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ȺɈɉȷɅȽɆɇȽȺɆ 
 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ȸɘɞŰŮɢɜɞɚɞɔɑŬɠ 

Űɖɠ ůɢɞɚɐɠ ɉɖɛɘəɩɜ ɀɖɢŬɜɘəɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞ. ŪŬ ɐɗŮɚŬ ɜŬ 

ŮəűɟɎůɤ Űɘɠ ɗŮɟɛɏɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ůŮ ɧɚɞɡɠ ŮəŮɑɜɞɡɠ ˊɞɡ ůɡɜɏɓŬɚɚŬɜ ɞɡůɘŬůŰɘəɎ, 

ɎɛŮůŬ ɐ ɏɛɛŮůŬ, ůŰɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ.  

ȷɟɢɘəɎ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ Ůˊɑəɞɡɟɞ əŬɗɖɔɖŰɐ Űɞɡ Ⱥ.ɀ.Ʉ əɨɟɘɞ 

ȺɡɎɔɔŮɚɞ ɇɧˊŬəŬ, ŮˊɘɓɚɏˊɞɜŰŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ, ɔɘŬ Űɖɜ ŮɡəŬɘɟɑŬ ˊɞɡ 

ɛɞɡ ɏŭɤůŮ ɜŬ Ŭůɢɞɚɖɗɩ ɛŮ ɏɜŬ Űɧůɞ ŮɜŭɘŬűɏɟɞɜ ɗɏɛŬ. ȼ əŬɗɞŭɐɔɖůɐ Űɞɡ əŬɗô ɧɚɖ 

Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛɖ əŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ ˊɟɞɠ 

ɛɑɛɖůɖ ɔɘŬ ɞˊɞɘɞɜŭɐˊɞŰŮ ɡˊŮɨɗɡɜɞ ŬəŬŭɖɛŬɥəɧ. ȼ ˊŬɟɞɘɛɘɩŭɖɠ ŮɛˊɘůŰɞůɨɜɖ Űɖɜ 

ɞˊɞɑŬ ŮˊɏŭŮɘɝŮ ˊɟɞɠ Űɞ ˊɟɧůɤˊɧ ɛɞɡ ŬˊɞŰɏɚŮůŮ ɔɘŬ ɛɏɜŬ ˊɖɔɐ ɏɛˊɜŮɡůɖɠ əŬɘ 

ŮɜŰŬŰɘəɞˊɞɑɖůɖɠ Űɤɜ ˊɟɞůˊŬɗŮɘɩɜ ɛɞɡ.  

Ⱥˊɑůɖɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ɡˊɞɣɐűɘɞ ŭɘŭɎəŰɞɟŬ Űɞɡ Ⱥ.ɀ.Ʉ 

ȺɡůŰɟɎŰɘɞ ɁɘəɞɚɎɘɓɘŰɠ. ȼ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ ɛŬɠ əŬɗɩɠ əŬɘ ɖ ůɡɜŮɢɐɠ ɡˊɞůŰɐɟɘɝɐ 

Űɞɡ ɐŰŬɜ əŬŰŬɚɡŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. ɇɞɜ 

ŮɡɢŬɟɘůŰɩ ɔɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ ɔɜɩůŮɤɜ ˊɞɡ ɛɞɡ ɛŮŰɏŭɤůŮ əŬɘ Űɞ Ůɘɚɘəɟɘɜɏɠ ŮɜŭɘŬűɏɟɞɜ 

Űɞɡ ɔɘŬ Űɖɜ ˊɟɧɞŭɞ əŬɘ Űɖ ɓŮɚŰɑɤůɐ ɛɞɡ ˊɎɜɤ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ɗɏɛŬ. Ƀɘ ɚɏɝŮɘɠ ŮɑɜŬɘ 

űŰɤɢɏɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮəűɟɎůɞɡɜ Űɘɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ˊɟɞɠ Űɞ ˊɟɧůɤˊɧ Űɞɡ, ɛɘŬɠ əŬɘ 

ɐŰŬɜ ˊɎɜŰŬ ŭɘŬɗɏůɘɛɞɠ ɜŬ ɛɞɡ ˊɟɞůűɏɟŮɘ Űɘɠ ɔɜɩůŮɘɠ, Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ Űɞɡ ŮɛˊŮɘɟɑŬ 

əŬɘ Űɖɜ ɓɞɐɗŮɘɎ Űɞɡ.  

ɆŰɖ ůɡɜɏɢŮɘŬ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɧɚɖ Űɖɜ ɞɛɎŭŬ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ 

ɓɘɞŰŮɢɜɞɚɞɔɑŬɠ. ɇɞ ɡˊɏɟɞɢɞ əɚɑɛŬ ůɡɜŮɟɔŬůɑŬɠ ˊɞɡ ŭɖɛɘɞɨɟɔɖůŬɜ Űɧůɞ ůŮ űɘɚɘəɧ ɧůɞ 

əŬɘ ůŮ ŮˊɘůŰɖɛɞɜɘəɧ ŮˊɑˊŮŭɞ ůɡɜŰɏɚŮůŮ ůŰɖɜ ɞɛŬɚɐ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ 

ɛɞɡ ŮɟɔŬůɑŬɠ.  

ɇɏɚɞɠ  ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ əŬɘ Űɞ əɞɜŰɘɜɧ űɘɚɘəɧ ɛɞɡ 

ˊŮɟɘɓɎɚɚɞɜ ɔɘŬ Űɖɜ ůɡɛˊŬɟɎůŰŬůɐ Űɞɡɠ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ ůŰɞ 

Ⱥ.ɀ.Ʉ. 
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ɄȺɅȽȿȼɊȼ 

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ɐŰŬɜ ɖ ɛŮɚɏŰɖ Űɞɡ ŭɡɜŬɛɘəɞɨ ɗŬɚɎůůɘŬ 

ˊɟɞŮɟɢɧɛŮɜɤɜ ɛɡəɐŰɤɜ ɔɘŬ Ŭˊɞɘəɞŭɧɛɖůɖ Űɞɡ 2,4,5-ŰɟɘɢɚɤɟɞŭɘűŬɘɜɨɚɘɞɡ (PCB 29) 

əŬɘ Űɖɠ 2,4-ŭɘɢɚɤɟɞűŬɘɜɧɚɖɠ (2,4-dCP). ɆŰɖ ůɡɜɏɢŮɘŬ, ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ 

ŭɘŬɚŮɨəŬɜůɖɠ Űɞɡ ɛɖɢŬɜɘůɛɞɨ ɛŮ Űɞɜ ɞˊɞɑɞ ɞɘ ɛɨəɖŰŮɠ ŬɡŰɞɑ ɓɘɞɛŮŰŬŰɟɏˊɞɡɜ Űɞɡɠ 

ɟɨˊɞɡɠ ɛŮ ɓɎůɖ Űɞɡɠ ɛŮŰŬɓɞɚɑŰŮɠ ˊɞɡ ˊŬɟɎɔɞɡɜ əŬɗɩɠ əŬɘ ɛŮ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ 

Ůɜɕɡɛɘəɩɜ ŮɜŮɟɔɞŰɐŰɤɜ ˊɞɡ ŮəűɟɎɕɞɡɜ. ɇɏɚɞɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɞɛɧɜɤůɖ Ůɜɧɠ 

Ůɜɕɨɛɞɡ ˊɞɡ ŮɛˊɚɏəŮŰŬɘ ůŰɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɖɠ 2,4-dCP. 

ȷɟɢɘəɎ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŭɘŬɚɞɔɐ ɔɘŬ Űɖɜ ŬɜɎŭŮɘɝɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɤɠ ˊɟɞɠ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɞɡ PCB 29 əŬɘ 

Űɖɠ 2,4-dCP ůŮ ŬɜŰɘŭɟɎůŮɘɠ çəɡŰŰɎɟɤɜ ůŮ ɖɟŮɛɑŬè Ŭɟɢɘəɐɠ ůɡɔəɏɜŰɟɤůɖɠ ɟɨˊɞɡ 0,97 

ɛM əŬɘ 1 mM ŬɜŰɑůŰɞɘɢŬ. ɆŮ 11 Ŭˊɧ ŰŬ 44 ůŰŮɚɏɢɖ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ˊŬɟŬŰɖɟɐɗɖəŮ 

ɛŮɑɤůɖ Űɖɠ Ŭɟɢɘəɐɠ ůɡɔəɏɜŰɟɤůɖɠ Űɞɡ PCB 29 ɛŮɔŬɚɨŰŮɟɖ Űɞɡ 90%, Ůɜɩ 5 ůŰŮɚɏɢɖ 

əŬŰɎűŮɟŬɜ ɛŮɑɤůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɖɠ 2,4-dCP ɛŮɔŬɚɨŰŮɟɖ Űɞɡ 50% ɨůŰŮɟŬ Ŭˊɧ 

10 ɖɛɏɟŮɠ. 

ȷəɞɚɞɨɗɖůŬɜ ɛŮɚɏŰŮɠ ɛŮ Űɞɡɠ ŬˊɞŭɞŰɘəɧŰŮɟɞɡɠ ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ ɔɘŬ Űɖɜ 

ŭɘŬɚŮɨəŬɜůɖ Űɞɡ ɛɖɢŬɜɘůɛɞɨ ɛŮ Űɞɜ ɞˊɞɑɞ ŬɡŰɞɑ ɓɘɞɛŮŰŬŰɟɏˊɞɡɜ Űɖɜ 2,4-dCP ɛŮ ɓɎůɖ 

Űɞɡɠ ɛŮŰŬɓɞɚɑŰŮɠ ˊɞɡ ˊŬɟɎɔɞɡɜ. ɇŬ ŭɘɎűɞɟŬ ɛŮŰŬɓɞɚɘəɎ ˊɟɞɥɧɜŰŬ ˊɞɡ ŬɜɘɢɜŮɨŰɖəŬɜ 

Ŭˊɧ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɖɠ 2,4-dCP ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ ŮɜɩůŮɘɠ: ɡŭɟɞɝɡ-ɡŭɟɞəɘɜɧɚɖ, 

3,5-ŭɘɢɚɤɟɞəŬŰŮɢɧɚɖ, ɢɚɤɟɞűŬɘɜɧɚɖ, ŰŮŰɟŬɦŭɟɞɝɡɓŮɜɕɧɚɘɞ əŬɘ ɛŬɚŮɥɜɘəɧ ɞɝɨ. ȳɚŬ 

ŰŬ ˊɟɞɥɧɜŰŬ ŮɑɜŬɘ ˊɘɞ ɡŭɟɧűɘɚŬ ɐ/əŬɘ ɚɘɔɧŰŮɟɞ ŰɞɝɘəɎ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ɏɜɤůɖ Ůɜɩ Űɞ 

ɛŬɚŮɥɜɘəɧ ɞɝɨ ŬˊɞŰŮɚŮɑ Űɞ ɛɧɜɞ ˊɟɞɥɧɜ ŬɜɞɘɢŰɞɨ ŭŬəŰɡɚɑɞɡ əŬɘ Űɞ ɞˊɞɑɞ ŬɜɘɢɜŮɨŰɖəŮ 

ɛɧɜɞ ůŰɞ ůŰɏɚŮɢɞɠ MLm-197-S3. 

ɆŰɖ ůɡɜɏɢŮɘŬ ɏɔɘɜŬɜ ŭɞəɘɛɏɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ůɡɔəŮəɟɘɛɏɜɤɜ ŮɝɤəɡŰŰŬɟɘəɩɜ 

Ůɜɕɡɛɘəɩɜ ŮɜŮɟɔɞŰɐŰɤɜ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟŮɑ ɜŬ ŮɛˊɚɏəɞɜŰŬɘ ůŰɖɜ ɓɘɞɛŮŰŬŰɟɞˊɐ. Ƀɘ 

ŮɜŮɟɔɧŰɖŰŮɠ ́ ɞɡ ŮɝŮŰɎůŰɖəŬɜ ɐŰŬɜ ɞɘ 1,2 əŬɘ 2,3-ŭɘɞɝɡɔŮɜɎůŮɠ Űɖɠ əŬŰŮɢɧɚɖɠ (1,2-CD 

əŬɘ 2,3-CD) əŬɘ ɞɘ ŬűŬɚɞɔɞɜɎůŮɠ. ɆŰŬ ůŰŮɚɏɢɖ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ŭŮɜ ɛˊɧɟŮůŮ ɜŬ 

ɛŮŰɟɖɗŮɑ ŮɜŮɟɔɧŰɖŰŬ ŬűŬɚɞɔɞɜŬůɩɜ Ůɜɩ ˊɟɞůŭɘɞɟɑůŰɖəŮ ˊɞɚɨ ɢŬɛɖɚɐ ŮɜŮɟɔɧŰɖŰŬ 2-

3-CD (<0,4 Units/mg ˊɟɤŰŮȶɜɖɠ). ȷɜŰɑɗŮŰŬ, ɖ ŮɜŮɟɔɧŰɖŰŬ ůŮ 1,2-CD ɐŰŬɜ ˊɘɞ ɡɣɖɚɐ, 

ɛŮ Űɞ ůŰɏɚŮɢɞɠ MLm-197-S3 ɜŬ ŮˊɘŭŮɘəɜɨŮɘ Űɖɜ ɡɣɖɚɧŰŮɟɖ ŭɟŬůŰɘəɧŰɖŰŬ (41,7 

Units/mg ˊɟɤŰŮȶɜɖɠ ůŰɘɠ 63 ɩɟŮɠ). 



iv 
 

ɋɠ Ůə ŰɞɨŰɞɡ, Űɞ ůŰɏɚŮɢɞɠ MLm-197-S3 ŮˊɘɚɏɢɗɖəŮ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ůŮ 

ɛŮɔɎɚɖ əɚɑɛŬəŬ əŬɘ Ŭˊɞɛɧɜɤůɖ Űɖɠ ŮɝɤəɡŰŰŬɟɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ Űɖɠ 1,2-CD. Ƀ 

əŬɗŬɟɘůɛɧɠ Űɞɡ Ůɜɕɨɛɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ɏɜŬ ůŰɎŭɘɞ ɛŮ ůŰɐɚɖ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ 

ɘɞɜŰɞŮɜŬɚɚŬɔɐɠ (Q-Sepharose) ůŮ pH 6,0. ȼ ɏəɚɞɡůɖ Űɖɠ ˊɟɤŰŮȶɜɖɠ Ŭˊɧ Űɖɜ ůŰɐɚɖ 

ɏɔɘɜŮ ɛŮ ŭɘɎɚɡɛŬ 1 ɀ ɢɚɤɟɘɞɨɢɞɡ ɜŬŰɟɑɞɡ ɛŮ ˊɞůɞůŰɘŬɑŬ ŬɜɎəŰɖůɖ Ůɜɕɡɛɘəɐɠ 

ŮɜŮɟɔɧŰɖŰŬɠ ɑůɖ ɛŮ 70,7% Űɖɠ Ŭɟɢɘəɐɠ. ɇɏɚɞɠ, ɖ ɖɚŮəŰɟɞűɧɟɖůɖ Űɖɠ ˊɟɤŰŮȶɜɖɠ ůŮ SDS-

PAGE ɏŭŮɘɝŮ ɧŰɘ ɖ ˊɟɤŰŮȶɜɖ ɐŰŬɜ əŬɗŬɟɐ əŬɘ Űɞ ɛɞɟɘŬəɧ Űɖɠ ɓɎɟɞɠ ˊŮɟɑˊɞɡ 73 kDa.   
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ABSTRACT 

The purpose of this diploma thesis was the study of the potential of marine-

derived fungi for the biodegradation of 2,4,5-Trichlorobiphenyl (PCB 29) and 2,4-

Dichlorophenol (2,4-dCP). In addition, experiments were carried out in order to 

elucidate the degradation pathway of these pollutants based on the produced  

metabolites and the expression of enzyme activities. Finally,  an enzyme, which 

participates in the degradation of 2,4-dCP, was purified.. 

The screening of the fungal strains for the degradation of PCB 29 and 2,4-dCP 

with initial concentrations of 0,97 ɛM and 1 mM, respectively, was performed with 

resting cells reactions. 11 of 44 strains showed more than 90% decrease of the initial 

concentration of PCB 29, whereas 5 strains managed to transform more than 50% of 

the initial 2,4-dCP concentration, after 10 days of incubation. 

For the strains that showed the best potential in the biodegradation of 2,4-dCP, 

analysis for the identification of metabolites where carried out. The products that were 

identified include hydroxyquinol, 3,5-dichlorocatechol, chlorophenol, 

tetrahydroxybenzene and maleylacetate. All products were more hydrophilic or/and 

less toxic that the starting compound. Strain MLm-197-S3 was the only one found to 

open the ring of hydroxyquinol and transform it to maleylacetate.  

In addition, enzyme assays where performed for extracellular enzymes that 

might participate in the degradation pathway of 2,4-dCP. The enzyme activities that 

were tested included catechol dioxygenase enzymes (1,2-CD and 2,3-CD) and 

dehalogenases. The strains tested did not show any dehalogenase activity while 2,3-CD 

activity was very low (<0,4 Units/mg of protein). On the contrary, high of 1,2-CD 

activity was measured, with strain MLm-197-S3 showing the highest (41,7 Units/mg 

of protein at 63 hours of incubation). 

Thus, strain MLm-197-S3 was selected for the production on a larger scale and 

the purification of extracellular 1,2-CD enzyme.  A single-step purification protocol 

was used which included a  Q-Sepharose column equilibrated with buffer pH 6.0. The 

protein was eluted from the column with 1 M sodium chloride solution  with an enzyme 

activity recovery equal to 70.7% of the initial. The SDS-PAGE analysis revealed that 

the enzyme was pure and its molecular weight was approximately 73 kDa. 
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ȾŮűɎɚŬɘɞ 1 ɉɚɤɟɘɤɛɏɜŮɠ űŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ əŬɘ ɏɛɛɞɜɞɘ ɞɟɔŬɜɘəɞɑ ɟɨˊɞɘ  

 

ɆŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ ɡˊɎɟɢɞɡɜ ɐŭɖ ˊɎɜɤ Ŭˊɧ 100.000 ɢɖɛɘəɎ ˊɟɞɥɧɜŰŬ ůŰɖɜ 

ŬɔɞɟɎ (Muir & Howard, 2006) ŰŬ ɞˊɞɑŬ əŬɘ ŬˊɞŰŮɚɞɨɜ ŬɜŬˊɧůˊŬůŰɞ əɞɛɛɎŰɘ Űɖɠ 

ůɨɔɢɟɞɜɖɠ ɕɤɐɠ Űɞɡ Ŭɜɗɟɩˊɞɡ. ȼ ŮˊŬɜɎůŰŬůɖ Űɤɜ ɢɖɛɘəɩɜ ˊɟɞɥɧɜŰɤɜ ůɡɜɏɓŬɚŮ ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ ůŰɖɜ Ŭɜɗɟɩˊɘɜɖ ŮɡɖɛŮɟɑŬ. Ƀɘ ɢɖɛɘəɏɠ ɞɡůɑŮɠ ɏɢɞɡɜ ŬɡɝɐůŮɘ Űɘɠ 

ɔŮɤɟɔɘəɏɠ ŬˊɞŭɧůŮɘɠ ɛɏůɤ Űɖɠ ˊɟɞůŰŬůɑŬɠ Űɤɜ əŬɚɚɘŮɟɔŮɘɩɜ Ŭˊɧ ˊŬɟɎůɘŰŬ əŬɘ 

ɏɜŰɞɛŬ, əŬɘ ɏɢɞɡɜ əŬŰŬůŰɐůŮɘ ŭɡɜŬŰɐ Űɖ ŭɖɛɘɞɡɟɔɑŬ  ɛɘŬɠ ŬŰŮɚŮɑɤŰɖɠ ůŮɘɟɎɠ ɢɟɐůɘɛɤɜ 

ˊɟɞɠ Űɞɜ Ɏɜɗɟɤˊɞ ˊɟɞɥɧɜŰɤɜ. 

