ́ Ɏɜɤ ůŮ ɡŭɟɧűɞɓɖ ɛŮɛɓɟɎɜɖ PTFE. ȼ ůɡɔəŮəɟɘɛɏɜɖ 

ɡŭɟɧűɞɓɖ/ɡŭɟɧűɘɚɖ ŭɘŬɛɧɟűɤůɖ ɞŭɐɔɖůŮ ůŰɖɜ  Ŭɨɝɖůɖ Űɞɡ ˊɞůɞůŰɞɨ Ŭˊɧɟɟɘɣɖɠ PFAS Ŭˊɧ 

91,4% ůŮ 98,4% ɛŮ Űɖɜ ˊɟɞůɗɐəɖ MOFs ůŮ ŬɜŬɚɞɔɑŬ 5% əŬŰɎ ɓɎɟɞɠ. ɄŬɟɎ ŰŬ ɡˊɞůɢɧɛŮɜŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ, ɕɖŰɐɛŬŰŬ ɧˊɤɠ ɖ ɟɨˊŬɜůɖ əŬɘ ɖ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ ɛŮ MOFs 

ɛŮɛɓɟŬɜɩɜ ŬˊŬɘŰɞɨɜ ˊŮɟŬɘŰɏɟɤ Ŭɝɘɞɚɧɔɖůɖ. ȼ ŬɜɎˊŰɡɝɖ ɞɘəɞɜɞɛɘəɩɜ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ 

űɘɚɘəɩɜ ɛŮɗɧŭɤɜ ˊŬɟŬɔɤɔɐɠ MOFs əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ɡɘɞɗɏŰɖůɖ Űɞɡɠ ɤɠ ɛɘŬ ˊɟŬəŰɘəɐ 

ŮɜŬɚɚŬəŰɘəɐ. ȼ Ůɛˊɞɟɘəɐ ŮűŬɟɛɞɔɐ Űɤɜ MOFs ůŮ ŮɡɟŮɑŬ əɚɑɛŬəŬ ŮɑɜŬɘ əɟɑůɘɛɖ ɔɘŬ Űɖɜ 

Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ Űɞɡɠ ɤɠ ɓɘɩůɘɛŮɠ əŬɘ ŬˊɞŭɞŰɘəɏɠ ɚɨůŮɘɠ ůŰɞɜ ŰɞɛɏŬ ŮˊŮɝŮɟɔŬůɑŬɠ 

ɡŭɎŰɤɜ [92],[93]. 

5.4.3 MXenes 

ɇŬ MXenes ŬˊɞŰŮɚɞɨɜ ɛɘŬ ɞɘəɞɔɏɜŮɘŬ ɜɏɤɜ ˊɟɞɖɔɛɏɜɤɜ ŭɘůŭɘɎůŰŬŰɤɜ ɡɚɘəɩɜ, ŰŬ ɞˊɞɑŬ 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ Ŭˊɧ ɜɘŰɟɑŭɘŬ əŬɘ əŬɟɓɑŭɘŬ ɛŮŰŬɓŬŰɘəɩɜ ɛŮŰɎɚɚɤɜ ɛɏůɤ ŭɘŬűɧɟɤɜ ůɡɜɗŮŰɘəɩɜ 

ŭɘŮɟɔŬůɘɩɜ. ɉŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŮɝŬɘɟŮŰɘəɐ ɛɖɢŬɜɘəɐ ůŰŬɗŮɟɧŰɖŰŬ, ůŰŮɜɧ ŮɜŭɞůŰɟɤɛŬŰɘəɧ 

ŭɑəŰɡɞ əŬɘ ɎɟɘůŰŮɠ ɗŮɟɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ, əŬɗɘůŰɩɜŰŬɠ ŰŬ ɘŭŬɜɘəɎ ɔɘŬ ˊɚɐɗɞɠ ŮűŬɟɛɞɔɩɜ. Ⱥˊɘˊɚɏɞɜ, 

ɏɢɞɡɜ ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɐ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘŬ ɚɧɔɤ Űɖɠ ɘŭɘŬɑŰŮɟɖɠ ɜŬɜɞɛŮŰɟɘəɐɠ ɛɞɟűɞɚɞɔɑŬɠ Űɞɡɠ. 

ɄŬɟɞɡůɘɎɕɞɡɜ Ůˊɑůɖɠ ɖɚŮəŰɟɘəɎ Ŭɔɩɔɘɛɖ əŬɘ ɡŭɟɧűɘɚɖ ůɡɛˊŮɟɘűɞɟɎ, ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ɡɣɖɚɐɠ 

ˊɡəɜɧŰɖŰŬɠ ɖɚŮəŰɟɞɜɑɤɜ əŬɘ Űɖɠ ŬűɗɞɜɑŬɠ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɞɡɠ. ɇŬ 
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ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ŰŬ MXenes ɏɢɞɡɜ ŭɘŮɟŮɡɜɖɗŮɑ ŮɜŰŬŰɘəɎ ɔɘŬ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ, ɛŮŰŬɝɨ Űɤɜ 

ɞˊɞɑɤɜ əŬɘ ɖ ɢɟɐůɖ Űɞɡɠ ůŰɖɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ŬˊɞəŬŰɎůŰŬůɖ. ɆŰɞɜ ŰɞɛɏŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