ɄŬɟɧɚŬ ŬɡŰɎ, ŰŬ ŰŮɚŮɡŰŬɑŬ 50 ɢɟɧɜɘŬ ɞɘ Ɏɜɗɟɤˊɞɘ  ɕɞɡɜ ɤɠ ŬɜɡˊɞɣɑŬůŰɞɘ 

ˊŬɟŬŰɖɟɖŰɏɠ ŬɚɚɎ əŬɘ ůɡɛɛŮŰɏɢɞɜŰŮɠ ůŮ ɏɜŬ ŰŮɟɎůŰɘɞ, ŬɜŮɝɏɚŮɔəŰɞ əŬɘ ˊŬɔəɧůɛɘɞ 

ɢɖɛɘəɧ ˊŮɑɟŬɛŬ ˊɞɡ ŮɛˊɚɏəŮɘ Űɞɡɠ ɤəŮŬɜɞɨɠ, Űɞɜ ŬɏɟŬ, ŰŬ ŮŭɎűɖ, ŰŬ űɡŰɎ, ŰŬ ɕɩŬ əŬɘ 

ŰŬ ŬɜɗɟɩˊɘɜŬ ɧɜŰŬ. ɆɐɛŮɟŬ, ˊɞɚɚɏɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ůɢŮŭɧɜ 

ˊŬɜŰɞɨ ůŰɖ űɨůɖ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ɘůŰɩɜ əɎɗŮ Ŭɜɗɟɩˊɘɜɞɡ ɧɜŰɞɠ ůŰɖ ũɖ. 

Ʉɞɚɚɏɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɞɡůɑŮɠ ŮɑɜŬɘ ŬəɑɜŭɡɜŮɠ, ɐ ŰɞɡɚɎɢɘůŰɞɜ ɗŮɤɟɞɨɜŰŬɘ ɛɏɢɟɘ ŰɩɟŬ. 

ȯɚɚŮɠ ɤůŰɧůɞ, ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ůɞɓŬɟɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ůŰɞɜ 

Ɏɜɗɟɤˊɞ, ŮˊɘˊŰɩůŮɘɠ ˊɞɡ ŭŮɜ ŮɑɢŬɜ ˊɞŰɏ ˊɟɞɓɚŮűɗŮɑ ɐ ŮˊɘŭɘɤɢɗŮɑ (UNEP, 2010). 

ȷɧ́ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 1960, ɛŮŰɎ Űɖ ŭɖɛɞůɑŮɡůɖ Űɞɡ ɓɘɓɚɑɞɡ óSilent Springô Űɖɠ 

Rachel Carson1, ŬɡɝŬɜɧɛŮɜŮɠ ŮˊɘůŰɖɛɞɜɘəɏɠ ɏɟŮɡɜŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ Űɞɡɠ əɘɜŭɨɜɞɡɠ ˊɞɡ 

Ŭˊɞɟɟɏɞɡɜ Ŭˊɧ ɞɟɘůɛɏɜŮɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ (OôSullivan & Megson, 2013). ɇɞ 

ɄŮɟɘɓŬɚɚɞɜŰɘəɧ ɄɟɧɔɟŬɛɛŬ Űɤɜ ȼɜɤɛɏɜɤɜ Ⱥɗɜɩɜ (UNEP, United Nations 

Environmental Programme) ŬɜŬɔɜɩɟɘůŮ ɞɟɘůɛɏɜŮɠ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ ɤɠ 

ɞɡůɑŮɠ ˊɞɡ ˊɟɞəŬɚɞɨɜ ˊɞɚɨ ɛŮɔɎɚɖ ŬɜɖůɡɢɑŬ (SVHC, substance of very high concern) 

əŬɘ Űɘɠ ɢŬɟŬəŰɖɟɑɕŮɘ ɤɠ ŬɜɗŮəŰɘəɏɠ, ɓɘɞůɡůůɤɟŮɨůɘɛŮɠ əŬɘ Űɞɝɘəɏɠ (PBT, persistent, 

bioaccumulative, and toxic). Ƀɘ ɢɖɛɘəɏɠ ɞɡůɑŮɠ ˊɞɡ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ɤɠ Pȸɇ ŭŮɜ 

ŭɘŬůˊɩɜŰŬɘ ŮɨəɞɚŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ, ůɡůůɤɟŮɨɞɜŰŬɘ ůŰɞɡɠ ɘůŰɞɨɠ ɞɟɔŬɜɘůɛɩɜ əŬɘ 

ŮɑɜŬɘ Űɞɝɘəɏɠ. ɇɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ ŬɡŰɩɜ Űɤɜ ɟɨˊɤɜ ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ɞɟɔŬɜɘəɏɠ 

ŬɚɞɔɞɜɞɨɢŮɠ ŮɜɩůŮɘɠ ɧˊɤɠ ɞɘ ɢɚɤɟɞűŬɘɜɧɚŮɠ. Ƀɘ ɏɛɛɞɜɞɘ ɞɟɔŬɜɘəɞɑ ɟɨˊɞɘ (POPs, 

                                                           
1 ɇɞ Silent Spring ŮɑɜŬɘ ɏɜŬ ɓɘɓɚɑɞ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ŮˊɘůŰɐɛɖɠ Ŭˊɧ Űɖɜ Rachel Carson (Dorothy, 2010). ɇɞ ɓɘɓɚɑɞ 

ŭɖɛɞůɘŮɨŰɖəŮ ůŰɘɠ 27 ɆŮˊŰŮɛɓɟɑɞɡ 1962 əŬɘ ŰŮəɛɖɟɑɤůŮ Űɘɠ ŮˊɘɕɐɛɘŮɠ ŮˊɘˊŰɩůŮɘɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɖɠ 

ŬəŬŰɎˊŬɡůŰɖɠ ɢɟɐůɖɠ űɡŰɞűŬɟɛɎəɤɜ. ȼ Carson əŬŰɖɔɧɟɖůŮ Űɖ ɢɖɛɘəɐ ɓɘɞɛɖɢŬɜɑŬ ɔɘŬ ˊŬɟŬˊɚɖɟɞűɧɟɖůɖ əŬɘ 

Űɞɡɠ ŭɖɛɧůɘɞɡɠ űɞɟŮɑɠ ɔɘŬ Űɖɜ Ŭˊɞŭɞɢɐ Űɤɜ ɘůɢɡɟɘůɛɩɜ Űɖɠ ɓɘɞɛɖɢŬɜɑŬɠ ɢɤɟɑɠ ŬɛűɘɓɞɚɑŬ . ɇɞ 2006, Űɞ Silent 

Spring ɣɖűɑůŰɖəŮ ɤɠ ɏɜŬ Ŭˊɧ ŰŬ 25 ɛŮɔŬɚɨŰŮɟŬ ŮˊɘůŰɖɛɞɜɘəɎ ɓɘɓɚɑŬ ɧɚɤɜ Űɤɜ Ůˊɞɢɩɜ Ŭˊɧ Űɞɡɠ ŮəŭɧŰŮɠ Űɞɡ 

ˊŮɟɘɞŭɘəɞɨ Discover (Mullis, 2006).  
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persistent organic pollutants) ŬˊɞŰŮɚɞɨɜ ɏɜŬ ɡˊɞůɨɜɞɚɞ Űɖɠ əŬŰɖɔɞɟɑŬɠ Pȸɇ, Ůɜɩ 

ɎɚɚŮɠ ɞɡůɑŮɠ ˊɞɡ əŬŰɖɔɞɟɘɞˊɞɘɞɨɜŰŬɘ ůŮ ŬɡŰɐ Űɖɜ əŬŰɖɔɞɟɑŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ 

ɘɢɜɞůŰɞɘɢŮɑŬ əŬɘ ɞɟɔŬɜɞɛŮŰŬɚɚɘəɏɠ ŮɜɩůŮɘɠ (OôSullivan & Megson, 2013). 

 

1.1 Ƀɘ ɢɚɤɟɞűŬɘɜɞɚɘəɏɠ ŮɜɩůŮɘɠ əŬɘ ŰŬ ˊŬɟɎɔɤɔɎ Űɞɡɠ 

 

1.1.1 Ƀɟɘůɛɧɠ 

 

ȼ űŬɘɜɧɚɖ ŮɑɜŬɘ ɛɘŬ ŬɟɤɛŬŰɘəɐ ɞɟɔŬɜɘəɐ ɏɜɤůɖ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ 

ɓŮɜɕɧɚɘɞ, Űɞɜ ŬˊɚɞɨůŰŮɟɞ ŬɟɤɛŬŰɘəɧ ɡŭɟɞɔɞɜɎɜɗɟŬəŬ, ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ɛɘŬɠ 

ɡŭɟɞɝɡɚɞɛɎŭŬɠ ůŮ ɏɜŬɜ ɎɜɗɟŬəŬ ŬɜŰɑ ɔɘŬ ɏɜŬ ɡŭɟɞɔɧɜɞ. Ƀɘ ɢɚɤɟɞűŬɘɜɧɚŮɠ ŮɑɜŬɘ 

űŬɘɜɧɚŮɠ ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɏɢɞɡɜ ŮˊɘˊɟɞůɗɏŰɤɠ ɛɧɟɘŬ ɢɚɤɟɑɞɡ (Ŭˊɧ ɏɜŬ ɏɤɠ ˊɏɜŰŮ). 

ɈˊɎɟɢɞɡɜ ˊɏɜŰŮ ɓŬůɘəɞɑ Űɨˊɞɘ ɢɚɤɟɞűŬɘɜɞɚɩɜ: ɛɞɜɞ-, ŭɘ-, Űɟɘ-, ŰŮŰɟŬ- əŬɘ ˊŮɜŰŬ-

ɢɚɤɟɞűŬɘɜɧɚŮɠ. ɆɡɜɞɚɘəɎ, ɡˊɎɟɢɞɡɜ 19 ŭɘŬűɞɟŮŰɘəɏɠ ɢɚɤɟɞűŬɘɜɧɚŮɠ Ŭɜ ɚɖűɗɞɨɜ 

ɡˊɧɣɘɜ ŰŬ ŭɘɎűɞɟŬ ɘůɞɛŮɟɐ. ɆŰɖɜ ŮɘəɧɜŬ 1.1 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ůɖɛŬɜŰɘəɧŰŮɟŮɠ 

ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛŮɠ ɢɚɤɟɞűŬɘɜɧɚŮɠ. Ƀɘ ɢɚɤɟɞűŬɘɜɧɚŮɠ ŰŮɑɜɞɡɜ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ 

ŬɜɗŮəŰɘəɏɠ, Űɞɝɘəɏɠ əŬɘ ɓɘɞůɡůůɤɟŮɨůɘɛŮɠ Ŭˊɧ Űɘɠ ɛɖ ɢɚɤɟɘɤɛɏɜŮɠ űŬɘɜɧɚŮɠ (Murray 

& Wong, 1999). 

 

 

 

ȺɘəɧɜŬ 1.1 Ƀɘ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛŮɠ ɢɚɤɟɞűŬɘɜɧɚŮɠ: 2,4-ŭɘɢɚɤɟɞűŬɘɜɧɚɖ 

(2,4-DCP) (1), ˊŮɜŰŬɢɚɤɟɞűŬɘɜɧɚɖ (PCP) (2), 2,4,5-ŰɟɘɢɚɤɟɞűŬɘɜɧɚɖ (2,4,5-TCP) (3), 2-

ɢɚɤɟɞűŬɘɜɧɚɖ (2-CP) (4), and 4-ɢɚɤɟɞűŬɘɜɧɚɖ (4-CP) (5)(Igbinosa et al., 2013) 
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1.1.2 ɇɞɝɘəɧŰɖŰŬ 

 

Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ űŬɘɜɧɚŮɠ, ɛŮŰŬɝɨ ŬɡŰɩɜ əŬɘ ɞɘ ɢɚɤɟɞűŬɘɜɧɚŮɠ, 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɡɣɖɚɐ Űɞɝɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ. ɇɞɝɘəɧŰɖŰŬ ŮɛűŬɜɑɕɞɡɜ Ůˊɑůɖɠ 

əŬɘ ŭɘɎűɞɟŬ ˊŬɟɎɔɤɔŬ Űɤɜ ɢɚɤɟɞűŬɘɜɞɚɩɜ, ɧˊɤɠ ɞɘ ɢɚɤɟɞəŬŰŮɢɧɚŮɠ  (Michağowicz 

& Duda, 2007; Schweigert, Zehnder, & Eggen, 2001). ȼ Űɞɝɘəɐ ŮˊɑŭɟŬůɖ Űɤɜ 

ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ  ɖ ɘəŬɜɧŰɖŰŬ ŭɘɎɢɡůɖɠ 

Űɖɠ ɏɜɤůɖɠ ɛɏůɤ Űɖɠ əɡŰŰŬɟɘəɐɠ ɛŮɛɓɟɎɜɖɠ. Ƀ ůɖɛŬɜŰɘəɧŰŮɟɞɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ 

ŮˊɖɟŮɎɕŮɘ Űɖ ŭɘɎɢɡůɖ ŮɑɜŬɘ ɞ ɡŭɟɧűɞɓɞɠ ɢŬɟŬəŰɐɟŬɠ Űɖɠ ɏɜɤůɖɠ. ȳůɞ ˊɘɞ ɡŭɟɧűɞɓɖ 

ŮɑɜŬɘ ɛɘŬ ɏɜɤůɖ, Űɧůɞ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ŮɑɜŬɘ ɖ ŭɘŮɑůŭɡůɖ Űɖɠ űŬɘɜɧɚɖɠ ůŰɖ 

ɛŮɛɓɟɎɜɖ əŬɘ Űɧůɞ ˊɘɞ ɘůɢɡɟɐ ɖ ŰɞɝɘəɧŰɖŰŬ Űɖɠ (Michağowicz & Duda, 2007; 

Moridani, Siraki, Chevaldina, Scobie, & OôBrien, 2004). 

Ƀ ɓŬůɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ əŬɗɞɟɑɕŮɘ Űɖɜ ŰɞɝɘəɧŰɖŰŬ ɛɑŬɠ űŬɘɜɧɚɖɠ ŮɑɜŬɘ ɖ 

ŭɟŬůŰɘəɧŰɖŰŬ Űɖɠ ɏɜɤůɖɠ ɛŮ ŰŬ ɓɘɞɛɧɟɘŬ Ůɜɧɠ əɡŰŰɎɟɞɡ. ȼ ŭɟŬůŰɘəɧŰɖŰŬ ŬɡŰɐ 

ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŮɡəɞɚɑŬ Ŭˊɞɓɞɚɐɠ ŮɚŮɨɗŮɟɤɜ ɖɚŮəŰɟɞɜɑɤɜ Ŭˊɧ Űɘɠ űŬɘɜɧɚŮɠ 

ɞɝŮɘŭɤɛɏɜɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ. Ƀɘ ŬɜŰɘŭɟɎůŮɘɠ Ůɜɧɠ ɖɚŮəŰɟɞɜɑɞɡ ůŰŬ əɨŰŰŬɟŬ ůɡɜɐɗɤɠ 

əŬŰŬɚɨɞɜŰŬɘ Ŭˊɧ ɞɝŮɘŭɤŰɘəɎ ɏɜɕɡɛŬ ɧˊɤɠ ɞɘ ɡˊŮɟɞɝŮɘŭɎůŮɠ (peroxidases) ˊɞɡ 

ɡˊɎɟɢɞɡɜ ůŰɞ ɐˊŬɟ, Űɞɡɠ ˊɜŮɨɛɞɜŮɠ əŬɘ ůŮ ɎɚɚŬ ɧɟɔŬɜŬ, Űɘɠ ˊɟɞůŰŬɔɚŬɜŭɑɜŮɠ 

(prostaglandins) əŬɘ Űɘɠ ɛɡŮɚɞɦˊŮɟɞɝŮɘŭɎůŮɠ (myeloperoxidases) ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɞ 

ɛɡŮɚɧ Űɤɜ ɞůŰɩɜ. ɇɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŭɟɎůɖɠ Űɞɡɠ ŮɑɜŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ űŬɘɜɞɝɡ-ɟɘɕɩɜ 

(phenoxy radicals) əŬɘ ŮɜŭɘɎɛŮůɤɜ ɛŮŰŬɓɞɚɘŰɩɜ, ɧˊɤɠ ɖɛɘəɘɜɞɜɩɜ (semiquinones) ˊɞɡ 

ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ ŰŬ ɓɘɞɛɧɟɘŬ Űɞɡ əɡŰŰɎɟɞɡ. ɆŮ ŬɡŰɏɠ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ůɢɖɛŬŰɑɕɞɜŰŬɘ 

ŬůŰŬɗŮɑɠ ŮɜɩůŮɘɠ ɧˊɤɠ ɟɑɕŮɠ ɡˊŮɟɞɝŮɘŭɑɞɡ (superoxide radicals) ɐ ɡˊŮɟɞɝŮɑŭɘŬ Űɞɡ 

ɡŭɟɞɔɧɜɞɡ (hydrogen peroxide). Ƀɘ űŬɘɜɧɚŮɠ ɡɣɖɚɐɠ ŭɟŬůŰɘəɧŰɖŰŬɠ ɡˊɞɓɎɚɚɞɜŰŬɘ 

ɔɟɐɔɞɟŬ ůŮ ŬɜŰɘŭɟɎůŮɘɠ ɟɘɕɩɜ əŬɘ ˊɟɞəŬɚɞɨɜ ɡˊŮɟɞɝŮɑŭɤůɖ Űɤɜ ɚɘˊɘŭɑɤɜ Űɖɠ 

ɛŮɛɓɟɎɜɖɠ Űɞɡ əɡŰŰɎɟɞɡ. Ƀɘ űŬɘɜɧɚŮɠ ɢŬɛɖɚɧŰŮɟɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ ŭɘŮɘůŭɨɞɡɜ ůŰɞ 

ŮůɤəɡŰŰŬɟɘəɧ Űɞɡ əɡŰŰɎɟɞɡ əŬɘ ɓɚɎˊŰɞɡɜ Űɘɠ ɛŮɛɓɟɎɜŮɠ Űɞɡ ŮɜŭɞˊɚŬůɛŬŰɘəɞɨ 

ŭɘəŰɨɞɡ, Űɤɜ ɛɘŰɞɢɞɜŭɟɑɤɜ əŬɘ Űɞɡ ˊɡɟɐɜŬ əŬɗɩɠ əŬɘ əɎˊɞɘɤɜ ůɡůŰŬŰɘəɩɜ Űɤɜ 

əɡŰŰɎɟɤɜ ɧˊɤɠ ɏɜɕɡɛŬ əŬɘ ɜɞɡəɚŮɥɜɘəɎ ɞɝɏŬ (Michağowicz & Duda, 2007). 