ɡŭɎŰɤɜ, ɏɢɞɡɜ ŮˊɘŭŮɑɝŮɘ ŬɝɘɞůɖɛŮɑɤŰɖ ŮəɚŮəŰɘəɧŰɖŰŬ ˊɟɞůɟɧűɖůɖɠ əŬɘ ŬˊɞŭɞŰɘəɐ ɘəŬɜɧŰɖŰŬ 

ɛŮɑɤůɖɠ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ ŭɘŬűɧɟɤɜ ɟɨˊɤɜ ˊɞɡ ŬɜɘɢɜŮɨɞɜŰŬɘ ůŰɞ ɜŮɟɧ. Ⱥˊɘˊɚɏɞɜ, ɏɢɞɡɜ 

ŬɜŬŭŮɑɝŮɘ ŮɝŬɘɟŮŰɘəɏɠ əŬŰŬɚɡŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɏɜŬɜŰɘ ŭɘŬűɧɟɤɜ ɟɨˊɤɜ, ɢɎɟɖ ůŰɖɜ ˊŬɟɞɡůɑŬ 

ˊɞɘəɘɚɑŬɠ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ, ɧˊɤɠ -O əŬɘ -OH əŬɘ ůŰɖ ɛŮɔɎɚɖ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘɎ ˊɞɡ ŭɘŬɗɏŰɞɡɜ, 

ɖ ɞˊɞɑŬ ˊɟɞůűɏɟŮɘ ˊɚɖɗɩɟŬ ŮɜŮɟɔɩɜ ɗɏůŮɤɜ ɔɘŬ ŭɘŮɟɔŬůɑŮɠ ŬɜŰŬɚɚŬɔɐɠ ɘɧɜŰɤɜ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ 

ŰŬ MXenes ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɎűɗɞɜŬ əŬɘ ɛɖ ŰɞɝɘəɎ ůŰɞɘɢŮɑŬ, ɧˊɤɠ Űɞ ŰɘŰɎɜɘɞ (Ti), Űɞ ɎɕɤŰɞ (N) 

əŬɘ ɞ ɎɜɗɟŬəŬɠ (C), Ŭ́ ɞŭɞɛɞɨɜŰŬɘ ůŮ űɘɚɘəɎ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ ůŰɞɘɢŮɑŬ, ɧˊɤɠ ŭɘɞɝŮɑŭɘɞ Űɞɡ 

ɎɜɗɟŬəŬ (CO ) [94].  ȼ  ˊɟɞůɗɐəɖ MXenes ɏɢŮɘ ˊɟɞŰŬɗŮɑ ɔɘŬ Űɖ ɓŮɚŰɑɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ 

ɛŮɛɓɟŬɜɩɜ ɜŬɜɞŭɘɐɗɖůɖɠ. ɆŰɖ ɛŮɚɏŰɖ Űɞɡɠ, ɞɘ Jun Ma et. al. (2022) ŭɘŮɟŮɨɜɖůŬɜ Űɖ ɢɟɐůɖ 

ˊɞɚɡŬɛɘŭɘəɐɠ ɛŮɛɓɟɎɜɖɠ ɜŬɜɞŭɘɐɗɖůɖɠ Ůɜɘůɢɡɛɏɜɖɠ ɛŮ ɚŮˊŰɎ ůŰɟɩɛŬŰŬ MXene ɔɘŬ Űɖɜ 

ŬˊɞɛɎəɟɡɜůɖ PFAS ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ. ȼ ŮűŬɟɛɞɔɐ Űɞɡɠ ɓŮɚŰɑɤůŮ ůɖɛŬɜŰɘəɎ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ 

ɛŮɛɓɟɎɜɖɠ, ŬɡɝɎɜɞɜŰŬɠ ŰŬ ɡŭɟɧűɘɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɖɜ ŰɟŬɢɨŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, Ůɜɩ ɖ 

ŭɘŬˊŮɟŬŰɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ŬɡɝɐɗɖəŮ Ŭˊɧ 8,65 ůŮ 12,16 lmh/bar. Ⱥˊɘˊɚɏɞɜ Űɞ ˊɞůɞůŰɧ Ŭˊɧɟɟɘɣɖɠ 

Űɖɠ Űɟɞˊɞˊɞɘɖɛɏɜɖɠ ɛŮɛɓɟɎɜɖɠ ŬɜɐɚɗŮ ůŮ 96,85% əŬɘ 93,35% ɔɘŬ ŰŬ PFHxS əŬɘ PFHxA, 

ŬɜŰɑůŰɞɘɢŬ. ȼ ŮɜůɤɛɎŰɤůɖ MXene ůŰɖ ůŰɞɘɓɎŭŬ ˊɞɚɡŬɛɘŭɑɞɡ ɓŮɚŰɑɤůŮ Űɖ ɛɞɟűɞɚɞɔɑŬ Űɖɠ 

ɛŮɛɓɟɎɜɖɠ əŬɘ Űɞ űɞɟŰɑɞ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ŮɜɘůɢɨɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ Űɖɜ Ŭˊɧŭɞůɖ Ŭˊɧɟɟɘɣɖɠ 

PFAS. ɄŮɘɟŬɛŬŰɘəɎ əŬɘ ɡˊɞɚɞɔɘůŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ŮˊɘɓŮɓŬɘɩɜɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɤɜ MXenes 

ɜŬ ŬɡɝɎɜɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ Űɤɜ ɛŮɛɓɟŬɜɩɜ əŬɘ ɜŬ ɓŮɚŰɘɩɜɞɡɜ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ Ŭˊɧɟɟɘɣɖɠ 

əŬɘ ŭɘŬˊŮɟŬŰɧŰɖŰŬɠ, ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɖ ŭɡɜŬɛɘəɐ Űɞɡɠ ɧůɞɜ ŬűɞɟɎ ŮűŬɟɛɞɔɏɠ ůŰɞɜ ŰɞɛɏŬ 

ŮˊŮɝŮɟɔŬůɑŬɠ ɜŮɟɞɨ. [95]. 

 

 

ɆɢɐɛŬ 5. 11: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ŮɜůɤɛɎŰɤůɖɠ MXene ůŰɖɜ ŮˊɘűɎɜŮɘŬ ˊɞɚɡŬɛɘŭɑɞɡ ɛŮɛɓɟɎɜɖɠ NF (Tin L, 2023) 

 

Ⱥˊɘˊɚɏɞɜ, ɞɘ Le et. al. (2022) ŬɜɏűŮɟŬɜ ɛŮ Űɖɜ ůŮɘɟɎ Űɞɡɠ Űɖɜ əŬŰŬůəŮɡɐ ɛɘŬɠ əŬɘɜɞŰɧɛɞɡ 

ɛŮɛɓɟɎɜɖɠ ɜŬɜɞŭɘɐɗɖůɖɠ (NF) əɞɑɚɤɜ ɘɜɩɜ, ɔɜɤůŰɐ ɤɠ MXeneïTFN, ɛɏůɤ ŮɜůɤɛɎŰɤůɖɠ 
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ɜŬɜɞűɨɚɚɤɜ MXene (Ti3C2Tx) ůŰɖɜ ůŰɟɩůɖ ˊɞɚɡŬɛɘŭɑɞɡ (PA). ȼ ˊɟɞůɗɐəɖ MXene ɓŮɚŰɑɤůŮ 

Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ PFOS (Ŭˊɧ 72% ůŮ 96%), Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŬɨɝɖůŮ Űɖ ɟɞɐ ŬɜɎ ɛɞɜɎŭŬ 

ŮˊɘűɎɜŮɘŬɠ Űɖɠ ɛŮɛɓɟɎɜɖɠ Ŭˊɧ 13.19 ůŮ 29.26 lmh/bar. ȼ Ůɜɘůɢɡɛɏɜɖ Ŭˊɧŭɞůɖ ŬˊɞŭɑŭŮŰŬɘ ůŰɞ 

ŬɟɜɖŰɘəɧ űɞɟŰɑɞ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ MXene, Űɞ ɞˊɞɑɞ ˊɟɞɎɔŮɘ Űɞɜ ɛɖɢŬɜɘůɛɧ ɖɚŮəŰɟɞůŰŬŰɘəɐɠ 

Ŭˊɩɗɖůɖɠ. 

Ƀɘ ŮɟŮɡɜɖŰɏɠ ŭɘŬˊɑůŰɤůŬɜ ɖ ˊɟɞůɗɐəɖ MXene, ůŮ ˊɞůɞůŰɧ 0,025 wt%, ˊɟɞůűɏɟŮɘ Űɖ ɛɏɔɘůŰɖ 

ŬˊɞɛɎəɟɡɜůɖ Űɞɡ PFOS, ŭɘŬŰɖɟɩɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ Űɖɠ ɛŮɛɓɟɎɜɖɠ ɧůɞɜ 

ŬűɞɟɎ Űɖɜ Ŭˊɧɟɟɘɣɖ Ɏɚɚɤɜ ŬɚɎŰɤɜ.  Ƀɘ ŭɘŬűɞɟɏɠ ůŰɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ɛŮŰŬűɞɟɎɠ Ɏɚɚɤɜ ɘɧɜŰɤɜ 

əŬɘ Űɤɜ ɛɞɟɑɤɜ PFOS ůɡɜŭɏɗɖəŬɜ ɛŮ Űɖ ŭɞɛɐ əŬɘ Űɞ ŮɜŭɞůŰɟɤɛŬŰɘəɧ ŭɘɎůŰɖɛŬ Űɤɜ ɜŬɜɞűɨɚɚɤɜ 

MXene. ɇŬ ŮɡɟɐɛŬŰŬ ŬɡŰɎ ɡˊɞɔɟŬɛɛɑɕɞɡɜ Űɖɜ ˊɟɞɞˊŰɘəɐ Űɤɜ MXene ɤɠ ˊɟɧůɗŮŰŬ ɡɚɘəɎ ɔɘŬ Űɖ 

ɓŮɚŰɑɤůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ɛŮɛɓɟŬɜɩɜ, ˊɟɞůűɏɟɞɜŰŬɠ ɛɘŬ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŮɜŬɚɚŬəŰɘəɐ ɔɘŬ Űɖɜ 

ŬɜŰɘɛŮŰɩˊɘůɖ ŬɜŬŭɡɧɛŮɜɤɜ ɟɨˊɤɜ, ɧˊɤɠ ŰŬ PFAS [96]. 