 

1.1.3 Ʉɖɔɏɠ 

 

Ƀɘ ɢɚɤɟɘɤɛɏɜŮɠ űŬɘɜɧɚŮɠ ˊɟɞɏɟɢɞɜŰŬɘ ůɢŮŭɧɜ Ůɝ ɞɚɞəɚɐɟɞɡ Ŭˊɧ 

ŬɜɗɟɤˊɞɔŮɜŮɑɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ɧˊɤɠ ɖ ɢɖɛɘəɐ əŬɘ űŬɟɛŬəŮɡŰɘəɐ ɓɘɞɛɖɢŬɜɑŬ 
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(Czaplicka, 2004). ȼ ŮɡɟŮɑŬ ŮɝɎˊɚɤůɖ ŬɡŰɩɜ Űɤɜ ŮɜɩůŮɤɜ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ůɢŮŰɑɕŮŰŬɘ 

Ůˊɑůɖɠ ɛŮ Űɖɜ ˊŬɟŬɔɤɔɐ, ɢɟɐůɖ əŬɘ Ŭˊɞɘəɞŭɧɛɖůɖ ˊɞɚɚɩɜ űɡŰɞűŬɟɛɎəɤɜ, ɧˊɤɠ ŰŬ 

ɢɚɤɟɞɓŮɜɕɧɚɘŬ əŬɘ ŰŬ ɢɚɤɟɘɤɛɏɜŬ əɡəɚɞŮɝɎɜɘŬ. ɇɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ, ɞɘ 

ɢɚɤɟɞűŬɘɜɧɚŮɠ ɏɢɞɡɜ ůɖɛŬɜŰɘəɧ ŬɜŰɑəŰɡˊɞ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡɠ, ɖ 

ŭɘɎɗŮůɐ Űɞɡɠ əŬɘ ɖ ɔŮɜɘəɐ ŭɘŬɢŮɑɟɘůɖ ŬˊɞŰŮɚɞɨɜ ůɞɓŬɟɏɠ ˊɟɞəɚɐůŮɘɠ ɔɘŬ Űɞɡɠ 

ŮɜŭɘŬűŮɟɧɛŮɜɞɡɠ űɞɟŮɑɠ ůŰɞɜ ŰɞɛɏŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ Űɖɠ ɡɔŮɑŬɠ (Czaplicka, 

2004; Igbinosa et al., 2013). 

 

1.1.4 ɄŮɟɘɓŬɚɚɞɜŰɘəɐ ɆɡɛˊŮɟɘűɞɟɎ 

 

ɆɐɛŮɟŬ ŭɘɎűɞɟŮɠ ɏɟŮɡɜŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ Űɖɜ ˊŬɟɞɡůɑŬ ɢɚɤɟɞűŬɘɜɞɚɘəɩɜ 

əŬŰŬɚɞɑˊɤɜ əŬɘ Ɏɚɚɤɜ ɢɚɤɟɘɤɛɏɜɤɜ ŬɟɤɛŬŰɘəɩɜ ˊŬɟŬɔɩɔɤɜ, ɧˊɤɠ ɖ 

ɢɚɤɟɞəɞŰŬɢɧɚɖ, ůŮ Űɟɞűɘəɏɠ ŬɚɡůɑŭŮɠ Ŭəɧɛɖ əŬɘ ůŰŬ ˊɘɞ ˊŬɟɗɏɜŬ űɡůɘəɎ 

ˊŮɟɘɓɎɚɚɞɜŰŬ (Ahlborg & Spencer, 1980). Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ ɢɚɤɟɞűŬɘɜɧɚŮɠ ˊɞɡ 

ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɘ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɏɢɞɡɜ Űɖɜ ŰɎůɖ ɜŬ əŬŰŬɚɐɔɞɡɜ ůŰɞ ɜŮɟɧ, Ůɜɩ ɛɘəɟɧ 

ˊɞůɞůŰɧ ŬɡŰɩɜ əŬŰŬɚɐɔŮɘ ůŰɞɜ ŬɏɟŬ. Ƀɘ ŮɜɩůŮɘɠ ˊɞɡ ŮɑɜŬɘ ˊɘɞ ˊɘɗŬɜɧ ɜŬ Ůɘůɏɚɗɞɡɜ 

ůŰɞɜ ŬɏɟŬ ŮɑɜŬɘ ɞɘ ɛɞɜɞ- əŬɘ ŭɘɢɚɤɟɞűŬɘɜɧɚŮɠ ŮˊŮɘŭɐ ŮɑɜŬɘ ɞɘ ˊɘɞ ˊŰɖŰɘəɏɠ (Murray & 

Wong, 1999). 

 

1.1.5 ȺˊɘˊŰɩůŮɘɠ ůŰɖɜ ɡɔŮɑŬ 

 

Ƀɘ ɢɚɤɟɞűŬɘɜɧɚŮɠ əŬɘ ŰŬ ŭɘɎűɞɟŬ ˊŬɟɎɔɤɔɎ Űɞɡɠ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ˊɟɞəŬɚɏůɞɡɜ ɘůŰɞˊŬɗɞɚɞɔɘəɏɠ ŬɚɚŬɔɏɠ əŬɘ ɛŮŰŬɚɚŬɝɘɞɔɧɜŮɠ əŬɘ əŬɟəɘɜɞɔɧɜŮɠ 

ŮˊɘŭɟɎůŮɘɠ ůŰŬ ɕɩŬ əŬɘ ůŰɞɜ Ɏɜɗɟɤˊɞ. Ⱥˊɘˊɚɏɞɜ, ɖ ˊɟɞůɗɐəɖ ŬŰɧɛɤɜ ɢɚɤɟɑɞɡ ůŮ 

ŬɡŰɏɠ Űɘɠ ŮɜɩůŮɘɠ ɛˊɞɟŮɑ ɜŬ ŬɡɝɐůŮɘ Űɖɜ ŰɞɝɘəɧŰɖŰɎ Űɞɡɠ əŬɘ ɜŬ ˊŬɟŬŰŮɑɜŮɘ Űɖɜ ˊŮɟɑɞŭɞ 

ɓɘɞůɡůůɩɟŮɡůɖɠ ůŮ ɕɤɜŰŬɜɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ (Igbinosa et al., 2013). ȼ ŭɖɚɖŰɖɟɑŬůɖ 

Ŭˊɧ ɢɚɤɟɞűŬɘɜɧɚŮɠ ɞŭɖɔŮɑ ůŮ ɓɚɎɓɖ ůŰɞɡɠ ˊɜŮɨɛɞɜŮɠ, Űɞ ɐˊŬɟ, ŰŬ ɜŮűɟɎ, Űɞ ŭɏɟɛŬ 

əŬɘ Űɞ ˊŮˊŰɘəɧ ůɨůŰɖɛŬ. ȼ ůɡůůɩɟŮɡůɖ Űɤɜ ŮɜɩůŮɤɜ ŬɡŰɩɜ ɔɑɜŮŰŬɘ ůŰŬ ɜŮűɟɎ, ůŰɞ 

ůˊɚɐɜŬ, ůŰɞ ɐˊŬɟ, ůŰɖ əŬɟŭɘɎ, ůŰɞɜ ŮɔəɏűŬɚɞ əŬɘ ůŰɞɜ ɚɘˊɩŭɖ ɘůŰɧ (Michağowicz & 

Duda, 2007). 

Ƀɘ űŬɘɜɧɚŮɠ ŮˊɖɟŮɎɕɞɡɜ Ůˊɑůɖɠ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɞɟɛɞɜɘəɞɨ ůɡůŰɐɛŬŰɞɠ. 

ɃɟɘůɛɏɜŮɠ űŬɘɜɧɚŮɠ ŮɑɜŬɘ ɘəŬɜɏɠ ɜŬ ŭɘŬŰŬɟɎɝɞɡɜ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ůŮɝɞɡŬɚɘəɩɜ 

ɞɟɛɞɜɩɜ, ɖ ɞˊɞɑŬ ŰŮɚɘəɎ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ůŰŮɘɟɧŰɖŰŬ Űɤɜ ɕɩɤɜ əŬɘ Űɤɜ 
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Ŭɜɗɟɩˊɤɜ. ȺˊɖɟŮɎɕɞɡɜ Ůˊɑůɖɠ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ŭɘŬɨɚɤɜ ɘɧɜŰɤɜ ůŰɞ ɜŮɡɟɘəɧ 

ůɨůŰɖɛŬ (Michağowicz & Duda, 2007). ɇɏɚɞɠ, ɞɘ ɢɚɤɟɞűŬɘɜɧɚŮɠ əŬɘ ɖ əŬŰŮɢɧɚɖ 

ɛŮɘɩɜɞɡɜ Űɖɜ ŮɜŮɟɔɧŰɖŰŬ Űɖɠ ŬəŮŰɡɚɞɢɞɚɘɜŮůŰŮɟɎůɖɠ Űɤɜ ŮɟɡɗɟɞəɡŰŰɎɟɤɜ Űɖɠ 

Ŭɜɗɟɩˊɘɜɖɠ ɛŮɛɓɟɎɜɖɠ (Bukowska & Hutnik, 2006) Ůɜɩ ˊɟɞəŬɚɞɨɜ ɓɚɎɓŮɠ ůŰɘɠ 

ɛŮɛɓɟŬɜɘəɏɠ ˊɟɤŰŮȶɜŮɠ (Bukowska & Hutnik, 2006; Bukowska & Kowalska, 2004).  

 

1.1.6 ȼ 2,4-ŭɘɢɚɤɟɞűŬɘɜɧɚɖ 

 

ȼ 2,4-ŭɘɢɚɤɟɞűŬɘɜɧɚɖ (2,4-dCP) ŬˊɞŰŮɚŮɑ ɑůɤɠ Űɖɜ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ 

ɢɚɤɟɞűŬɘɜɧɚɖ ůŰɞ Ůɛˊɧɟɘɞ (ŮɘəɧɜŬ 1.2). ɄŬɟɧɚɞ ˊɞɡ ɞɘ ɢɚɤɟɞűŬɘɜɧɚŮɠ ɛŮ ɚɘɔɧŰŮɟŬ 

Ŭˊɧ 3 ɢɚɩɟɘŬ ůŰɞ ɛɧɟɘɞ Űɞɡɠ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ, ɖ 2,4-dCP ɓɟɑůəŮɘ 

ŮűŬɟɛɞɔɐ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɡɣɖɚɧŰŮɟɤɜ ɢɚɤɟɞűŬɘɜɞɚɩɜ əŬɘ ɕɘɕŬɜɘɞəŰɧɜɤɜ 

ɢɚɤɟɞűŬɘɜɞɝɡɞɝɘəɞɨ ɞɝɏɞɠ (chlorophenoxyacetic acid herbicides). ɀɎɚɘůŰŬ, 

ŮəŰɘɛɎŰŬɘ ɧŰɘ ˊŮɟɑˊɞɡ 40000 Űɧɜɞɘ 2,4-dCP ˊŬɟɎɔɞɜŰŬɘ ŮŰɖůɑɤɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ 

ɕɘɕŬɜɘɞəŰɧɜɞɡ 2,4-ŭɘɢɚɤɟɞűŬɘɜɞɝɡɞɝɘəɞɨ ɞɝɏɞɠ (dichlorophenoxyacetic acid) (Fahr et 

al., 1999; Khenifi et al., 2009; Vroumsia et al., 2005). 

 

 

ȿɧɔɤ Űɖɠ ŮɡɟŮɑŬɠ ŭɘɎŭɞůɖɠ Űɖɠ, ɖ 2,4-dCP əŬŰŬɢɤɟɐɗɖəŮ Űɞ 1978 ɤɠ ɟɨˊɞɠ 

ˊɟɞŰŮɟŬɘɧŰɖŰŬɠ ɛŬɕɑ ɛŮ Ɏɚɚɞɡɠ 128 Ŭˊɧ Űɖɜ ɈˊɖɟŮůɑŬ ɄɟɞůŰŬůɑŬɠ Űɞɡ 

ɄŮɟɘɓɎɚɚɞɜŰɞɠ Űɤɜ ȼɄȷ (Vroumsia et al., 2005), Ůɜɩ əŬɘ ɖ ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ Űɖɜ 

ŰŬɝɘɜɧɛɖůŮ ůŮ ɛɘŬ ˊŬɟɧɛɞɘŬ ɚɑůŰŬ Űɞ 1980, ɞɟɑɕɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ŬɜɩŰŬŰŬ ŬˊɞŭŮɢŰɎ 

ɧɟɘŬ ůŰɞ ˊɧůɘɛɞ ɜŮɟɧ. Ʉɞɚɚɏɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ɔɑɜŮɘ ɛŮ ůəɞˊɧ Űɖɜ ŬˊɞŰɞɝɘəɞˊɞɑɖůɖ 

ˊŮɟɘɞɢɩɜ ɛɞɚɡůɛɏɜŮɠ Ŭˊɧ 2,4-dCP ŮɝŬɘŰɑŬɠ Űɤɜ ŮˊɘɓɚŬɓɩɜ ŮˊɘˊŰɩůŮɤɜ Űɖɠ ůŰɞɡɠ 

ȺɘəɧɜŬ1.2 ɉɖɛɘəɐ ŭɞɛɐ Űɖɠ 2,4-

ŭɘɢɚɤɟɞűŬɘɜɧɚɖɠ (Environnement, 2005) 
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ɕɩɜŰŮɠ ɞɟɔŬɜɘůɛɞɨɠ, ŬəɧɛŬ əŬɘ ůŮ ˊɞɚɨ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ (ppb) (Khenifi et al., 

2009). 

 

1.2 Ƀɘ ɏɛɛɞɜɞɘ ɞɟɔŬɜɘəɞɑ ɟɨˊɞɘ  

 

1.2.1 Ƀɟɘůɛɧɠ 

 

Ƀɘ ɏɛɛɞɜɞɘ ɞɟɔŬɜɘəɞɑ ɟɨˊɞɘ (POPs) ŮɑɜŬɘ ɞɟɔŬɜɘəɏɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ ˊɞɡ 

ŭɘŬɗɏŰɞɡɜ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ůɡɜŭɡŬůɛɧ űɡůɘəɩɜ əŬɘ ɢɖɛɘəɩɜ ɘŭɘɞŰɐŰɤɜ, ɏŰůɘ ɩůŰŮ, 

ɛɧɚɘɠ ŬˊŮɚŮɡɗŮɟɤɗɞɨɜ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ, ɜŬ: 

-ɄŬɟŬɛɏɜɞɡɜ ɎɗɘəŰŮɠ ɔɘŬ ŮɝŬɘɟŮŰɘəɎ ɛŮɔɎɚŮɠ ɢɟɞɜɘəɏɠ ˊŮɟɘɧŭɞɡɠ (ɤɠ əŬɘ ŬɟəŮŰɎ 

ɢɟɧɜɘŬ), 

-ȾŬŰŬɜɏɛɞɜŰŬɘ Ůɡɟɏɤɠ ůŮ ɞɚɧəɚɖɟɞ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ űɡůɘəɩɜ 

ŭɘŮɟɔŬůɘɩɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɞ ɏŭŬűɞɠ, Űɞ ɜŮɟɧ əŬɘ əɡɟɑɤɠ Űɞɜ ŬɏɟŬ, 

-ȸɘɞůɡůůɤɟŮɨɞɜŰŬɘ ůŰɞɜ ɚɘˊŬɟɧ ɘůŰɧ Űɤɜ ɕɩɜŰɤɜ ɞɟɔŬɜɘůɛɩɜ, 

ůɡɛ́ŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ Ŭɜɗɟɩˊɤɜ, əŬɘ ŬɜɘɢɜŮɨɞɜŰŬɘ ůŮ ɡɣɖɚɧŰŮɟŮɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ůŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ Űɖɠ Űɟɞűɘəɐɠ ŬɚɡůɑŭŬɠ, 

-ȺɑɜŬɘ Űɞɝɘəɏɠ Űɧůɞ ɔɘŬ Űɞɜ Ɏɜɗɟɤˊɞ ɧůɞ əŬɘ ɔɘŬ Űɖɜ ɎɔɟɘŬ űɨůɖ (UNEP, 2017). 

 

1.2.2 ɉŬɟŬəŰɖɟɑɕɞɜŰŬɠ ɛɘŬ ɞɡůɑŬ ɤɠ ɏɛɛɞɜɞ ɞɟɔŬɜɘəɧ ɟɨˊɞ 

 

Ƀɘ POPs ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ ŮˊɘɛŮɚɩɠ Ŭˊɧ Űɖ ɔɜɤůŰɐ ŭɘɎůəŮɣɖ Űɖɠ ɆŰɞəɢɧɚɛɖɠ 

Űɞɡ ɄɟɞɔɟɎɛɛŬŰɞɠ Űɤɜ ȼɜɤɛɏɜɤɜ Ⱥɗɜɩɜ ɔɘŬ Űɞ ɄŮɟɘɓɎɚɚɞɜ (UNEP) ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Űɞ 2001. ȼ ŭɘɎůəŮɣɖ Űɖɠ ɆŰɞəɢɧɚɛɖɠ ŮɑɢŮ ŬɟɢɘəɎ ɤɠ ůŰɧɢɞ ɜŬ 

ŬɜŰɘɛŮŰɤˊɑůŮɘ Űɘɠ 12 Ŭˊɧ Űɘɠ ˊɚɏɞɜ ˊɘɞ ŬɜɗŮəŰɘəɏɠ əŬɘ Űɞɝɘəɏɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ˊɞŰɏ (ȺɘəɧɜŬ 1.3ȷ). ȷɡŰɏɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŮɜɜɏŬ ˊŬɟŬůɘŰɞəŰɧɜŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ ɔɘŬ ůəɞˊɞɨɠ ɔŮɤɟɔɑŬɠ əŬɘ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ: Ŭɚŭɟɑɜɖ (Aldrin), 

ɢɚɤɟŭɎɜɖ (Chlordane), ˊ,ˊ'-ŭɘɢɚɤɟɞ-ŭɘűŬɘɜɡɚɞŰɟɘɢɚɤɟɞŬɘɗɎɜɘɞ DDT, ŭɘŮɚŭɟɑɜɖ 

(Dieldrin), Ůɜŭɟɑɜɖ (Endrin), ŮˊŰŬɢɚɩɟɘɞ (Heptachlor), ŮɝŬɢɚɤɟɞɓŮɜɕɧɚɘɞ (HCB), 

mirex əŬɘ ŰɞɝɞűŬɑɜɖ (Toxaphene). Ⱥˊɘˊɚɏɞɜ, ůŰɞɢŮɨɗɖəŬɜ ŰŬ ˊɞɚɡɢɚɤɟɘɞɛɏɜŬ 

ŭɘűŬɘɜɨɚɘŬ (PCBs) ɔɘŬ ŰŬ ɞˊɞɑŬ ɗŬ ɔɑɜŮɘ ŮəŰŮɜɏůŰŮɟɖ ŬɜŬűɞɟɎ ůŮ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ. 