 

 

ɆɢɐɛŬ 5. 12: AɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ Űɖɠ ɛŮɛɓɟɎɜɖɠ MXeneïTFN əŬɘ PFAS: (Ŭ) PFHxS əŬɘ ɛŮɛɓɟɎɜɖ PA, (ɓ) PFHxS 

əŬɘ MXene, (ɔ) PFHxA əŬɘ ɛŮɛɓɟɎɜɖ PA, əŬɘ (ŭ) PFHxA əŬɘ MXene. (Ma J, 2022) 

 

5.4.4 ɄɞɚɡɛŮɟɐ ȾɡəɚɞŭŮɝŰɟɑɜɤɜ (CDPs) 

Ƀɘ ȾɡəɚɞŭŮɝŰɟɑɜŮɠ (Cyclodextrins, CDs) ŮɑɜŬɘ əɡəɚɘəɞɑ ɞɚɘɔɞůŬəɢŬɟɑŰŮɠ, űɡůɘəɐɠ (ˊŬɟŬɔɧɛŮɜŮɠ 

Ŭˊɧ Ɏɛɡɚɞ) ɐ ůɡɜɗŮŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ, ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɏɝɘ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ɛɞɜɎŭŮɠ 

ɔɚɡəɞˊɡɟŬɜɧɕɖɠ ůɡɜŭŮŭŮɛɏɜŮɠ ɛɏůɤ ŭŮůɛɩɜ Ŭ-1,4. ȼ ɛɞɜŬŭɘəɐ ŰɟɘůŭɘɎůŰŬŰɖ, əɤɜɘəɞɨ ůɢɐɛŬŰɞɠ 

ŭɞɛɐ Űɞɡɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɡŭɟɧűɞɓɖ ŮůɤŰŮɟɘəɐ əɞɘɚɧŰɖŰŬ əŬɘ ɡŭɟɧűɘɚɖ ŮɝɤŰŮɟɘəɐ 

ŮˊɘűɎɜŮɘŬ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮɜůɤɛɎŰɤůɖ ŭɘŬűɞɟŮŰɘəɩɜ ɛɞɟɑɤɜ ůŮ ŬɡŰɎ. ɀŮŰŬɝɨ Űɤɜ 

əɡəɚɞŭŮɝŰɟɘɜɩɜ, ɞɘ ɓ-ȾɡəɚɞŭŮɝŰɟɑɜŮɠ (ɓ-CDs) ŭɘŬəɟɑɜɞɜŰŬɘ ɔɘŬ Űɖ ɢŬɛɖɚɐ Űɞɡɠ Űɘɛɐ (ˊŮɟɑˊɞɡ 1 

USD/kg ůŮ ɛŮɔɎɚɖ əɚɑɛŬəŬ ˊŬɟŬɔɤɔɐɠ), Űɖ ɓɘɩůɘɛɖ ˊŬɟŬɔɤɔɐ Űɞɡɠ əŬɘ Űɘɠ ˊɞɚɚŬˊɚɏɠ 

ŰɟɞˊɞˊɞɘɐůŮɘɠ ˊɞɡ Ůɜɘůɢɨɞɡɜ Űɖɜ ŮəɚŮəŰɘəɧŰɖŰɎ Űɞɡɠ ˊɟɞɠ ɞɟɘůɛɏɜŮɠ ŮɜɩůŮɘɠ (PFAS). 
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ȼ ɡɣɖɚɐ ˊɟɞůŬɟɛɞůŰɘəɧŰɖŰŬ Űɤɜ ɓ-CDs Űɞɡɠ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɝŮˊŮɟɜɞɨɜ ůŮ Ŭˊɧŭɞůɖ ŰŬ 

ˊŬɟŬŭɞůɘŬəɎ ́ ɟɞůɟɞűɖŰɘəɎ ɡɚɘəɎ, ɧˊɤɠ ɞ ŮɜŮɟɔɧɠ ɎɜɗɟŬəŬɠ (Activated Carbon, AC) əŬɘ ɞɘ 

ɟɖŰɑɜŮɠ ŬɜŰŬɚɚŬɔɐɠ ɘɧɜŰɤɜ (Ion Exchange Resins, IERs), ůŮ ŭɘɎűɞɟɞɡɠ ŰɞɛŮɑɠ. Ƀɘ ɓ-

əɡəɚɞŭŮɝŰɟɑɜŮɠ ɛˊɞɟɞɨɜ ɜŬ Űɟɞˊɞˊɞɘɖɗɞɨɜ ɩůŰŮ ɜŬ ůŰɞɢŮɨɞɡɜ ŮˊɘɚŮəŰɘəɎ ůɡɔəŮəɟɘɛɏɜŮɠ 

ŮɜɩůŮɘɠ PFAS, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ŮəŮɑɜɤɜ ɛŮ ŭɘŬűɞɟŮŰɘəɎ ɐ ŬɜŰɑɗŮŰŬ űɞɟŰɑŬ ůŮ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɧ pH, əŬɗɘůŰɩɜŰŬɠ Űɘɠ ɘŭɘŬɑŰŮɟŬ ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ ŬˊɏɜŬɜŰɘ ůŮ Ůɡɟɨ űɎůɛŬ ŭɨůəɞɚŬ 