ɇɏɚɞɠ, ɖ ůɨɛɓŬůɖ ŬɜŰɘɛŮŰɤˊɑɕŮɘ əɎˊɞɘŬ ˊŬɟŬˊɟɞɥɧɜŰŬ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ 

ˊɞɚɡɢɚɤɟɘɤɛɏɜɤɜ ŭɘɓŮɜɕɞŭɘɞɝɘɜɩɜ (PCDD) əŬɘ Űɤɜ ˊɞɚɡɢɚɤɟɘɤɛɏɜɤɜ 
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ŭɘɓŮɜɕɞűɞɡɟŬɜɑɤɜ (PCDF), ŰŬ ɞˊɞɑŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ əŬɨůŮɘɠ əŬɘ ɓɘɞɛɖɢŬɜɘəɏɠ 

ŭɘŮɟɔŬůɑŮɠ ŬɚɚɎ ŭŮɜ ɏɢɞɡɜ əŬɛɑŬ Ůɛˊɞɟɘəɐ ɢɟɐůɖ (UNEP, 2012). óȰəŰɞŰŮ Űɞ 

ˊɟɧɔɟŬɛɛŬ Űɤɜ ȼɜɤɛɏɜɤɜ Ⱥɗɜɩɜ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɏɢŮɘ ůŰɞɢŮɨůŮɘ əŬɘ ɎɚɚŮɠ ˊɞɚɚɏɠ 

ŮɜɩůŮɘɠ (ŮɘəɧɜŬ 1.3 ȸ) Ůɜɩ ɎɚɚŮɠ ɓɟɑůəɞɜŰŬɘ ɡˊɧ ŮɝɏŰŬůɖ (ŮɘəɧɜŬ 1.3 C). 

 

 

ȼ ȹɘɎůəŮɣɖ Űɖɠ ɆŰɞəɢɧɚɛɖɠ ɏɔɘɜŮ ɛŮ ŬɡůŰɖɟɎ ŮˊɘůŰɖɛɞɜɘəɎ əɟɘŰɐɟɘŬ ɛŮŰɎ 

Ŭˊɧ ˊɞɚɡɎɟɘɗɛŮɠ ɏɟŮɡɜŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ŰɞɝɘəɞɚɞɔɑŬɠ ůŮ ɡŭɎŰɘɜŬ ůɡůŰɐɛŬŰŬ 

ŭɘŬűɧɟɤɜ ˊŮɟɘɞɢɩɜ Űɞɡ ˊɚŬɜɐŰɖ (UNEP, 2010). ũɘŬ əŬɗɏɜŬ Ŭˊɧ ŬɡŰɎ ŰŬ əɟɘŰɐɟɘŬ 

ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜŰŬɘ ɞɟɘůɛɏɜɞɘ ˊŮɟɘɞɟɘůɛɞɑ ˊɟɞəŮɘɛɏɜɞɡ ɛɘŬ ɢɖɛɘəɐ ɏɜɤůɖ ɜŬ 

ɗŮɤɟɖɗŮɑ ɤɠ ɡˊɞɣɐűɘɞɠ POP ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬɠ 1.1.  

 

 

ȺɘəɧɜŬ 1.3 Ƀɘ ɢɖɛɘəɞɑ Űɨˊɞɘ Űɤɜ ɏɛɛɞɜɤɜ ɞɟɔŬɜɘəɩɜ ɟɨˊɤɜ (POPs) Ŭˊɧ Űɖ ŭɘɎůəŮɣɖ Űɖɠ ɆŰɞəɢɧɚɛɖɠ: (A) Ƀɘ ˊɟɩŰŮɠ ŭɩŭŮəŬ 

ŮɜɩůŮɘɠ "Dirty Dozen" (ȸ) ɞɘ ɜɏɞɘ POPs əŬɘ Űɞ ɏŰɞɠ ůŰɞ ɞˊɞɑɞ əŬŰŬɔɟɎűɖəŬɜ əŬɘ (ũ) ɜɏŮɠ ˊɟɞŰɎůŮɘɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɡˊɧ 

ŮɝɏŰŬůɖ (Nikolaivits et al., 2017). 
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ɄɑɜŬəŬɠ 1.1 ȾɟɘŰɐɟɘŬ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɤɜ POPs ůɨɛűɤɜŬ ɛŮ Űɖ ůɨɛɓŬůɖ ɔɘŬ Űɖ ŭɘŬůɡɜɞɟɘŬəɐ 

ŬŰɛɞůűŬɘɟɘəɐ ɟɨˊŬɜůɖ ůŮ ɛŮɔɎɚɖ ŬˊɧůŰŬůɖ əŬɘ Űɖ ɆɨɛɓŬůɖ Űɖɠ ɆŰɞəɢɧɚɛɖɠ. Ƀ ůɡɜŰŮɚŮůŰɐɠ əŬŰŬɜɞɛɐɠ 

ɞəŰŬɜɧɚɖɠ/ɜŮɟɞɨ (Ⱦow)2 ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ůŰɞ 5, ɞ ˊŬɟɎɔɞɜŰŬɠ ɓɘɞůɡůůɩɟŮɡůɖɠ ˊɎɜɤ Ŭˊɧ 5.000 

(ŰɎůɖ ˊɟɞɠ ůɡůůɩɟŮɡůɖ ůŮ ɘůŰɞɨɠ), əŬɘ ɖ ŭɘɎɟəŮɘŬ ɖɛɘɕɤɐɠ3 ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 2 ɖɛɏɟŮɠ (ŬɏɟŬɠ), 2 ɛɐɜŮɠ 

(ɜŮɟɧ), 6 ɛɐɜŮɠ (ɏŭŬűɞɠ) əŬɘ 6 ɛɐɜŮɠ (ɘɕɐɛŬŰŬ) (OôSullivan & Megson, 2013).  

 
 

 

Ƀɘ POPs ŮɑɢŬɜ ŬɜŬɔɜɤɟɘůŰŮɑ əŬɘɟɧ ˊɟɘɜ Ŭˊɧ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ŭɘɎůəŮɣɖ. 

ɋůŰɧůɞ ɞɘ ŮɜɏɟɔŮɘŮɠ Űɖɠ ŭɘɎůəŮɣɖɠ Űɖɠ ɆŰɞəɢɧɚɛɖɠ ɏɢɞɡɜ əŬɗɞɟɑůŮɘ ɛŮ ůŬűɐɜŮɘŬ ŰŬ 

əɟɘŰɐɟɘŬ əŬɘ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ɔɘŬ Űɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɛɘŬɠ ɞɡůɑŬɠ ɤɠ POP əŬɘ Űɖɜ 

əŬŰŬɢɩɟɖůɐ Űɖɠ ůŰŬ ˊŬɟŬɟŰɐɛŬŰŬ ȷ (əŬŰɎɟɔɖůɖ), ȸ (ˊŮɟɘɞɟɘůɛɧɠ) ɐ / əŬɘ ũ (ŬəɞɨůɘŬ 

ˊŬɟŬɔɤɔɐ) (Nikolaivits et al., 2017).   

 

1.2.3 Ʉɖɔɏɠ  

 

ȹɘɎűɞɟŮɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ˊɤɠ ɞɘ Ɏɜɗɟɤˊɞɘ ŮəŰɑɗŮɜŰŬɘ ůŮ ŬɡŰɏɠ Űɘɠ ɢɖɛɘəɏɠ 

ɞɡůɑŮɠ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ, əɡɟɑɤɠ ɛɏůɤ Űɤɜ Űɟɞűɑɛɤɜ ˊɞɡ ŰɟɩɜŮ, ŬɚɚɎ əŬɘ ɛɏůɤ 

Űɞɡ ŬɏɟŬ ˊɞɡ ŬɜŬˊɜɏɞɡɜ (ȺɘəɧɜŬ 1.4). ɄɞɚɚɎ ˊɟɞɥɧɜŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ 

əŬɗɖɛŮɟɘɜɐ ɕɤɐ ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘɏɢɞɡɜ POPs, ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ˊɟɞůŰŮɗŮɑ ɔɘŬ Űɖ 

ɓŮɚŰɑɤůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ, ɧˊɤɠ ˊŬɟŬůɘŰɞəŰɧɜŬ əŬɘ ɓɘɞɛɖɢŬɜɘəɎ ɢɖɛɘəɎ 

ˊɟɞɥɧɜŰŬ.  

                                                           
2 ȼ ɚɘˊɞűɘɚɑŬ ŬˊɞŰŮɚŮɑ əɞɘɜɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɧɚɤɜ Űɤɜ ɞɟɔŬɜɞɢɚɤɟɘɤɛɏɜɤɜ ŮɜɩůŮɤɜ əŬɘ ŮəűɟɎɕŮŰŬɘ ɤɠ 

ůɡɜŰŮɚŮůŰɐɠ əŬŰŬɛŮɟɘůɛɞɨ (partition coefficient) ůŮ n-ɞəŰŬɜɧɚɖ/ɜŮɟɧ.  

 

 
3 ȼ ŭɘɎɟəŮɘŬ ɖɛɘɕɤɐɠ ŬˊɞŰŮɚŮɑ ɛɏŰɟɞ ɔɘŬ Űɖɜ Ůɛɛɞɜɐ (ɐ ŭɘɎɟəŮɘŬ ˊŬɟŬɛɞɜɐɠ ɐ ŬɜɗŮəŰɘəɧŰɖŰŬ) Űɤɜ ŮɜɩůŮɤɜ 

ȾŬŰɖɔɞɟɑŬ ȾɟɘŰɐɟɘɞ 

Ⱥɛɛɞɜɐ ɉɟɧɜɞɠ ɖɛɘɕɤɐɠ ůŰɞ ɜŮɟɧ>2 ɛɐɜŮɠ 

ɉɟɧɜɞɠ ɖɛɘɕɤɐɠ ůŮ ɘɕɐɛŬŰŬ>6 ɛɐɜŮɠ 

ɉɟɧɜɞɠ ɖɛɘɕɤɐɠ ůŰɞ ɏŭŬűɞɠ>6 ɛɐɜŮɠ 

ȸɘɞůɡůůɩɟŮɡůɖ Log KOW>5 ɐ 

ɄŬɟɎɔɞɜŰŬɠ ɓɘɞůɡůůɩɟŮɡůɖɠ>5000 

ɄɘɗŬɜɐ ŭɘŬůɡɜɞɟɘŬəɐ ŬŰɛɞůűŬɘɟɘəɐ 

ɟɨˊŬɜůɖ ůŮ ɛŮɔɎɚɖ ŬˊɧůŰŬůɖ 

ɉɟɧɜɞɠ ɖɛɘɕɤɐɠ ůŰɖɜ ŬŰɛɧůűŬɘɟŬ>2 ɖɛɏɟŮɠ 

(ɐ ɨˊŬɟɝɖ Űɖɠ ɞɡůɑŬɠ ůŮ ŬˊɞɛŬəɟɡůɛɏɜŮɠ 

ˊŮɟɘɞɢɏɠ) 
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ȼ ɏəɗŮůɖ Űɤɜ Ŭɜɗɟɩˊɤɜ ůŰɞɡɠ ɟɨˊɞɡɠ ŬɡŰɞɨɠ, əŬɗɩɠ əŬɘ ůŰɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ 

ɢɚɤɟɞűŬɘɜɞɚɘəɞɨɠ ɟɨˊɞɡɠ, ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ůŮ ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɕɤɐɠ Űɞɡɠ ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 1.5 (WHO, 2017). Ƀɘ Ɏɜɗɟɤˊɞɘ əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ ɗɖɚŬůŰɘəɎ 

ŮəŰɑɗŮɜŰŬɘ ůŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ ŬɡŰɩɜ Űɤɜ ɟɨˊɤɜ əŬŰɎ Űɖ ɓɟŮűɘəɐ əŬɘ ˊŬɘŭɘəɐ 

ɖɚɘəɑŬ, ɧŰŬɜ əŬɘ ŮɑɜŬɘ ˊɘɞ ŮɡɎɚɤŰɞɘ əŬɗɩɠ ɞ ŮɔəɏűŬɚɞɠ, Űɞ ɜŮɡɟɘəɧ ůɨůŰɖɛŬ əŬɘ Űɞ 

ŬɜɞůɞˊɞɘɖŰɘəɧ ůɨůŰɖɛŬ ŭŮɜ ɏɢɞɡɜ ŬəɧɛŬ ŬɜŬˊŰɡɢɗŮɑ ˊɚɐɟɤɠ. ȷəɧɛŬ ɢŮɘɟɧŰŮɟŬ, əŬŰɎ 

Űɖ ŭɘɎɟəŮɘŬ Űɖɠ Ůɔəɡɛɞůɨɜɖɠ əŬɘ Űɞɡ ɗɖɚŬůɛɞɨ, ŬɡŰɏɠ ɞɘ ŮɜɩůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ 

ɛŮŰŬűŮɟɗɞɨɜ Ŭˊɧ ɔŮɜɘɎ ůŮ ɔŮɜɘɎ . ɄɟɎɔɛŬŰɘ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ Űɖɜ ˊɘɗŬɜɐ ɛŮŰŬűɞɟɎ 

Űɤɜ POPs ɛɏůɤ Űɞɡ ɛɖŰɟɘəɞɨ ɔɎɚŬəŰɞɠ ůŰŬ ɓɟɏűɖ  ŮəɗɏŰɞɜŰɎɠ ŰŬ ůŮ ŬɜɘɢɜŮɨůɘɛŮɠ 

ɞ́ůɧŰɖŰŮɠ POPs ůŰŬ ˊɞɚɨ ˊɟɩɘɛŬ ůŰɎŭɘŬ Űɖɠ ɕɤɐɠ Űɞɡɠ (Y. Chen et al., 2015; Croes 

et al., 2012). 

ȺɘəɧɜŬ1.4 Ʉɖɔɏɠ ɏɛɛɞɜɤɜ ɞɟɔŬɜɘəɩɜ ɟɨˊɤɜ. Ƀɘ POPs ɏɢɞɡɜ əɡɟɑɤɠ ŬɜɗɟɤˊɞɔŮɜɐ ˊɟɞɏɚŮɡůɖ: 

ɓɘɞɛɖɢŬɜɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, ŬˊɧɓɚɖŰŬ (ˊ.ɢ. ɘŬŰɟɘəɎ), ɛŮŰŬűɞɟɏɠ əŬɘ ɔŮɤɟɔɑŬ. ɀŮɟɘəɞɑ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

űɡůɘəɐɠ ˊɟɞɏɚŮɡůɖɠ, ˊ.ɢ. Ŭˊɧ ɖűŬɘůŰŮɘŬəɏɠ ŮəɟɐɝŮɘɠ. ȺəɚɨɞɜŰŬɘ ůŰɞɜ ŬɏɟŬ, ůŰɞ ɜŮɟɧ əŬɘ ůŰɖ ɔɖ əŬɘ 

ŮɘůɏɟɢɞɜŰŬɘ ůŰɖɜ Űɟɞűɘəɐ ŬɚɡůɑŭŬ. ȹɘŬɜɏɛɞɜŰŬɘ ˊŬɔəɞůɛɑɤɠ ɛɏůɤ Űɤɜ ɟŮɡɛɎŰɤɜ Űɞɡ ŬɏɟŬ əŬɘ Űɤɜ 

ɤəŮŬɜɩɜ - ŰŬɝɘŭŮɨɞɡɜ ˊɞɚɨ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ əŬɘ ɓɟɑůəɞɜŰŬɘ ůŮ ɛɏɟɖ ɛŬəɟɘɎ Ŭˊɧ ɓɘɞɛɖɢŬɜɘəɞɨɠ 

ɢɩɟɞɡɠ ɐ ŬɔɟɞŰɘəɏɠ ˊŮɟɘɞɢɏɠ, ɧˊɤɠ ɞ əɨəɚɞɠ Űɖɠ ȷɟəŰɘəɐɠ. ȺɘůɏɟɢɞɜŰŬɘ ůŮ ŬŰɛɞůűŬɘɟɘəɏɠ ŭɘŮɟɔŬůɑŮɠ, 

ŬɜŰŬɚɚŬɔɏɠ ŬɏɟŬ-ɜŮɟɞɨ əŬɘ əɨəɚɞɡɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɓɟɞɢɐ, ɢɘɧɜɘ əŬɘ ɝɖɟɎ ůɤɛŬŰɑŭɘŬ. ȷɡŰɏɠ ɞɘ 

ŭɘŮɟɔŬůɑŮɠ ɞŭɖɔɞɨɜ ůŰɖɜ ɏəɗŮůɖ Ŭɜɗɟɩˊɘɜɤɜ əŬɘ ɕɤɘəɩɜ ˊɚɖɗɡůɛɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ŬˊɞɛŬəɟɡůɛɏɜŮɠ 

ˊŮɟɘɞɢɏɠ əŬɘ ˊɞɡ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ ɗŬɚŬůůɘɜɎ (WHO, 2008). 
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ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɖ ˊɟɧůɚɖɣɖ Űɤɜ POPs Ŭˊɧ Űɞɡɠ 

Ŭɜɗɟɩˊɞɡɠ ɞűŮɑɚŮŰŬɘ əɡɟɑɤɠ ůŰɖ ŭɘŬŰɟɞűɐ Űɞɡɠ  əŬɘ ɘŭɘŬɑŰŮɟŬ ůŰɖɜ əŬŰŬɜɎɚɤůɖ 

ɕɤɥəɩɜ Űɟɞűɩɜ (M. L. Chen et al., 2012). ɄɟɎɔɛŬŰɘ, ɖ əŬŰŬɜɎɚɤůɖ ɗŬɚŬůůɘɜɩɜ 

(Perell· et al., 2015) ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɛɞɚɡůɛɏɜŮɠ ˊɖɔɏɠ, əŬɘ ɘŭɘŬɑŰŮɟŬ ɣŬɟɘɩɜ  

(Deribe et al., 2014), ɏɢŮɘ ɓŬɟɨɜɞɡůŬ ůɖɛŬůɑŬ ůŰɖɜ ˊɟɧůɚɖɣɖ Űɞɡɠ Ůɜɩ ɎɚɚŮɠ ˊɘɗŬɜɏɠ 

ˊɖɔɏɠ ŬˊɞŰŮɚɞɨɜ Űɞ əɟɏŬɠ (Hern§ndez et al., 2017) əŬɘ ŰŬ ɚŬɢŬɜɘəɎ (Khan & Cao, 

2012). 