ŬˊɞɛŬəɟɡɜɧɛŮɜɤɜ ŮɜɩůŮɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŮ ɛŮɚɏŰɖ Űɞɡ M.J. Klemes, ɏɜŬ ɛŮɑɔɛŬ ŮɜɜɏŬ PFAS  

ɓɟŬɢŮɑŬɠ əŬɘ ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ GenX (Ŭɟɢɘəɐ ůɡɔəɏɜŰɟɤůɖ: 1ɛg/L), 

ŮˊŮɝŮɟɔɎůŰɖəŮ ɛŮ Ŭɛɘɜɞˊɞɘɖɛɏɜɞ ́ɞɚɡɛŮɟɏɠ TFN-CDP (10 mg/L), ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ŬˊɞɛɎəɟɡɜůɖ 

Ɏɜɤ Űɞɡ 98% ůŮ 30 ɚŮˊŰɎ, ŮəŰɧɠ Űɤɜ GenX əŬɘ PFBA, ɧˊɞɡ Űɞ ˊɞůɞůŰɧ ŬˊɞɛɎəɟɡɜůɖɠ ɏűŰŬůŮ 

Űɞ 80%. ȼ Ŭˊɧŭɞůɖ ŬɡŰɐ ŭɘˊɚŬůɑŬůŮ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ GenX ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɜ ŮɜŮɟɔɧ 

ɎɜɗɟŬəŬ. Ⱥˊɘˊɚɏɞɜ, ɛɘŬ ɜɏŬ əŬŰɘɞɜɘəɐ ɓ-CD ́ɏŰɡɢŮ ůɢŮŭɧɜ 100% ŬˊɞɛɎəɟɡɜůɖ ůŮ ɛŮɑɔɛŬ ɞəŰɩ 

PFAAs (Ŭɟɢɘəɐ ůɡɔəɏɜŰɟɤůɖɠ 1 ɛg/L ɔɘŬ Űɞ əŬɗɏɜŬ) ɛŮ ŮɝŬɘɟŮŰɘəɎ ɢŬɛɖɚɐ ŭɧůɖ 1 mg/L, 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ >99% ŬˊɞɛɎəɟɡɜůɖ ɔɘŬ PFBA əŬɘ PFOA, ɝŮˊŮɟɜɩɜŰŬɠ ůɖɛŬɜŰɘəɎ ɛɘŬ ɟɖŰɑɜɖ IX 

(Purofine PFA694E), ɖ ɞˊɞɑŬ ŬˊɏŰɡɢŮ ɜŬ ŬˊɞɛŬəɟɨɜŮɘ ˊɎɜɤ Ŭˊɧ 46% əŬɘ 54% ɔɘŬ PFBA əŬɘ 

PFOA, ŬɜŰɑůŰɞɘɢŬ, ůŮ ɧɛɞɘŮɠ ůɡɜɗɐəŮɠ [88],[97]. 

 

 

ɆɢɐɛŬ 5. 13: ɀɞɜɞˊɎŰɘ ůɨɜɗŮůɖɠ ɓ-əɡəɚɞŭŮɝŰɟɑɜɤɜ (Kumar N, 2024) 

ɇŬ ˊɞɚɡɛŮɟɐ əɡəɚɞŭŮɝŰɟɑɜɖɠ (Cyclodextrin Polymers, CDPs) ŭɘŬəɟɑɜɞɜŰŬɘ Ůˊɑůɖɠ ɔɘŬ Űɖɜ 

ŮɝŬɘɟŮŰɘəɐ ŭɡɜŬŰɧŰɖŰŬ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖɠ Űɞɡɠ, ŮɛűŬɜɑɕɞɜŰŬɠ ŮɚɎɢɘůŰɖ ɛŮɑɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ 

ůŮ ˊɞɚɚŬˊɚɞɨɠ əɨəɚɞɡɠ ˊɟɞůɟɧűɖůɖɠ/Ůəɟɧűɖůɖɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ PFOA 

Ŭˊɧ DFB-CDP ɛŮɘɩɗɖəŮ ɛɧɜɞ əŬŰɎ 5% ɛŮŰɎ Ŭˊɧ ŰɏůůŮɟɘɠ əɨəɚɞɡɠ, ŬˊɞŭŮɘəɜɨɞɜŰŬɠ Űɖɜ 

ŮɝŬɘɟŮŰɘəɐ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɐ Űɞɡɠ ɛŮ ŬɜŬɔɏɜɜɖůɖ ɛɏůɤ ŭɘŬɚɡŰɩɜ. ȼ Ůəɟɧűɖůɖ Ɏɚɚɤɜ 
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ɛɘəɟɞɟɨˊɤɜ Ŭˊɧ ˊɞɚɡɛŮɟɐ ɓ-CD ɛŮ Űɖ ɢɟɐůɖ ŭɘŬɚɡŰɩɜ ́ ɏŰɡɢŮ ŬˊɞŭɧůŮɘɠ ŬɜɎəŰɖůɖɠ ˊɞɡ 

əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 75% əŬɘ 90% [97]. 