 

1.2.4 ɄŮɟɘɓŬɚɚɞɜŰɘəɐ ɆɡɛˊŮɟɘűɞɟɎ  

 

ȼ ɏɚɝɖ Űɤɜ POPs ɚɧɔɤ Űɖɠ ɡŭɟɧűɞɓɖɠ űɨůɖɠ ůŮ ɚɘˊɩŭŮɘɠ ɘůŰɞɨɠ, ɔɜɤůŰɐ ɤɠ 

ɓɘɞůɡůůɩɟŮɡůɖ, ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ɏəɗŮůɖ ŬəɧɛŬ əŬɘ ůŮ ŬůɐɛŬɜŰŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ɛˊɞɟŮɑ ɛŬəɟɞˊɟɧɗŮůɛŬ ɜŬ ɏɢŮɘ ůɞɓŬɟɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ɡɔŮɑŬ. ɄɟɎɔɛŬŰɘ, ůŰŬŭɘŬəɎ 

ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ɟɨˊɤɜ ɛɏůŬ ůŰɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ ŬɡɝɎɜɞɜŰŬɘ ɢɤɟɑɠ ŬˊŬɟŬɑŰɖŰŬ 

ȺɘəɧɜŬ 1.5 ɄɞɘɞŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ űɞɟŰɑɞɡ Űɤɜ ɏɛɛɞɜɤɜ ɞɟɔŬɜɘəɩɜ ɟɨˊɤɜ (ŬɚɚɎ əŬɘ Ɏɚɚɤɜ ɢɖɛɘəɩɜ 

ɞɡůɘɩɜ) ˊɞɡ ŭɏɢŮŰŬɘ ɏɜŬɠ Ɏɜɗɟɤˊɞɠ əŬɗô 'ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɞɡ. ȼ ɏəɗŮůɖ ɛˊɞɟŮɑ ɜŬ ɝŮəɘɜɐůŮɘ Ŭˊɧ 

Űɖ ɛɐŰɟŬ, ɛɏůɤ Űɖɠ ɏəɗŮůɖɠ Űɖɠ ɛɖŰɏɟŬɠ ůŮ ɟɨˊɞɡɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰŬ ŰɟɧűɘɛŬ ɐ ůŰɞɜ ŬɏɟŬ. ɀŮŰɎ Űɖ 

ɔɏɜɜɖůɖ, ɖ ɏəɗŮůɖ ŮəŭɖɚɩɜŮŰŬɘ ˊɟɩŰŬ ɛɏůɤ Űɞɡ ɗɖɚŬůɛɞɨ (ɛɏɢɟɘ 12-18 ɛɐɜŮɠ ɔŮɜɘəɎ) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɖ 

ɛɧɚɡɜůɖ ůɡɜŮɢɑɕŮŰŬɘ ɛɏůɤ Űɤɜ ůŰŮɟŮɩɜ Űɟɞűɑɛɤɜ Űɤɜ ɞˊɞɑɤɜ ɖ əŬŰŬɜɎɚɤůɖ ɝŮəɘɜɎŮɘ ɛŮŰɎ Űɞɡɠ 6 ɛɐɜŮɠ. 

ȿɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ ɢɟɧɜɞɡ ˊɞɡ ɝɞŭŮɨɞɡɜ ŰŬ ˊŬɘŭɘɎ ůŰɞ ˊɎŰɤɛŬ, ɛˊɞɟɞɨɜ ɜŬ ŮəŰŮɗɞɨɜ ůŮ ɛɞɚɡůɛɏɜɞ ɢɩɛŬ 

ɛɏůɤ Űɖɠ ŮˊŬűɐɠ ɛŮ Űɞ ŭɏɟɛŬ (dermal) Űɞɡɠ ɐ ɚɧɔɤ əŬŰɎˊɞůɖɠ (ingestion). MŮŰɎ Űɖɜ Ůűɖɓɘəɐ ɖɚɘəɑŬ 

ɛˊɞɟŮɑ ɜŬ ɝŮəɘɜɐůŮɘ ɖ ɏəɗŮůɖ ůŰɞɜ ŮˊŬɔɔŮɚɛŬŰɘəɧ ɢɩɟɞ. ɇɏɚɞɠ, ɞ ɛɞɚɡůɛɏɜɞɠ ŬɏɟŬɠ, Űɞ ɜŮɟɧ əŬɘ ɞɘ 

ŮůɤŰŮɟɘəɞɑ ɢɩɟɞɘ ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ɏəɗŮůɖɠ Űɞɡ ůɩɛŬŰɞɠ ůŮ ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɕɤɐɠ (WHO, 

2008).  
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ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ ɏəɗŮůɖɠ. Ƀɘ POPs ŬˊɞɟɟɞűɞɨɜŰŬɘ ŮɨəɞɚŬ ůŰɞɡɠ 

ɚɘˊɩŭŮɘɠ ɘůŰɞɨɠ Űɤɜ ɞɟɔŬɜɘůɛɩɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ əɞɟɡűɐ Űɖɠ Űɟɞűɘəɐɠ ŬɚɡůɑŭŬɠ 

(ɣɎɟɘŬ, ŬɟˊŬəŰɘəɎ ˊɞɡɚɘɎ, ɗɖɚŬůŰɘəɎ, Ɏɜɗɟɤˊɞɘ), ɧˊɞɡ ɞɘ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡɠ 

ɛˊɞɟɞɨɜ ɛɏɢɟɘ əŬɘ ɜŬ ŮəŬŰɞɜŰŬˊɚŬůɘŬůŰɞɨɜ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɤɜ ɢɟɧɜɤɜ (UNEP, 2010, 

2017).  

Ƀɘ POPs ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ ŬˊɞŰŮɚɞɨɜ ɡŭɟɧűɞɓŮɠ əŬɘ 

ɚɘˊɧűɘɚŮɠ ŮɜɩůŮɘɠ. ɆŰɞ ɏŭŬűɞɠ ŰŮɑɜɞɡɜ ɜŬ ŭŮůɛŮɨɞɜŰŬɘ ɛŮ Űɖɜ ɞɟɔŬɜɘəɐ ɨɚɖ əŬɘ ɜŬ 

ˊŬɟŬɛɏɜɞɡɜ ŮɜŰɞˊɘůɛɏɜŮɠ ůŰɞ ɑŭɘɞ ůɖɛŮɑɞ əŬɗɩɠ ɖ ɛŮŰŬűɞɟɎ ɛɏůɤ Űɤɜ ɡˊɧɔŮɘɤɜ 

ɡŭɎŰɤɜ ŮɑɜŬɘ ŮɚɎɢɘůŰɖ. ɆŮ ɡŭɎŰɘɜŬ ˊŮɟɘɓɎɚɚɞɜŰŬ, ŰŮɑɜɞɡɜ ɜŬ ŭŮůɛŮɨɞɜŰŬɘ ɏɜŰɞɜŬ ůŮ 

ůŰŮɟŮɎ ůɤɛŬŰɑŭɘŬ əŬɘ ůɡɜŮˊɩɠ ŬɜɘɢɜŮɨɞɜŰŬɘ ɛɧɜɞ ůŮ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ůŰɖ 

ŭɘŬɚɡɛɏɜɖ űɎůɖ. ȿɧɔɤ Űɞɡ ˊŰɖŰɘəɞɨ ɢŬɟŬəŰɐɟŬ Űɞɡɠ, ŬɡŰɏɠ ɞɘ ŮɜɩůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ 

ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ŬɏɟɘŬ űɎůɖ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŬŰɛɞůűŬɘɟɘəɎ ůɤɛŬŰɑŭɘŬ ɐ 

əŬŰŬɜŮɛɖɛɏɜŮɠ ɛŮŰŬɝɨ ŬɡŰɩɜ Űɤɜ ŭɨɞ űɎůŮɤɜ (OôSullivan & Megson, 2013). ȼ 

ŬŰɛɧůűŬɘɟŬ ŬˊɞŰŮɚŮɑ əŬɘ Űɞ əɨɟɘɞ ɛɏůɞ ɛŮŰŬűɞɟɎɠ ɔɘŬ Űɖɜ ˊŬɔəɧůɛɘŬ əŬŰŬɜɞɛɐ Űɤɜ 

POPs (Lammel et al., 2015; Ruiz-Fern§ndez et al., 2014). 

ȼ ɘəŬɜɧŰɖŰŬ Űɤɜ POPs ɜŬ ŬɜŰɘůŰɏəɞɜŰŬɘ ůŰɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ əŬɘ ɞ ɛŮɔɎɚɞɠ 

ɢɟɧɜɞɠ ɖɛɘɕɤɐɠ Űɞɡɠ, Űɞɡɠ ˊŬɟɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɛŮŰŬűɞɟɎɠ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ŭŮɜ 

ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ˊɞŰɏ ŬɡŰɏɠ ɞɘ ɞɡůɑŮɠ (Z. Zhao et al., 2012) əŬɘ ůŮ ɞɟɘůɛɏɜŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŬɜɘɢɜŮɨɞɜŰŬɘ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ, Ŭəɧɛɖ əŬɘ ůŰɘɠ Ŭɚˊɘəɏɠ əŬɘ ɞɟŮɘɜɏɠ 

ˊŮɟɘɞɢɏɠ, ůŰɖɜ ȷɟəŰɘəɐ, ůŰɖɜ ȷɜŰŬɟəŰɘəɐ əŬɘ ůŰŬ ŬˊɞɛŬəɟɡůɛɏɜŬ ɜɖůɘɎ Űɞɡ 

Ⱥɘɟɖɜɘəɞɨ (Ruiz-Fern§ndez et al., 2014; X. Zhao et al., 2015).  

ȼ ɛŮŰŬűɞɟɎ Űɤɜ POPs ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ. ɆŮ ɛɘŬ ŭɘŬŭɘəŬůɑŬ 

ɔɜɤůŰɐ ɤɠ çűŬɘɜɧɛŮɜɞ Űɖɠ ŬəɟɑŭŬɠè (grasshopper effect), ŬɡŰɎ ŰŬ ɢɖɛɘəɎ ɛŮŰŬˊɖŭɞɨɜ 

ɔɨɟɤ Ŭˊɧ Űɞɜ ˊɚŬɜɐŰɖ. ɀɏůɤ Űɖɠ ŮɝɎŰɛɘůɖɠ, ˊɞɡ ůɡɛɓŬɑɜŮɘ ůŰɞɡɠ ɗŮɟɛɞɨɠ ɢɩɟɞɡɠ, 

ˊŬɟŬůɨɟɞɜŰŬɘ Ŭˊɧ Űɞɜ ɎɜŮɛɞ əŬɘ ŰŬ ůɤɛŬŰɑŭɘŬ ůəɧɜɖɠ əŬɘ ɛŮŰŬűɏɟɞɜŰŬɘ ůŮ ɎɚɚŮɠ 

ˊŮɟɘɞɢɏɠ. Ⱥɜ ůɡɜŮɢŮɑŬ, ůɡɛˊɡəɜɩɜɞɜŰŬɘ ůŮ ŭɟɞůŮɟɎ ůɖɛŮɑŬ ɝŬɜɎ ɛɞɚɨɜɞɜŰŬɠ Űɖ ũɖ. 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ŮˊŬɜŬɚɖűɗŮɑ Ůə ɜɏɞɡ, ɧůɞ Űɖɠ Űɞ ŮˊɘŰɟɏˊɞɡɜ ɞɘ 

ɗŮɟɛɞəɟŬůɘŬəɏɠ ůɡɜɗɐəŮɠ. ȾŬɗɩɠ ɞɘ POPs ŬˊɞɛŬəɟɨɜɞɜŰŬɘ Ŭˊɧ Űɞɜ ɘůɖɛŮɟɘɜɧ, 

ůɡɜŬɜŰɞɨɜ ɣɡɢɟɧŰŮɟŬ əɚɑɛŬŰŬ ɧˊɞɡ ɖ ŮɝɎŰɛɘůɖ Űɞɡɠ ɔɑɜŮŰŬɘ ˊɘɞ ŭɨůəɞɚɖ. ɇɞ 

Ŭɞ́ŰɏɚŮůɛŬ ŮɑɜŬɘ ɛɘŬ ɔŮɜɘəɐ ůɡůůɩɟŮɡůɖ ŬɡŰɩɜ Űɤɜ ɟɨˊɤɜ ˊɟɞɠ Űɞɡɠ ˊɧɚɞɡɠ əŬɘ Űɘɠ 

ɞɟŮɘɜɏɠ ˊŮɟɘɞɢɏɠ ɧˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 1.6 (OôSullivan & Megson, 2013; 

UNEP, 2010). 
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ȼ ɕɤɐ ɔɑɜŮŰŬɘ Ůˊɑůɖɠ ˊɘɞ çɚɘˊŬɟɐè ůŮ ɣɡɢɟɧŰŮɟŬ əɚɑɛŬŰŬ. ɄɟɎɔɛŬŰɘ, ŰŬ ɣɎɟɘŬ, 

ŰŬ ˊɞɡɚɘɎ əŬɘ ŰŬ ɗɖɚŬůŰɘəɎ ɢɟŮɘɎɕɞɜŰŬɘ ˊŬɢɨŰŮɟŬ ůŰɟɩɛŬŰŬ ɚɑˊɞɡɠ ɤɠ űɡůɘəɐ 

ɛɧɜɤůɖ ɔɘŬ ɜŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɜ Űɘɠ ŮɝŬɘɟŮŰɘəɎ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ȾŬŰɎ ůɡɜɏˊŮɘŬ, 

ɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ ɟɨˊɤɜ űŰɎɜŮɘ ůŮ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ ůŮ ŬɡŰɞɨɠ Űɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ. 

Ƀɘ ŬɡŰɧɢɗɞɜŮɠ ˊɚɖɗɡůɛɞɑ ůŰɖɜ ȷɟəŰɘəɐ, Űɤɜ ɞˊɞɑɤɜ ɞɘ ˊŬɟŬŭɞůɘŬəɏɠ ŭɑŬɘŰŮɠ ŮɑɜŬɘ 

ˊɚɞɨůɘŮɠ ůŮ ɚɘˊŬɟɎ ŰɟɧűɘɛŬ əŬɘ ɞɘ ɞˊɞɑɞɘ ůɡɢɜɎ ŭŮɜ ɏɢɞɡɜ ɎɚɚŮɠ ŮɜŬɚɚŬəŰɘəɏɠ ɔɘŬ ɜŬ 

ŰɟŬűɞɨɜ, ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɟɘəɎ Ŭˊɧ ŰŬ ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ POPs. ɄŬɟɧɚɞ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ŮəŬŰɞɜŰɎŭŮɠ ɐ əŬɘ ɢɘɚɘɎŭŮɠ ɢɘɚɘɧɛŮŰɟŬ ɛŬəɟɘɎ Ŭˊɧ ŰŬ ůɖɛŮɑŬ ɧˊɞɡ 

ŬˊŮɚŮɡɗŮɟɩɗɖəŬɜ ŬɡŰɎ ŰŬ ɢɖɛɘəɎ ˊɟɞɥɧɜŰŬ, əŬɘ ůɑɔɞɡɟŬ ŮɚɎɢɘůŰŬ ɤűŮɚɐɗɖəŬɜ Ŭˊɧ 

Űɖɜ Ŭɟɢɘəɐ ɢɟɐůɖ Űɞɨɠ, ŬˊɞŰŮɚɞɨɜ Űɖɜ ɞɛɎŭŬ Ŭɜɗɟɩˊɤɜ ˊɞɡ ɏɢŮɘ ɡˊɞůŰŮɑ Űɖɜ 

ɛŮɔŬɚɨŰŮɟɖ ɕɖɛɘɎ (UNEP, 2010). 

 

ȺɘəɧɜŬ 1.6 ɄɞɚɚŬˊɚɞɑ əɨəɚɞɘ ŮɝɎŰɛɘůɖɠ, ɛŮŰŬűɞɟɎ ɛɏůɤ ŬɏɟŬ əŬɘ ůɡɛˊɨəɜɤůɖ Űɤɜ 

POPs ( űŬɘɜɧɛŮɜɞ Űɖɠ ŬəɟɑŭŬɠ, grasshopper effect). ȿɧɔɤ Űɖɠ ɖɛɘ-ˊŰɖŰɘəɐɠ Űɞɡɠ űɨůɖɠ, 

ɞɘ ɟɨˊɞɘ ɛŮŰŬűɏɟɞɜŰŬɘ ůŮ ˊɞɚɨ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ. ȷɡŰɐ ɖ ˊŰɖŰɘəɧŰɖŰŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ 

ůŰŬ ɕŮůŰɎ ŰɟɞˊɘəɎ Ŭˊ' ɧŰɘ ůŰŬ ɐˊɘŬ ɐ əɟɨŬ əɚɑɛŬŰŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ əŬŰŬɚɐɔɞɡɜ 

ˊŬɔɘŭŮɡɛɏɜɞɘ ůŰŬ ˊɘɞ əɟɨŬ ɛɏɟɖ Űɞɡ ˊɚŬɜɐŰɖ (OôSullivan & Megson, 2013). 
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1.2.5 ȺˊɘˊŰɩůŮɘɠ ůŰɖɜ ɡɔŮɑŬ 

 

ɄɏɟŬɜ Űɤɜ ŮˊɘˊŰɩůŮɤɜ ˊɞɡ ɏɢɞɡɜ ŬɡŰɞɑ ɞɘ ɟɨˊɞɘ ůŰŬ ɞɘəɞůɡůŰɐɛŬŰŬ əŬɘ ůŰɖɜ 

ɓɘɞˊɞɘəɘɚɧŰɖŰŬ, ˊɞɚɚɏɠ ŮɑɜŬɘ əŬɘ ɞɘ ŬɜɖůɡɢɑŮɠ ɔɘŬ Űɖɜ ɡɔŮɑŬ Űɞɡ Ŭɜɗɟɩˊɞɡ. ȳˊɤɠ 

ůɡɛɓŬɑɜŮɘ ɛŮ ˊɞɚɚɞɨɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨɠ ɟɨˊɞɡɠ, ŮɑɜŬɘ ˊɞɚɨ ŭɨůəɞɚɞ ɜŬ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ 

əɎˊɞɘŬ ŬůɗɏɜŮɘŬ ŬˊɞŭɑŭŮŰŬɘ ɎɛŮůŬ ůŰɖɜ ɏəɗŮůɖ ůŮ əɎˊɞɘɞɜ ɐ əɎˊɞɘɞɡɠ 

ůɡɔəŮəɟɘɛɏɜɞɡɠ POPs. ȼ ŭɡůəɞɚɑŬ ŬɡŰɐ ɡˊɞɔɟŬɛɛɑɕŮŰŬɘ ˊŮɟŬɘŰɏɟɤ Ŭˊɧ Űɞ ɔŮɔɞɜɧɠ 

ɧŰɘ ɞɘ ɟɨˊɞɘ ŬɡŰɞɑ ůˊɎɜɘŬ ŬɜɘɢɜŮɨɞɜŰŬɘ ɛɧɜɞɘ Űɞɡɠ ŬɚɚɎ ŬɜŰɑɗŮŰŬ əɡəɚɞűɞɟɞɨɜ ˊɞɚɚɞɑ 

ɛŬɕɑ, əŬɘ ɞɘ ŭɘɎűɞɟŮɠ ɛŮɚɏŰŮɠ ˊŮŭɑɞɡ ŮɑɜŬɘ ŬɜŮˊŬɟəŮɑɠ ɔɘŬ ɜŬ ˊŬɟɎůɢɞɡɜ ŬɡŰɞŰŮɚɐ 

ŬˊɞŭŮɘəŰɘəɎ ůŰɞɘɢŮɑŬ ŬɘŰɑɞɡ əŬɘ ŬˊɞŰŮɚɏůɛŬŰɞɠ (Van et al., 2011; WHO, 2008). 

ȼ ɏəɗŮůɖ Űɤɜ ɓɟŮűɩɜ ůŮ ŰɏŰɞɘŮɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ, ˊɟɞɔŮɜɜɖŰɘəɎ ɐ 

ɛŮŰŬɔŮɜɜɖŰɘəɎ, ɏɢŮɘ ůɡɜŭŮɗŮɑ ɛŮ ŭɘɎűɞɟŬ ˊɟɞɓɚɐɛŬŰŬ ɡɔŮɑŬɠ, Ŭˊɧ ɡˊŬɜɎˊŰɡɝɖ (Iszatt 

et al., 2015) əŬɘ ˊŬɢɡůŬɟəɑŬ, ɛɏɢɟɘ əŬɘ ŭɘŬŰŬɟŬɢɏɠ Űɖɠ ɡɣɖɚɐɠ ŬɟŰɖɟɘŬəɐɠ ˊɑŮůɖɠ 

(Vafeiadi et al., 2015) əŬɘ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ ɜŮɡɟɘəɩɜ (Nikolaivits et al., 

2017), ŬɜɞůɞˊɞɘɖŰɘəɩɜ əŬɘ ŬɜŬˊɜŮɡůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ (Gascon et al., 2013). ȳˊɤɠ 

ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɘɞ ˊɎɜɤ, ɖ ɖɚɘəɑŬ ŬɡŰɐ ŬˊɞŰŮɚŮɑ Űɖɜ ˊɘɞ Ůˊɘəɑɜŭɡɜɖ űɎůɖ Űɖɠ ɕɤɐɠ 

Űɞɡ Ŭɜɗɟɩˊɞɡ, əŬɗɩɠ ɧɚŬ ŰŬ ɧɟɔŬɜŬ əŬɘ ůɡůŰɐɛŬŰŬ Űɞɡ ŮɑɜŬɘ ɡˊɧ ŬɜɎˊŰɡɝɖ. ȺəŰɧɠ 

Ŭˊɧ ŰŬ ɓɟɏűɖ, ɞɘ POPs ˊɟɞəŬɚɞɨɜ ŬɟəŮŰɎ ˊɟɞɓɚɐɛŬŰŬ ɡɔŮɑŬɠ əŬɘ ůŰɞɡɠ ŮɜɐɚɘəŮɠ. ȼ 

ɏəɗŮůɖ ůŮ ŬɡŰɞɨɠ Űɞɡɠ ɟɨˊɞɡɠ ɏɢŮɘ ůɡɜŭŮɗŮɑ ɛŮ Űɖɜ əŬɟəɘɜɞɔɏɜŮůɖ (Boada et al., 2012; 

Lim et al., 2015; Mitro et al., 2016) əŬɘ ŭɘɎűɞɟŮɠ ɛŮŰŬɓɞɚɘəɏɠ ŬůɗɏɜŮɘŮɠ (Reaves et al., 

2015; Ruzzin, 2012) ɧˊɤɠ ŭɘŬɓɐŰɖ Űɨˊɞɡ 2 (Jaacks & Staimez, 2015), Ůɜɩ ɏɢɞɡɜ 

ŬɜŬűŮɟɗŮɑ əŬɘ ˊɞɚɡɎɟɘɗɛŮɠ ůɡɜŭɏůŮɘɠ ɛŮ ŬɟɜɖŰɘəɏɠ ŮˊɘˊŰɩůŮɘɠ ůŰɖɜ ɡɔŮɑŬ ɧˊɤɠ 

ŬɚɚŮɟɔɑŮɠ əŬɘ ɡˊŮɟŮɡŬɘůɗɖůɑŬ, ɓɚɎɓɖ ůŰɞ əŮɜŰɟɘəɧ əŬɘ ůŰɞ ˊŮɟɘűŮɟɘəɧ ɜŮɡɟɘəɧ 

ůɨůŰɖɛŬ, ŬɜŬˊŬɟŬɔɤɔɘəɏɠ ŭɘŬŰŬɟŬɢɏɠ əŬɘ ŭɘŬŰɎɟŬɝɖ Űɞɡ ŬɜɞůɞˊɞɘɖŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ  

(Arrebola et al., 2015; Grindler et al., 2015; Vested et al., 2014). 

 

1.2.6 ɇŬ ˊɞɚɡɢɚɤɟɘɞɛɏɜŬ ŭɘűŬɘɜɨɚɘŬ  

 

ɇŬ ˊɞɚɡɢɚɤɟɘɤɛɏɜŬ ŭɘűŬɘɜɨɚɘŬ (PCBs, Polychlorinated biphenyls) ŮɑɜŬɘ ɛɘŬ 

ɞɛɎŭŬ ɢɚɤɟɘɤɛɏɜɤɜ ŬɟɤɛŬŰɘəɩɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ůɡɜɗŮŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ ˊɞɡ 

Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ POPs. ɄŬɟɎɔɞɜŰŬɘ ɛŮ ɢɚɤɟɑɤůɖ Űɞɡ ŭɘűŬɘɜɡɚɑɞɡ, Űɞ 

ɞˊɞɑɞ ɏɢŮɘ ůɡɜɞɚɘəɎ ŭɏəŬ ŭɘŬɗɏůɘɛŮɠ ɗɏůŮɘɠ ɔɘŬ Űɖɜ ˊɟɞůɗɐəɖ Űɤɜ ŬŰɧɛɤɜ ɢɚɤɟɑɞɡ 

əŬɘ ŬɡŰɧ ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ůɡɜɞɚɘəɎ ŭɘŬəɞůɑɤɜ ŮɜɜɘɎ (209) 

ŭɘŬűɞɟŮŰɘəɩɜ ŮɜɩůŮɤɜ (ŮɘəɧɜŬ 1.7). Ƀɘ ŮɜɩůŮɘɠ ŬɡŰɏɠ əŬɚɞɨɜŰŬɘ ůɡɛˊŬɟɎɔɤɔŬ əŬɘ ɖ 
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ŭɘŬűɞɟɎ Űɞɡɠ Ŭˊɧ ŰŬ ɘůɞɛŮɟɐ ŮɑɜŬɘ ɧŰɘ, ɘůɞɛŮɟɐ əŬɚɞɨɜŰŬɘ ɛɧɜɞ ŰŬ ůɡɛˊŬɟɎɔɤɔŬ ˊɞɡ 

ɏɢɞɡɜ Űɞɜ ɑŭɘɞ Ŭɟɘɗɛɧ ŬŰɧɛɤɜ ɢɚɤɟɑɞɡ (ŭɖɚ. ɑŭɘɞ ůɡɜŰŬəŰɘəɧ Űɨˊɞ), ŬɚɚɎ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ (Carpenter, 2006; Kimbrough, 2015; Safe & Hutzinger, 2017). ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, Űɞ PCB 29 ɐ 2,4,5-ɇɟɘɢɚɤɟɞŭɘűŬɘɜɨɚɘɞ ŬˊɞŰŮɚŮɑ ɏɜŬ Ŭˊɧ ŰŬ 209 

ůɡɛˊŬɟɎɔɤɔŬ ɔɘŬ ŰŬ ɞˊɞɑɞ ɞɘ ɡˊɞəŬŰɎůŰŬŰŮɠ ɢɚɤɟɑɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɘɠ ɗɏůŮɘɠ 3, 4 əŬɘ 

6 ɧˊɤɠ ŬɡŰɏɠ ŬˊŬɟɘɗɛɞɨɜŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 7. 

 

 

ɇŬ PCBs ŮɑɢŬɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ŮűŬɟɛɞɔɩɜ, ɛɏɢɟɘ Űɖɜ 

ŬˊŬɔɧɟŮɡůɐ Űɞɡɠ ůŰŬ ɛɏůŬ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ '70, əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ŬɜɘɢɜŮɨɞɜŰŬɘ 

ůŮ ˊɞɚɚɎ ɓɘɞɚɞɔɘəɎ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ŭŮɑɔɛŬŰŬ Ŭəɧɛɖ əŬɘ ůɐɛŮɟŬ. ɀŮɟɘəɏɠ Ŭˊɧ Űɘɠ 

ŮűŬɟɛɞɔɏɠ ŬɡŰɏɠ ɐŰŬɜ ɖ ɢɟɐůɖ Űɞɡɠ ůŬɜ ŭɘɖɚŮəŰɟɘəɎ ɡɔɟɎ ůŮ ˊɡəɜɤŰɏɠ əŬɘ 

ɖɚŮəŰɟɘəɞɨɠ ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ,  ůŬɜ ˊɟɧůɗŮŰŬ ɢɟɤɛɎŰɤɜ, ɛŮɚŬɜɘɩɜ əŬɘ ˊɚŬůŰɘəɩɜ, 

ůŬɜ ɡŭɟŬɡɚɘəɎ ɡɔɟɎ əŬɘ ɎɚɚŬ. ɇŬ PCBs ɐŰŬɜ Űɧůɞ ŭɘŬŭŮŭɞɛɏɜŬ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ 

Űɞ 96% Űɞɡ ˊŬɔəɧůɛɘɞɡ ˊɚɖɗɡůɛɞɨ ɏɢŮɘ ŮəŰŮɗŮɑ ůŮ ŬɡŰɎ ŮɑŰŮ ɛɏůɤ ɛɞɚɡůɛɏɜɤɜ 

Űɟɞűɑɛɤɜ ɐ Ɏɚɚɤɜ ŭɘŮɟɔŬůɘɩɜ ɧˊɤɠ ɛɏůɤ Űɖɠ ůɡɜŰɐɟɖůɖɠ ɖɚŮəŰɟɘəɩɜ 

ɛŮŰŬůɢɖɛŬŰɘůŰɩɜ (Carpenter, 2006; Safe & Hutzinger, 2017). 

 

 

 

ȺɘəɧɜŬ 1.7 ɉɖɛɘəɐ ŭɞɛɐ Űɞɡ ɛɞɟɑɞɡ PCB. Ƀɘ 10 ɗɏůŮɘɠ ŬɟɘɗɛɞɨɜŰŬɘ Ŭˊɧ 2 ɏɤɠ 6 ůŰɞɜ ɏɜŬ 

ŭŬəŰɨɚɘɞ (ŬɟɘůŰŮɟɎ) əŬɘ 2 'ɏɤɠ 6' ůŰɞɜ ŭŮɨŰŮɟɞ ŭŬəŰɨɚɘɞ (ŭŮɝɘɎ). ɇŬ ɛɧɟɘŬ ɢɚɤɟɑɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ŬɜŰɘəŬŰŬůŰɐůɞɡɜ ŰŬ ɡŭɟɞɔɧɜŬ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŭɏəŬ ɗɏůŮɘɠ. ȺɎɜ ŭŮɜ ɡˊɎɟɢɞɡɜ 

ɢɚɩɟɘŬ ůŮ ɞɟɗɞ ɗɏůŮɘɠ (2,2 ', 6,6'), ŰɧŰŮ Űɞ ɛɧɟɘɞ ɡˊɎɟɢŮɘ əɡɟɑɤɠ ůŮ ŮˊɑˊŮŭɖ ɛɞɟűɐ, Ůɜɩ Ŭɜ 

ɡˊɎɟɢɞɡɜ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŬ ɢɚɩɟɘŬ ůŮ ɞɟɗɞ-ɗɏůŮɘɠ, ŰɧŰŮ Űɞ ɛɧɟɘɞ ɚŬɛɓɎɜŮɘ ɛɘŬ ŰɟɘůŭɘɎůŰŬŰɖ 

ŭɘŬɛɧɟűɤůɖ. ŪŮɤɟɖŰɘəɎ ɡˊɎɟɢɞɡɜ 209 ŭɘŬűɞɟŮŰɘəɏɠ ŮɜɩůŮɘɠ PCBs, ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Ŭɟɘɗɛɧ əŬɘ 

Űɖɜ ɗɏůɖ Űɤɜ ɢɚɤɟɑɤɜ ůŰɞ ɛɧɟɘɞ (Carpenter, 2006). 
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1.3 ȷɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ɟɨˊɤɜ əŬɘ  ŮɛˊɧŭɘŬ ůŰɖɜ ŮűŬɟɛɞɔɐ ŮɜŬɚɚŬəŰɘəɩɜ ɚɨůŮɤɜ  

 

1.3.1 ȷɜŰɘɛŮŰɩˊɘůɖ 

 

Ƀɘ əɡɓŮɟɜɐůŮɘɠ ŬɜŬˊŰɨůůɞɡɜ əŬɜɞɜɘůɛɞɨɠ əŬɘ ůɡůŰɎůŮɘɠ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ 

Űɖɠ ŭɖɛɧůɘŬɠ ɡɔŮɑŬɠ. Ƀɘ əŬɜɞɜɘůɛɞɑ əŬɘ ɞɘ ůɡůŰɎůŮɘɠ ŬɡŰɏɠ ɛˊɞɟɞɨɜ ɜŬ ŮəűɟɎɕɞɜŰŬɘ 

ɤɠ óŮˊɘŰɟŮˊŰɎ ŮˊɑˊŮŭŬô ůŰɞɜ ŬɏɟŬ, Űɞ ɜŮɟɧ, Űɞ ɏŭŬűɞɠ ɐ ŰŬ ŰɟɧűɘɛŬ (Murray & Wong, 

1999). ũɑɜɞɜŰŬɘ ůɡɜŮɢɩɠ ˊɟɞůˊɎɗŮɘŮɠ ŮɝɎɚŮɘɣɖɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ, ɢɟɐůɖɠ, 

ŬˊŮɚŮɡɗɏɟɤůɖɠ əŬɘ ŬˊɞɗɐəŮɡůɖɠ Űɤɜ ŭɘɎűɞɟɤɜ ɏɛɛɞɜɤɜ ɟɨˊɤɜ.  

Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ Ŭˊɧ ŬɡŰɞɨɠ Űɞɡɠ ˊŬɟŬɔɧɛŮɜɞɡɠ ɞɟɔŬɜɘəɞɨɠ ɟɨˊɞɡɠ ɏɢɞɡɜ 

ůŰŬɛŬŰɐůŮɘ ɎɛŮůŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛŮ ŮɚɎɢɘůŰŮɠ ŮɝŬɘɟɏůŮɘɠ. ɇŬ PCBs ŬˊɞŰŮɚɞɨɜ 

ɛɘŬ ůɖɛŬɜŰɘəɐ ŮɝŬɑɟŮůɖ. Ⱥɜɩ ɖ ˊŬɟŬɔɤɔɐ Űɞɡɠ ɏɢŮɘ ůŰŬɛŬŰɐůŮɘ, ɖ ɢɟɐůɖ Űɞɡɠ 

ŮˊɘŰɟɏˊŮŰŬɘ ɛɏɢɟɘ əŬɘ Űɞ 2025 ɔɘŬ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɧŰɘ ŰŬ PCBs ɗŬ Ŭˊɞɟɟɘűɗɞɨɜ ɛŮ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ɞɟɗɧ Űɟɧˊɞ. Ƀɘ ŮɜɩůŮɘɠ ŬɡŰɏɠ ɛˊɞɟɞɨɜ ɜŬ ŮɝŬɚŮɘűɗɞɨɜ, ŬɚɚɎ ŬɡŰɧ 

ŬˊŬɘŰŮɑ ˊɟɧůɗŮŰŬ ɢɟɐɛŬŰŬ əŬɘ ŰŮɢɜɞɔɜɤůɑŬ. ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ˊɞɚɨ 

ˊŮɟɘɞɟɘůɛɏɜɖ əŬɘ ˊɟɞůŮəŰɘəɎ ŮɚŮɔɢɧɛŮɜɖ ɢɟɐůɖ ɞɟɘůɛɏɜɤɜ ɟɨˊɤɜ ŮɑɜŬɘ ŮˊɘŰɟŮˊŰɐ. 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ DDT ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɧɜɞ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ 

űɞɟɏɤɜ ŬůɗŮɜŮɘɩɜ ɧˊɤɠ ŰŬ əɞɡɜɞɨˊɘŬ ˊɞɡ ɛŮŰŬŭɑŭɞɡɜ Űɖɜ ŮɚɞɜɞůɑŬ. ɆɐɛŮɟŬ, ůɢŮŭɧɜ 

əŬɛɑŬ ɢɩɟŬ ŭŮɜ ɣŮəɎɕŮɘ Űɞ DDT ůŮ əŬɚɚɘɏɟɔŮɘŮɠ, ŬɚɚɎ ˊɎɜɤ Ŭˊɧ 20 ɢɩɟŮɠ Űɞ 

ɢɟɖůɘɛɞˊɞɘɞɨɜ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ əŬɘ ˊŮɟɘɞɟɘůɛɧ Űɖɠ ŮɚɞɜɞůɑŬɠ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ, 

ɛɘŬ ɡˊŮɟɓɞɚɘəɎ ɔɟɐɔɞɟɖ ŬˊŬɔɧɟŮɡůɖ Űɞɡ DDT ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɏɢŮɘ ɡɣɖɚɧ əɧůŰɞɠ ůŮ 

ŬɜɗɟɩˊɘɜŮɠ ɕɤɏɠ. 