 ɆɡɜɞɚɘəɎ, ŰŬ ˊɞɚɡɛŮɟɐ əɡəɚɞŭŮɝŰɟɑɜɖɠ ɡˊŮɟɏɢɞɡɜ Űɤɜ ACs əŬɘ Űɤɜ ɟɖŰɘɜɩɜ ɧůɞɜ ŬűɞɟɎ Űɖɜ 

ŰŬɢɨŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ, Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ, Űɖɜ ŬɜŰɞɢɐ ůŰɖ ɟɨˊŬɜůɖ Ŭˊɧ űɡůɘəɐ ɞɟɔŬɜɘəɐ ɨɚɖ 

əŬɘ Űɖɜ ŮəɚŮəŰɘəɧŰɖŰŬ ŬˊɞɛɎəɟɡɜůɖɠ ůɡɔəŮəɟɘɛɏɜɤɜ ŮɜɩůŮɤɜ. ȼ ɞɘəɞɜɞɛɘəɐ Űɞɡɠ ɓɘɤůɘɛɧŰɖŰŬ 

ŮɑɜŬɘ Ůˊɑůɖɠ ŮɜɗŬɟɟɡɜŰɘəɐ, ɛŮ Űɞ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ ˊɞɟɤŭɩɜ CDPs ɜŬ ŮəŰɘɛɎŰŬɘ ɛŮŰŬɝɨ 5 əŬɘ 

25 USD/kg, ůɡɔəɟɑůɘɛɞ ɛŮ Űɞ əɧůŰɞɠ Űɤɜ Ůɛˊɞɟɘəɩɜ ACs (9ï22 USD/kg). ɄŬɟ' ɧɚŬ ŬɡŰɎ, 

ŬˊŬɘŰŮɑŰŬɘ ˊŮɟŬɘŰɏɟɤ ɏɟŮɡɜŬ ɔɘŬ Űɖɜ əŬɚɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɖɠ ˊɟɞůɟɞűɖŰɘəɐɠ Űɞɡɠ 

ůɡɛˊŮɟɘűɞɟɎɠ ɧůɞɜ ŬűɞɟɎ ŭɘŬűɞɟŮŰɘəɏɠ ŮɜɩůŮɘɠ PFAS əŬɘ Ɏɚɚɞɡɠ ɛɘəɟɞɟɨˊɞɡɠ, ɩůŰŮ ɜŬ 

ŭɘŮɡəɞɚɡɜɗŮɑ ɖ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŮ ˊɚɐɟɖ əɚɑɛŬəŬ [88]. 
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ȾŮűɎɚŬɘɞ 6 - ȷɜɎɚɡůɖ əɧůŰɞɡɠ ŮˊŮɝŮɟɔŬůɑŬɠ 

6.1 ũŮɜɘəɎ 

ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ɖ ŮűŬɟɛɞɔɐ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ŬˊɞɛɎəɟɡɜůɖɠ PFAS Ŭˊɧ Űɞ ɜŮɟɧ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɡɣɖɚɏɠ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ ɐ/əŬɘ Ŭɡɝɖɛɏɜɞ əɧůŰɞɠ. ɄŬɟɧɚɞ ˊɞɡ ɞɘ 

ŰŮɢɜɞɚɞɔɑŮɠ ŬɡŰɏɠ ŮɝŮɚɑůůɞɜŰŬɘ ɛŮ ŰŬɢŮɑɠ ɟɡɗɛɞɨɠ, ɚɑɔŮɠ ŮɑɜŬɘ ŬɟəŮŰɎ ɩɟɘɛŮɠ ɩůŰŮ ɜŬ 

ŮűŬɟɛɞůŰɞɨɜ ůŮ ˊɚɐɟɖ əɚɑɛŬəŬ. Ƀɘ ˊɚɏɞɜ ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ ɛɏɗɞŭɞɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ 

ˊɟɞůɟɧűɖůɖ ɛɏůɤ ŮɜŮɟɔɞɨ ɎɜɗɟŬəŬ əŬɘ ɟɖŰɘɜɩɜ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ, əŬɗɩɠ əŬɘ Űɞɜ ŭɘŬɢɤɟɘůɛɧ 

ɛɏůɤ űɑɚŰɟŬɜůɖɠ ɛŮ ɛŮɛɓɟɎɜŮɠ. ɇɞ əɧůŰɞɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŮɝŬɟŰɎŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɞɡɠ 

ůŰɧɢɞɡɠ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Ůəɟɞɐɠ, ɞɘ ɞˊɞɑŮɠ ɓŬůɑɕɞɜŰŬɘ ůŰɘɠ əŬɜɞɜɘůŰɘəɏɠ ɞŭɖɔɑŮɠ 

Űɤɜ ɟɡɗɛɘůŰɘəɩɜ Ŭɟɢɩɜ. Ⱥˊɘˊɚɏɞɜ, ɞ ɧɔəɞɠ Űɞɡ ˊɟɞɠ ŮˊŮɝŮɟɔŬůɑŬ ɜŮɟɞɨ ŮˊɖɟŮɎɕŮɘ Űɞ ůɡɜɞɚɘəɧ 

əɧůŰɞɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ŮˊŮɝŮɟɔŬůɑŬ ɛŮɔɎɚɞɡ ɧɔəɞɡ ɟɡˊŬůɛɏɜɞɡ ɜŮɟɞɨ ɛˊɞɟŮɑ ɜŬ əŬŰŬůŰŮɑ 