ɇɏɚɞɠ, ɖ ɏɟŮɡɜŬ əŬɘ ɖ ůŰɧɢŮɡůɖ ɜɏɤɜ Ůˊɘəɑɜŭɡɜɤɜ ɞɡůɘɩɜ ŬˊɞŰŮɚŮɑ ˊɞɚɨ 

ůɖɛŬɜŰɘəɧ ɏɟɔɞ ɔɘŬ Űɖɠ ŬɟɛɧŭɘŮɠ Ŭɟɢɏɠ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ ɛɘŬɠ ŮˊɘůŰɖɛɞɜɘəɎ 

ŬɡůŰɖɟɐɠ ŭɘŬŭɘəŬůɑŬɠ əŬɘ ŮɝŬůűŬɚɑɕŮɘ ɧŰɘ ɞɘ ɢɖɛɘəɏɠ ŬɡŰɏɠ ˊɟɞŰŮɘɜɧɛŮɜŮɠ ɞɡůɑŮɠ ɗŬ 

ŮɝŮŰŬůŰɞɨɜ Ŭəɧɛɖ əŬɘ Ŭɜ ɡˊɎɟɢŮɘ ɏɚɚŮɘɣɖ ŮˊɘůŰɖɛɞɜɘəɩɜ ůŰɞɘɢŮɑɤɜ ůɢŮŰɘəɎ ɛŮ Űɖ 

ɓɚɎɓɖ ˊɞɡ ˊɟɞəŬɚɞɨɜ (UNEP, 2012). ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ Űɘ ůɡɛɓŬɑɜŮɘ ůŰɞ ŭɘəŬůŰɐɟɘɞ, 

ɧˊɞɡ ɏɜŬ ɎŰɞɛɞ ŮɑɜŬɘ Ŭɗɩɞ ɛɏɢɟɘ ɜŬ ŬˊɞŭŮɘɢɗŮɑ ɏɜɞɢɞɠ, ɞɘ ɢɖɛɘəɏɠ ɞɡůɑŮɠ ˊɞɡ ŮɑɜŬɘ 

ɨˊɞˊŰŮɠ ɔɘŬ ɓɘɞůɡůůɩɟŮɡůɖ, ŮəŰŮŰŬɛɏɜɖ ˊŬɟɞɡůɑŬ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ˊɘɗŬɜɐ 

ŭɘŬŰŬɟŬɢɐ Űɖɠ ɡɔŮɑŬɠ Űɤɜ Ŭɜɗɟɩˊɤɜ əŬɘ Űɤɜ ɕɩɤɜ ŭŮɜ Ŭɝɑɕɞɡɜ ŬɡŰɧ Űɞ Ůɑŭɞɠ 

ˊɟɞůŰŬůɑŬɠ. 
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1.3.2 ȺɛˊɧŭɘŬ 

 

ũɘŬ ɞɟɘůɛɏɜɞɡɠ POPs, ɖ ɛŮŰɎɓŬůɖ ůŮ ŬůűŬɚɏůŰŮɟŮɠ ɚɨůŮɘɠ ŬˊŬɘŰŮɑ 

ˊŮɟɘůůɧŰŮɟɖ ˊɟɞůˊɎɗŮɘŬ. Ƀɘ ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŬəɟɘɓɧŰŮɟŮɠ əŬɘ ɖ 

əŬŰŬůəŮɡɐ əŬɘ ɖ ɢɟɐůɖ Űɞɡɠ ˊɘɞ ˊŮɟɑˊɚɞəɖ. ȷɡŰɧ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɗɏůŮɘ Űɘɠ 

ŬɜŬˊŰɡůůɧɛŮɜŮɠ ɢɩɟŮɠ ůŮ ɛɘŬ ŭɡůɢŮɟɐ ɗɏůɖ əŬɗɩɠ ŰŮɑɜɞɡɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬɡŰɧ 

ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ əŬɘ ŬˊɏɜŬɜŰɘ ůŰɞ ɞˊɞɑɞ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰŬˊŮɝɏɚɗɞɡɜ ɞɘəɞɜɞɛɘəɎ. 

ɄɟɏˊŮɘ Ůˊɑůɖɠ ɜŬ ŮɝŬůűŬɚɘůɗŮɑ ɧŰɘ ɞɘ ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ ŭŮɜ ɏɢɞɡɜ Űɘɠ ɑŭɘŮɠ ɘŭɘɧŰɖŰŮɠ 

ɛŮ Űɞɡɠ POPs ˊɞɡ ŬɜŰɘəŬɗɘůŰɞɨɜ. ȷɜ əŬɘ ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ŮəŰɘɛɖɗɞɨɜ ˊɚɐɟɤɠ ɞɘ 

ŭɡɜɖŰɘəɞɑ əɑɜŭɡɜɞɘ Űɤɜ ŮɜŬɚɚŬəŰɘəɩɜ ɚɨůŮɤɜ, ɖ ŬɜŰɘəŬŰɎůŰŬůɖ Űɤɜ POPs ŭŮɜ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ɞŭɖɔɐůŮɘ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ Ɏɚɚɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (UNEP, 2010). 

ȯɚɚŬ ŮɛˊɧŭɘŬ ůŰɖɜ ɡɘɞɗŮůɑŬ ŮɜŬɚɚŬəŰɘəɩɜ ɚɨůŮɤɜ  ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ 

Ůɜɖɛɏɟɤůɖ, Űɖɜ ŮəˊŬɑŭŮɡůɖ əŬɘ Űɖɜ əŬŰɎɟŰɘůɖ Űɤɜ ŮɛˊɚŮəɧɛŮɜɤɜ űɞɟɏɤɜ. ɄɟɎɔɛŬŰɘ, 

ɖ ŮəˊŬɑŭŮɡůɖ əŬɘ ɖ əŬŰɎɟŰɘůɖ ɔɘŬ Űɘɠ ˊŬɚŬɘɧŰŮɟŮɠ ŮɜɩůŮɘɠ ɧůɞ əŬɘ ɔɘŬ Űɘɠ ˊɘɗŬɜɏɠ 

ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ ɧɚɞɡɠ ůŰɖɜ ŬɚɡůɑŭŬ ˊŬɟŬɔɤɔɐɠ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ɛŮɛɞɜɤɛɏɜɤɜ ɢɟɖůŰɩɜ əŬɘ ˊɤɚɖŰɩɜ. ɄɞɚɚɎ ɎŰɞɛŬ ŭŮɜ 

ůɡɜŮɘŭɖŰɞˊɞɘɞɨɜ ˊɧůɞ ŮˊɘəɑɜŭɡɜŬ ŮɑɜŬɘ ŰŬ ˊŬɚŬɘɧŰŮɟŬ ɢɖɛɘəɎ ˊɟɞɥɧɜŰŬ, ˊɞɘŮɠ 

ŮɜŬɚɚŬəŰɘəɏɠ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŮɠ əŬɘ ˊɩɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɜ ŬɡŰɏɠ Űɘɠ 

ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ ŬˊɞŰŮɚŮůɛŬŰɘəɎ (Van et al., 2011). ɀɧɜɞ ɛŮ Űɖɜ ůɡɛɛŮŰɞɢɐ ɧɚɤɜ 

Űɤɜ ŮɛˊɚŮəɧɛŮɜɤɜ ˊŬɟŬɔɧɜŰɤɜ ůŮ ɛɘŬ Ůɜɞˊɞɘɖɛɏɜɖ ŮəůŰɟŬŰŮɑŬ ɗŬ ɛˊɞɟɏůŮɘ ɞ əɧůɛɞɠ 

ɜŬ ŬˊŬɚɚŬɔŮɑ Ŭˊɧ ŬɡŰɞɨɠ Űɞɡɠ Ůˊɘəɑɜŭɡɜɞɡɠ ɟɨˊɞɡɠ (UNEP, 2010). 
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ȾŮűɎɚŬɘɞ 2 ȸɘɞŮɝɡɔɑŬɜůɖ  

 

ȷˊɧ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 1970 ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɘŬ ˊŬɔəɧůɛɘŬ ŮˊɘɗɡɛɑŬ ɔɘŬ Űɖɜ 

ŮɨɟŮůɖ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ˊɟŬəŰɘəɩɜ ˊɞɡ ɛŮɘɩɜɞɡɜ Űɖ ɟɨˊŬɜůɖ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɡˊɐɟɢŮ 

ɛɘŬ ŬɡɝŬɜɧɛŮɜɖ ɕɐŰɖůɖ ɔɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ ɐŭɖ ɛɞɚɡůɛɏɜɤɜ ˊŮɟɘɞɢɩɜ. ȼ 

ˊɟɞůŰŬůɑŬ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ ɡɔŮɑŬɠ əŬɘ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Ŭˊɧ Űɖ ɓɘɞɛɖɢŬɜɘəɐ ɟɨˊŬɜůɖ 

ŬˊɞŰŮɚŮɑ ůɐɛŮɟŬ ɛɘŬ əɞɘɜɤɜɘəɐ ŮˊɘŰŬɔɐ. ȹŮŭɞɛɏɜɖɠ Űɖɠ ŰɞɝɘəɧŰɖŰŬɠ əŬɘ Űɤɜ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ Ŭɜɖůɡɢɘɩɜ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞɡɠ ɢɖɛɘəɞɨɠ ɟɨˊɞɡɠ, ɏɢŮɘ 

əŬŰŬɓɚɖɗŮɑ ɛŮɔɎɚɖ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɟɧˊɤɜ ŬˊɞɛɎəɟɡɜůɖɠ ŭɘɎűɞɟɤɜ 

ɟɨˊɤɜ Ŭˊɧ ŰŬ ɞɘəɞůɡůŰɐɛŬŰŬ. ȷɡŰɏɠ ɞɘ ŰŮɢɜɘəɏɠ ˊɞɘəɑɚɞɡɜ Ŭˊɧ Űɖɜ Ŭˊɚɐ űɡůɘəɐ 

ŬˊɞɛɎəɟɡɜůɖ (ˊ.ɢ. ɡɔŮɘɞɜɞɛɘəɐ ŰŬűɐ) ɛɏɢɟɘ əŬɘ ˊɘɞ ŭŬˊŬɜɖɟɏɠ ŮˊŮɝŮɟɔŬůɑŮɠ ɧˊɤɠ ɖ 

ŬˊɞŰɏűɟɤůɖ. ɆɡɢɜɎ ŬɡŰɏɠ ɞɘ ŰŮɢɜɘəɏɠ ŭŮɜ ŬűŬɘɟɞɨɜ ˊɚɐɟɤɠ Űɖɜ ɟɡˊɞɔɧɜɞ ɞɡůɑŬ ɐ 

ɛˊɞɟŮɑ ɜŬ Ŭűɐůɞɡɜ ˊɑůɤ əɎˊɞɘɞ Űɞɝɘəɧ ɡˊɧɚŮɘɛɛŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŬˊɞɟɟɘűɗŮɑ ɛŮ 

Ɏɚɚɞɡɠ Űɟɧˊɞɡɠ. ȼ ɘəŬɜɧŰɖŰŬ Űɤɜ ɛɘəɟɞɓɑɤɜ ɜŬ ɓɘɞŬˊɞɘəɞŭɞɛɞɨɜ4 ɞɟɔŬɜɘəɏɠ 

ɟɡˊŬɜŰɘəɏɠ ɞɡůɑŮɠ əŬɘ ɜŬ Űɘɠ ɛŮŰŬŰɟɏˊɞɡɜ ůŮ ŬəɑɜŭɡɜŬ ůɡůŰŬŰɘəɎ (ɜŮɟɧ əŬɘ ŭɘɞɝŮɑŭɘɞ 

Űɞɡ ɎɜɗɟŬəŬ) ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ɤɠ ɛɏůɞ ɓɘɞɚɞɔɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ ɛɞɚɡůɛɏɜɤɜ ˊŮɟɘɞɢɩɜ. 

ɆɐɛŮɟŬ, ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɚɚɩɜ ŮɟŮɡɜɖŰɘəɩɜ ɛŮɚŮŰɩɜ əŬɘ ŮűŬɟɛɞɔɩɜ əŬɘ ŮɑɜŬɘ 

ɖ ɓɎůɖ ɔɘŬ Űɞ ŬɜŬŭɡɧɛŮɜɞ ˊŮŭɑɞ Űɖɠ ɓɘɞŮɝɡɔɑŬɜůɖɠ (Alexander, 1999; Vidali, 2001). 

ȼ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɓɘɞŮɝɡɔɑŬɜůɖɠ ɓŬůɑɕŮŰŬɘ ůŮ Ůɜɕɡɛɘəɏɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ 

ɛɘəɟɞɓɑɤɜ ɛŮ ůəɞˊɧ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ əŬɘ Űɖɜ ɡˊɞɓɎɗɛɘůɖ Űɤɜ ɟɡˊɞɔɧɜɤɜ ɞɡůɘɩɜ. 

ɄɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ ŭɘŬűɧɟɤɜ ɛɖɢŬɜɘůɛɩɜ, ɧˊɤɠ ɖ ɓɘɞůɡůůɤɛɎŰɤůɖ, ɖ 

ɓɘɞŬˊɞɘəɞŭɧɛɖůɖ, ɖ ɓɘɞůɡůůɩɟŮɡůɖ əŬɘ ɞ ɛŮŰŬɓɞɚɘůɛɧɠ Űɤɜ ɟɡˊɞɔɧɜɤɜ ɛɞɟɑɤɜ. ȼ 

ɓɘɞŮɝɡɔɑŬɜůɖ, ɘŭɑɤɠ ɧŰŬɜ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ óin situô, ŬˊɞŰŮɚŮɑ ɏɜŬ 

ɞɘəɞɜɞɛɘəɧ ɛɏůɞ ŬˊɞɛɎəɟɡɜůɖɠ ˊɞɚɚɩɜ ɢɖɛɘəɩɜ ɟɨˊɤɜ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ ŭɡůɛŮɜɩɠ 

Űɖɜ Ŭɜɗɟɩˊɘɜɖ ɡɔŮɑŬ ɐ Űɖɜ ˊɞɘɧŰɖŰŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ŮˊɘŰɎɢɡɜůɖ 

Űɖɠ űɡůɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ɓɘɞŬˊɞɘəɞŭɧɛɖůɖɠ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ŬˊɞŰŮɚŮɑ ɛɘŬ ˊɟɎůɘɜɖ 

ɚɨůɖ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ɟɨˊɤɜ, ˊɟɞəŬɚɩɜŰŬɠ ŮɚɎɢɘůŰŮɠ ɏɤɠ əŬɘ 

əŬɗɧɚɞɡ ˊɟɧůɗŮŰŮɠ ɞɘəɞɚɞɔɘəɏɠ ŮˊɘˊŰɩůŮɘɠ (Atlas & Philp, 2005; Lovley, 2003; Atlas 

& Philp, 2005). 

                                                           
4 ȼ ɓɘɞŬˊɞɘəɞŭɧɛɖůɖ ŮɑɜŬɘ ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞɜ ŬɜŬəɡəɚɩɜɞɜŰŬɘ ŰŬ ŬˊɧɓɚɖŰŬ ůŰɖ űɨůɖ ɐ ŭɘŬůˊɎŰŬɘ ɖ 
ɞɟɔŬɜɘəɐ ɨɚɖ ůŮ ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ŭˊɧ ɞɟɔŬɜɘůɛɞɨɠ. "ȷˊɞɘəɞŭɧɛɖůɖ" 

ůɖɛŬɑɜŮɘ ŬˊɞůɨɜɗŮůɖ əŬɘ Űɞ ˊɟɧɗŮɛŬ "ɓɘɞ-" ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ŬˊɞůɨɜɗŮůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ ɛɘŬ ŰŮɟɎůŰɘŬ 

ˊɞɘəɘɚɑŬ ɓŬəŰɖɟɑɤɜ, ɛɡəɐŰɤɜ, ŮɜŰɧɛɤɜ əŬɘ Ɏɚɚɤɜ ɞɟɔŬɜɘůɛɩɜ ˊɞɡ ŰɟɩɜŮ ɜŮəɟɐ ɨɚɖ əŬɘ ŬɜŬəɡəɚɩɜɞɡɜ Űɘɠ ɜɏŮɠ 

ɛɞɟűɏɠ. 
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ɀɘəɟɞɞɟɔŬɜɘůɛɞɑ ɧˊɤɠ ɛɨəɖŰŮɠ əŬɘ ɓŬəŰɐɟɘŬ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞɘəɞŭɞɛɐůɞɡɜ 

əŬɘ ɜŬ ŭɘŬůˊɎůɞɡɜ ɏɜŬ Ůɡɟɨ űɎůɛŬ ɛɞɟɑɤɜ űɡůɘəɐɠ ɐ ůɡɜɗŮŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ. Ƀ 

ɡɣɖɚɧɠ ɟɡɗɛɧɠ ŬɜɎˊŰɡɝɐɠ Űɞɡɠ , ŰŬ ˊɞɚɨˊɚɞəŬ ŮɜɕɡɛɘəɎ ůɡůŰɐɛŬŰŬ ˊɞɡ ŭɘŬɗɏŰɞɡɜ 

əŬɗɩɠ əŬɘ ŰŬ ŭɘɎűɞɟŬ ůɡůŰɐɛŬŰŬ ɏəəɟɘůɖɠ Űɞɡɠ, Űɞɡɠ əŬɗɘůŰɞɨɜ ɘůɎɝɘɞɡɠ 

ŬɜŰɘəŬŰŬůŰɎŰŮɠ, Ŭɜ ɧɢɘ əŬɘ əŬɚɨŰŮɟɞɡɠ, Ŭˊɧ Ɏɚɚɞɡɠ ɢɖɛɘəɞɨɠ əŬɘ űɡůɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ ŬˊɞəŬŰɎůŰŬůɖɠ (Sardrood et al., 2004). Ƀɘ ɞɟɔŬɜɘůɛɞɑ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ŮűŬɟɛɞɔɏɠ ɓɘɞŮɝɡɔɑŬɜůɖɠ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜ Űɘɠ ŬəɧɚɞɡɗŮɠ 

ŬˊŬɘŰɐůŮɘɠ : (Ŭ) ˊɟɏˊŮɘ ɜŬ ŭɘŬɗɏŰɞɡɜ ŰŬ əŬŰɎɚɚɖɚŬ ɏɜɕɡɛŬ ˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ 

Űɖɜ ŭɘŬŭɘəŬůɑŬ, (ɓ) ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ, ɜŬ Ůˊɘɓɘɩůɞɡɜ, əŬɘ ɜŬ 

ŭŮɑɝɞɡɜ Űɖ ɓɘɞŭɟŬůŰɘəɧŰɖŰŬ Űɞɡɠ ɡˊɧ ůɡɜɗɐəŮɠ ɛɧɚɡɜůɖɠ, (ɔ) ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ 

ɜŬ ŬɚɚɖɚŮˊɘŭɟɎůɞɡɜ ɛŮ Űɖɜ ɟɡˊɞɔɧɜɞ ɞɡůɑŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɖ ŭɘŬɚɡŰɐ ůŮ 

ɡŭŬŰɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ ɐ ˊɟɞůɟɞűɖɛɏɜɖ ůŮ ůŰŮɟŮɏɠ ŮˊɘűɎɜŮɘŮɠ, (ŭ) Űɞ ɡˊɧůŰɟɤɛŬ Űɞɡ 

ɟɨˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛɞ Ŭˊɧ ŰŬ ŮɛˊɚŮəɧɛŮɜŬ ɏɜɕɡɛŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ɓɘɞŮɝɡɔɑŬɜůɖɠ, (Ů) ɞ ɟɨˊɞɠ əŬɘ Űɞ ůɨůŰɖɛŬ Űɤɜ Ůɜɕɨɛɤɜ ˊɟɏˊŮɘ ɜŬ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ 

ŮɑŰŮ əɎˊɞɡ ɛɏůŬ ɐ ɏɝɤ Ŭˊɧ Űɞ əɨŰŰŬɟɞ, (ůŰ) Űɏɚɞɠ, ˊɟɏˊŮɘ ɜŬ ɡˊɎɟɢɞɡɜ ɐ ɜŬ ˊŬɟɏɢɞɜŰŬɘ 

ɞɘ əŬŰɎɚɖɚŮɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɞɡ ˊɚɖɗɡůɛɞɨ Űɞɡ ɛɘəɟɞɞɟɔŬɜůɘɛɞɨ 

(Alexander, 1999).  