űɗɖɜɧŰŮɟɖ ŬɜɎ ɛɞɜɎŭŬ ɧɔəɞɡ ůŮ ůɨɔəɟɘůɖ ɛŮ ɛɘəɟɧŰŮɟɞɡɠ ɧɔəɞɡɠ, əŬɗɩɠ ŰŬ ˊɎɔɘŬ əɧůŰɖ 

ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɎ. ɆɨɛűɤɜŬ ɛŮ ɛŮɚɏŰɖ Ŭˊɧ Űɞɡɠ  Suman Das əŬɘ Avner Ronen (2022), ɞɘ 

əɨɟɘɞɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŭɘŬɛɞɟűɩɜɞɡɜ Űɞ əɧůŰɞɠ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ 

ŰŮɢɜɞɚɞɔɘɩɜ ŮɑɜŬɘ: 

1) ɇɞ Ůɑŭɞɠ Űɤɜ PFAS ́ɟɞɠ ŬˊɞɛɎəɟɡɜůɖ, 

2) ȼ ůɡɔəɏɜŰɟɤůɖ Űɤɜ PFAS ůŰŬ ŮɘůŮɟɢɧɛŮɜŬ ɨŭŬŰŬ, ɖ ɞˊɞɑŬ ŮˊɖɟŮɎɕŮɘ Űɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ 

Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ 

3) ɄŬɟɞɡůɑŬ ůɡɜ-ɟɡˊŬɜŰɩɜ ůŰɞ ůɨůŰɖɛŬ, ɞɘ ɞˊɞɑɞɘ ŮɜŭɏɢŮŰŬɘ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɖɜ Ŭˊɧŭɞůɖ 

Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ. 

4) Ƀ ɢɟɧɜɞɠ ŮˊŬűɐɠ ɛŮŰŬɝɨ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ əŬɘ ɟɨˊɞɡ, 

5) Ƀ əɨəɚɞɠ ɕɤɐɠ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ ɐ Űɖɠ ɛŮɛɓɟɎɜɖɠ 

6) ȼ ŭɡɜŬŰɧŰɖŰŬ ŬɜŬɔɏɜɜɖůɖɠ əŬɘ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖɠ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɡɚɘəɞɨ ɐ Űɖɠ 

ɛŮɛɓɟɎɜɖɠ 

7) ȼ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɢɟɖůɘɛɞˊɞɘɖɛɏɜɤɜ ˊɟɞůɟɞűɖŰɘəɩɜ ɛɏůɤɜ, əŬɗɩɠ ɖ Ŭˊɧɟɟɘɣɖ Űɤɜ 

ŬˊɞɓɚɐŰɤɜ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ ˊŬɟɎɔɞɜŰŬ əɧůŰɞɡɠ. 

8) Ƀɘ ŬɜɎɔəŮɠ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ɛŮŰŮˊŮɝŮɟɔŬůɑŬɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖ ůɨůŰŬůɖ Űɞɡ ɜŮɟɞɨ  

9) Ƀɘ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ əŬɘ ŭɘŬɢŮɑɟɘůɖ Űɞɡ ůɡɛˊɡəɜɩɛŬŰɞɠ ɔɘŬ Űɘɠ ŰŮɢɜɞɚɞɔɑŮɠ 

ɛŮɛɓɟŬɜɩɜ. 

ɆŮ ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɧůɞɜ ŬűɞɟɎ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ PFAS ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ 

ɛŮɛɓɟŬɜɩɜ ɏɢɞɡɜ ɛŮɔŬɚɨŰŮɟɞ əɧůŰɞɠ ůɡɔəɟɘŰɘəɎ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ ˊɟɞůɟɧűɖůɖɠ [84]. ɆŰɞɜ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŰŬ əɧůŰɖ ŭɘɎűɞɟɤɜ ŭɘŮɟɔŬůɘɩɜ ŮˊŮɝŮɟɔŬůɑŬɠ: 

ɄɑɜŬəŬɠ 6. 1: ɆɡɜɞˊŰɘəɐ ˊŮɟɘɔɟŬűɐ əɧůŰɞɡɠ ŬɜɎ ɛɞɜɎŭŬ ŮˊŮɝŮɟɔŬůɛɏɜɞɡ ɜŮɟɞɨ ŰŮɢɜɞɚɞɔɘɩɜ ŬˊɞɛɎəɟɡɜůɖɠ PFAS (Das 

S, Ronen A, 2022)  
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ȼ ŬɜɎɚɡůɖ əɧůŰɞɡɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɞɡɠ Murray et. al. (2021) ŬˊɞŰɨˊɤůŮ Űɞɜ Űɟɧˊɞ 

ɛŮ Űɞɜ ɞˊɞɑɞ ɞ Űɨˊɞɠ Űɞɡ ˊɟɞůɟɞűɖŰɘəɞɨ ɛɏůɞɡ, Űɞ əɧůŰɞɠ ŬɜɎ ɛɞɜɎŭŬ ɡɚɘəɞɨ əŬɘ o ŮˊɘɗɡɛɖŰɧɠ 

ɓŬɗɛɧɠ ŮˊŮɝŮɟɔŬůɑŬɠ ŮˊɖɟŮɎɕɞɡɜ Űɞ ŰŮɚɘəɧ əɧůŰɞɠ ɔɘŬ ŰŬ ůɡůŰɐɛŬŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ GAC 

əŬɘ IX. ɆŰɖ ɛŮɚɏŰɖ Ůɚɐűɗɖ ɤɠ ŭŮŭɞɛɏɜɞ ɢɟɧɜɞɠ ŮˊŬűɐɠ əŮɜɐɠ əɚɑɜɖɠ (EBCT) 9 ɚŮˊŰɩɜ ɔɘŬ Űɞ 

GAC əŬɘ 3 ɚŮˊŰɩɜ ɔɘŬ Űɞ IX, ɛŮ ɓɎůɖ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰɎ Űɞɡɠ ůŰɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɧůɞ Űɤɜ 

PFAS ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ ɧůɞ əŬɘ Űɤɜ PFAS ɛŬəɟɎɠ ŬɚɡůɑŭŬɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ, ɡˊɞɗɏŰɞɜŰŬɠ 

ŮɔəŬŰɎůŰŬůɖ ŮˊŮɝŮɟɔŬůɑŬɠ ɛŮ ŭɡɜŬɛɘəɧŰɖŰŬ 1 MGD, ɏŭŮɘɝŬɜ ɧŰɘ ɖ ɟɖŰɑɜɖ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ 

ŬˊŬɘŰŮɑ 16 űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɔɘŬ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ Űɖɠ ɛŮ ɜɏŬ ůɡɔəɟɘŰɘəɎ ɛŮ 

Űɞɜ ŮɜŮɟɔɧ ɎɜɗɟŬəŬ əŬɘ ɧŰɘ ɖ ŮűŬɟɛɞɔɐ Űɖɠ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ 20% ˊɘɞ ɞɘəɞɜɞɛɘəɐ ɚɧɔɤ Űɖɠ 

ɡɣɖɚɧŰŮɟɖɠ ɘəŬɜɧŰɖŰŬɠ ˊɟɞůɟɧűɖůɖɠ ˊɞɡ ŭɘŬɗɏŰŮɘ, Ůɜɩ Ůˊɘˊɚɏɞɜ, ŮɛűŬɜɑɕŮɘ ɢŬɛɖɚɧŰŮɟŬ əɧůŰɖ 

ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɧůɞ Űɤɜ PFAS ɛŬəɟɎɠ ɧůɞ əŬɘ Űɤɜ PFAS ɛɘəɟɐɠ ŬɚɡůɑŭŬɠ. ɋůŰɧůɞ, ɧůɞɜ 

ŬűɞɟɎ ůɡɔəŮəɟɘɛɏɜŬ ŰŬ PFAS ɓɟŬɢŮɑŬɠ ŬɚɡůɑŭŬɠ, ɧˊɤɠ Űɞ PFHxA, ŰŬ ɢŬɛɖɚɧŰŮɟŬ ˊɞůɞůŰɎ 

ˊɟɞůɟɧűɖůɖɠ Űɞɡɠ ŬˊŬɘŰɞɨɜ ˊɘɞ ůɡɢɜɏɠ ŬɚɚŬɔɏɠ Űɞɡ ˊɚɖɟɤŰɘəɞɨ ɡɚɘəɞɨ ɞŭɖɔɩɜŰŬɠ ůŮ 

ɡɣɖɚɧŰŮɟŮɠ ŭŬˊɎɜŮɠ. ȷˊɧ Űɖɜ Ɏɚɚɖ ɛŮɟɘɎ, ɞ ŮɜŮɟɔɧɠ ɎɜɗɟŬəŬɠ ŬˊŬɘŰŮɑ ˊɘɞ ůɡɢɜɏɠ ŬɚɚŬɔɏɠ 

(ˊŮɟɑˊɞɡ əɎɗŮ ŭɨɞ ɛɐɜŮɠ), ɔŮɔɞɜɧɠ ˊɞɡ ɞŭɖɔŮɑ ůŮ ůɖɛŬɜŰɘəɐ Ŭɨɝɖůɖ Űɞɡɠ əɧůŰɞɡɠ. ɋůŰɧůɞ, ɗŬ 

ɛˊɞɟɞɨůŮ ɜŬ ŮˊɏɚɗŮɘ ɘůɞůəŮɚɘůɛɧɠ Űɞɡ əɧůŰɞɡɠ Űɤɜ ˊŬɟŬˊɎɜɤ ŮűŬɟɛɞɔɩɜ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ: 

¶ ȼ Ŭˊɧŭɞůɖ Űɞɡ GAC ɓŮɚŰɘɤɗŮɑ ŰɞɡɚɎɢɘůŰɞɜ əŬŰɎ 25% 

¶ ɇɞ əɧůŰɞɠ Űɞɡ ɗŬ ɛŮɘɤɗŮɑ əɎŰɤ Ŭˊɧ $2,75/kg. 

¶ ŪŬ ŮˊɏɚɗŮɘ ɛŮɑɤůɖ ůŰɖɜ Ŭˊɧŭɞůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɘɞɜŰɞŬɜŰŬɚɚŬɔɐɠ, ŬɡɝɎɜɞɜŰŬɠ 

ŰŬɡŰɧɢɟɞɜŬ Űɞ əɧůŰɞɠ Űɖɠ ɟɖŰɑɜɖɠ ůŮ ˊɎɜɤ Ŭˊɧ $20,35/kg. 


