 

2.1 ȼ ŬɜɎɔəɖ ɔɘŬ ɓɘɞŮɝɡɔɑŬɜůɖ 

 

Ƀɘ əɡɟɘɧŰŮɟɞɘ ɚɧɔɞɘ ɔɘŬ Űɖɜ ɓɘɞŮɝɡɔɑŬɜůɖ Űɤɜ ɛɞɚɡůɛɏɜɤɜ ɡŭɎŰɤɜ əŬɘ Űɞɡ 

ŮŭɎűɞɡɠ Ŭűɞɟɞɨɜ ŬɟɢɘəɎ ŬɜɖůɡɢɑŮɠ ůɢŮŰɘɕɧɛŮɜŮɠ ɛŮ Űɖ ŭɖɛɧůɘŬ ɡɔŮɑŬ, Ůɜɩ ɖ 

ŭɘŬŰɐɟɖůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɏɟɢŮŰŬɘ ůŮ ŭŮɨŰŮɟɖ ɛɞɑɟŬ. ɇɞ əŬɗŬɟɧ ɜŮɟɧ ŮɑɜŬɘ 

ɞɡůɘŬůŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖ ɔŮɤɟɔɑŬ əŬɘ Űɖ ɓɘɞɛɖɢŬɜɑŬ, əŬɘ ɔɘŬ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ 

ɢɩɟŮɠ Űɞ ɜŮɟɧ ŮɑɜŬɘ ɏɜŬɠ ˊɧɟɞɠ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊŬɟŬɛŮɑɜŮɘ 

ŬˊŬɚɚŬɔɛɏɜɞɠ Ŭˊɧ ɟɨˊɞɡɠ. ȼ ŭɘŬŰɐɟɖůɖ ŬůűŬɚɩɜ ŬˊɞɗŮɛɎŰɤɜ ˊɧůɘɛɞɡ ɜŮɟɞɨ 

ŬˊɞŰŮɚŮɑ ɛŮɑɕɞɜ ˊɟɧɓɚɖɛŬ ɡɔŮɑŬɠ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ. ɇɞ ɑŭɘɞ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɞ ɏŭŬűɞɠ. 

ȷəɧɛɖ əŬɘ ɞɘ ɢɩɟŮɠ ɛŮ ˊɞɚɨ ɛŮɔɎɚŮɠ ŮəŰɎůŮɘɠ ɔɖɠ ůŰɖɜ ŭɘɎɗŮůɖ Űɞɡɠ  ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ 

ůɖɛŬɜŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ ŮɝŬɘŰɑŬɠ Űɖɠ ɛɧɚɡɜůɖɠ Űɞɡ ŮŭɎűɞɡɠ, əɎŰɘ ˊɞɡ ˊɟɞəŬɚŮɑ 

ůɞɓŬɟɧ ɞɘəɞɜɞɛɘəɧ əŬɘ ŬɜŬˊŰɡɝɘŬəɧ ŬɜŰɑəŰɡˊɞ. ȼ ŬɜɎɔəɖ ŮűŬɟɛɞɔɐɠ ɞɘəɞɜɞɛɘəɎ 

ŬˊɞŭɞŰɘəɩɜ ŰŮɢɜɞɚɞɔɘɩɜ ɔɘŬ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ɟɨˊɤɜ ŮɑɜŬɘ 

ˊɚɏɞɜ ŮˊɘŰŬəŰɘəɐ (Atlas & Philp, 2005). 
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2.2 ɄŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖ ɓɘɞŮɝɡɔɑŬɜůɖ 

 

ȼ ŮɡɟɨŰŮɟɖ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ɟɨˊɤɜ ɔɑɜŮŰŬɘ ůŮ ŭɨɞ 

əŬŰɖɔɞɟɑŮɠ: ɞɟɔŬɜɘəɞɑ əŬɘ ŬɜɧɟɔŬɜɞɘ. Ƀɘ ɞɟɔŬɜɘəɞɑ ɟɨˊɞɘ ˊɞɡ ŮɜŭɘŬűɏɟɞɡɜ 

ˊŮɟɘůůɧŰŮɟɞ ŮɑɜŬɘ ɞɘ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ůŰɘɠ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ Űɞɡɠ. Ƀɘ ŰɟŮɘɠ əɨɟɘŮɠ 

əŬŰɖɔɞɟɑŮɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ (ŬɚŮɘűŬŰɘəɞɑ, ŬɚŮɘəɡəɚɘəɞɑ əŬɘ ŬɟɤɛŬŰɘəɞɑ 

ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ) ŭɘŬűɏɟɞɡɜ ɤɠ ˊɟɞɠ Űɖ ɓɘɞŭɘŬůˊŬůɘɛɧŰɖŰŬ Űɞɡɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ 

ɛɏɔŮɗɞɠ əŬɘ Űɖ ŭɘŬɚɡŰɧŰɖŰɎ Űɞɡɠ. ŪŮɤɟŮɑŰŬɘ ɧŰɘ ɛɧɜɞ ɛɧɟɘŬ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ˊɞɡ 

ŭɘŬɚɨɞɜŰŬɘ ůŰɖɜ ɡŭŬŰɘəɐ űɎůɖ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ɔɘŬ ŮɜŭɞəɡŰŰŬɟɘəɧ ɛŮŰŬɓɞɚɘůɛɧ. Ƀ 

ɟɡɗɛɧɠ ɛŮ Űɞɜ ɞˊɞɑɞ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ɞɟɔŬɜɘəɐ ɏɜɤůɖ ŭɘŬɚɨŮŰŬɘ ůŰɞ ɜŮɟɧ ŬˊɞŰŮɚŮɑ 

əɟɑůɘɛɞ ˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖ ɓɘɞŬˊɞŭɞɛɖůɘɛɧŰɖŰŬ Űɖɠ, əŬɗɩɠ ŬɡŰɧɠ ɟɡɗɛɑɕŮɘ Űɞ ɟɡɗɛɧ 

ɛŮŰŬűɞɟɎɠ Űɖɠ ɞɡůɑŬɠ ůŰɞɜ ɞɟɔŬɜɘůɛɧ (Sikkema et al., 1995).  

ɆŰɧɢɞɠ Űɤɜ ɛɖɢŬɜɘəɩɜ ŮɑɜŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɤɜ űɡůɘəɩɜ əŬɘ ɢɖɛɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ ˊɞɡ ŮɑɜŬɘ ůɖɛŬɜŰɘəɞɑ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ. Ʉɞɚɚɏɠ 

ɛɞɚɡůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɗɟŮˊŰɘəɩɜ 

ůɡůŰŬŰɘəɩɜ (ˊ.ɢ. ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ŬɕɩŰɞɡ əŬɘ űɤůűɧɟɞɡ), ŬɡɝɖɛɏɜŮɠ ɐ ɢŬɛɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ əŬɘ ˊŬɟɞɡůɑŬ Ůɜɧɠ Ůɡɟɏɞɠ űɎůɛŬŰɞɠ Ɏɚɚɤɜ ɟɨˊɤɜ, ɧˊɤɠ ɓŬɟŮɎ 

ɛɏŰŬɚɚŬ. ȳɚŬ ŬɡŰɎ ɛˊɞɟɞɨɜ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɓɘɞŮɝɡɔɑŬɜůɖɠ ɛŮ Űɖɜ 

ŬɜŬůŰɞɚɐ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ. 

Ƀɘ ŮűŬɟɛɞɔɏɠ ɓɘɞŮɝɡɔɑŬɜůɖɠ ˊŮɟɘɞɢɩɜ ůɡɢɜɎ ůɢŮŭɘɎɕɞɜŰŬɘ ɩůŰŮ ɜŬ 

ɝŮˊŮɟɎůɞɡɜ ŬɡŰɞɨɠ Űɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ. ȽŭɘŬɑŰŮɟɖɠ ůɖɛŬůɑŬɠ ŮɑɜŬɘ Űɞ pȼ, Űɞ ŭɡɜŬɛɘəɧ 

ɞɝŮɘŭɞŬɜŬɔɤɔɐɠ, ɖ ˊŬɟɞɢɐ ɞɝɡɔɧɜɞɡ, ɖ ɡɔɟŬůɑŬ, ɖ ɗŮɟɛɞəɟŬůɑŬ, ŰŬ ŬɜɧɟɔŬɜŬ 

ɗɟŮˊŰɘəɎ ůŰɞɘɢŮɑŬ, ɖ ɘəŬɜɧŰɖŰŬ ŬɜŰŬɚɚŬɔɐɠ əŬŰɘɧɜŰɤɜ, ɖ ɓɘɞŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ɟɨˊɤɜ 

əŬɘ Űɞ ˊɞɟɩŭŮɠ Űɞɡ ŮŭɎűɞɡɠ. ɇŬ ˊŮɟɘůůɧŰŮɟŬ ɛɞɚɡůɛɏɜŬ ŮŭɎűɖ ˊŮɟɘɏɢɞɡɜ 

əŬŰɎɚɚɖɚɞɡɠ ˊɚɖɗɡůɛɞɨɠ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɔɘŬ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ əɎˊɞɘɞɡ ɟɨˊɞɡ, 

ˊŬɟɧɚŬ ŬɡŰɎ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬɛŮɑɜɞɡɜ ɛɞɚɡůɛɏɜŬ ɔɘŬ ŭŮəŬŮŰɑŮɠ ɐ əŬɘ ˊŮɟɘůůɧŰŮɟɞ, 

ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɤɜ ůɡɜɗɖəɩɜ ˊɞɡ ŮˊɘəɟŬŰɞɨɜ əŬɘ ɞɘ ɞˊɞɑŮɠ ŭŮɜ Ůɡɜɞɞɨɜ Űɖɜ ŰŬɢŮɑŬ 

ɓɘɞŬˊɞɘəɞŭɧɛɖůɖ ˊɞɚɨˊɚɞəɤɜ ɛɞɟɑɤɜ. 

ɆɡɢɜɎ ɞ ůɖɛŬɜŰɘəɧŰŮɟɞɠ ˊŬɟɎɔɞɜŰŬɠ ˊɞɡ ˊŮɟɘɞɟɑɕŮɘ ŰŬ ˊɞůɞůŰɎ ɓɘɞŭɘɎůˊŬůɖɠ 

ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ŮɑɜŬɘ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɞɡ ɛɞɟɘŬəɞɨ ɞɝɡɔɧɜɞɡ. ɇŬ ŬɟɢɘəɎ ɏɜɕɡɛŬ Űɖɠ 

ŬŮɟɧɓɘŬɠ ˊɟɞůɓɞɚɐɠ ůŮ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ŮɑɜŬɘ ɞɘ ɞɝɡɔŮɜɎůŮɠ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ŬɜɎɔəɖ 

Ŭˊɧ ɞɝɡɔɧɜɞ. ȼ ˊŬɟɞɢɐ ŬɏɟŬ ɐ ɞɝɡɔɧɜɞɡ ůŮ ɛɞɚɡůɛɏɜŬ ŮŭɎűɖ ɐ ɨŭŬŰŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ 

ŭɨůəɞɚɖ ɔɘŬ ˊɞɚɚɞɨɠ ɚɧɔɞɡɠ, ɧˊɤɠ Űɞ ˊɞɟɩŭŮɠ. Ⱥˊɑůɖɠ, ɖ ůɢŮŰɘəɎ ɢŬɛɖɚɐ 
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ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ɞɝɡɔɧɜɞɡ ůŰɞ ɜŮɟɧ ŮɑɜŬɘ ɏɜŬɠ ůɖɛŬɜŰɘəɧɠ ˊŮɟɘɞɟɘůŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ 

(Atlas & Philp, 2005). 

ȷɜ əŬɘ ɞɘ ŬɜŬŮɟɧɓɘɞɘ ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛŮŰŬɓɞɚɑɕɞɡɜ 

ɞɟɔŬɜɘəɏɠ ɟɡˊɞɔɧɜŮɠ ɞɡůɑŮɠ, Űɞ ɞɝɡɔɧɜɞ ŬˊɞŰŮɚŮɑ ůɡɢɜɎ ŬɜŬˊɧůˊŬůŰɞ ɛɏɟɞɠ Űɖɠ 

ɞɝŮɑŭɤůɖɠ ˊɞɚɚɩɜ ɞɟɔŬɜɘəɩɜ ɟɨˊɤɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ. 

ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŮɟŮɡɜɎŰŬɘ ˊɟɘɜ Ŭˊɧ ɞˊɞɘŬŭɐˊɞŰŮ ŮˊɘɢŮɑɟɖůɖ, ŮɎɜ ɞ ŮəɎůŰɞŰŮ ɟɨˊɞɠ 

ɗŬ ɛŮŰŬůɢɖɛŬŰɘůŰŮɑ ŰŬɢɨŰŮɟŬ əɎŰɤ Ŭˊɧ ŬŮɟɧɓɘŮɠ ɐ ŬɜŬŮɟɧɓɘŮɠ ůɡɜɗɐəŮɠ əŬɘ Ŭɜ Űɞ 

əɧůŰɞɠ ˊŬɟɞɢɐɠ ɞɝɡɔɧɜɞɡ ŬɜŰɘůŰŬɗɛɑɕŮŰŬɘ Ŭˊɧ ɛɘŬ ŬˊɞŭŮəŰɐ Ŭɨɝɖůɖ ůŰɞɜ ɟɡɗɛɧ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɞɡ ɟɨˊɞɡ (Atlas & Philp, 2005; Margesin & Schinner, 2001). 

ȺɑɜŬɘ Ůˊɑůɖɠ ŬˊŬɟŬɑŰɖŰɞ ɞɘ ɛɞɚɡůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɖ ɓɏɚŰɘůŰɖ 

ɗŮɟɛɞəɟŬůɑŬ, əŬɗɩɠ ɞɘ ɡˊŮɟɓɞɚɘəɎ ɡɣɖɚɏɠ ɐ ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ Ůɛˊɞŭɑɕɞɡɜ 

ɛŮɟɘəɏɠ űɞɟɏɠ Űɞɜ ɛŮŰŬɓɞɚɘůɛɧ Űɤɜ ɛɘəɟɞɓɑɤɜ. ȰɜŬ ůŰɞɘɢŮɑɞ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ 

ɡˊɧɣɘɜ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŮɑɜŬɘ ɧŰɘ ɖ ŭɘŬɚɡŰɧŰɖŰŬ əŬɘ ɖ 

ɓɘɞŭɘŬɗŮůɘɛɧŰɖŰŬ ɛɑŬɠ ɟɡˊɞɔɧɜɞɡ ɏɜɤůɖɠ ŬɡɝɎɜɞɜŰŬɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ɞɝɡɔɧɜɞɡ ˊɞɡ ɛŮɘɩɜŮŰŬɘ, ɔŮɔɞɜɧɠ 

ˊɞɡ ŬűɐɜŮɘ ɚɘɔɧŰŮɟɞ ŭɘŬɗɏůɘɛɞ ɞɝɡɔɧɜɞ ɔɘŬ Űɞɜ ɛɘəɟɞɓɘŬəɧ ɛŮŰŬɓɞɚɘůɛɧ (Margesin & 

Schinner, 2001).  

ɆŮ ɛɖ ɛɞɚɡůɛɏɜŮɠ əŬɘ ɛɖ ɔŮɤɟɔɘəɏɠ ˊŮɟɘɞɢɏɠ, ŰŬ ɞɟɡəŰɎ ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɞɡ ŬɕɩŰɞɡ, Űɞɡ űɤůűɧɟɞɡ əŬɘ Űɞɡ əŬɚɑɞɡ (N, P, K), ůˊŬɜɑɤɠ 

ŬˊɞŰŮɚɞɨɜ ˊŮɟɘɞɟɘůŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. ɋůŰɧůɞ, ɧŰŬɜ ɏɜŬ ˊŮɟɘɓɎɚɚɞɜ ɛɞɚɨɜŮŰŬɘ ɛŮ 

ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ, ɞ ɚɧɔɞɠ C: N ɛˊɞɟŮɑ ɜŬ ŬɡɝɖɗŮɑ ŭɟŬɛŬŰɘəɎ əŬɘ ɜŬ ɔɑɜŮɘ ˊŬɟɎɔɞɜŰŬɠ 

ˊŮɟɘɞɟɘůɛɞɨ Űɞɡ ɟɡɗɛɞɨ ůŰɖɜ ɓɘɞŬˊɞəŬŰɎůŰŬůɖ (Atagana & Haynes, 2003; Breedveld 

& Sparrevik, 2000). ȷɡŰɏɠ ɞɘ ɗɟŮˊŰɘəɏɠ ɞɡůɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɏɢɞɜŰŬɘ ůŰɞɡɠ 

ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ ˊɟɞůɗɏŰɞɜŰŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ (ɢɩɛŬ ɐ ɜŮɟɧ) ɏɜŬ ŬɜɧɟɔŬɜɞ ɚɑˊŬůɛŬ, 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, űɤůűɞɟɘəɧ Ŭɛɛɩɜɘɞ ɐ ɛŮɑɔɛŬ Ɏɚɚɤɜ ŬɚɎŰɤɜ ɧˊɤɠ ɏɜŬɠ ůɡɜŭɡŬůɛɧɠ 

ɗŮɘɘəɞɨ Ŭɛɛɤɜɑɞɡ əŬɘ űɤůűɞɟɘəɞɨ ŬůɓŮůŰɑɞɡ. Ⱥˊɘˊɚɏɞɜ, ɞɟɔŬɜɘəɎ ɡɚɘəɎ ɧˊɤɠ ɞůŰɎ 

ɣŬɟɘɩɜ əŬɘ əɞˊɟɘɎ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŬˊɞŰŮɚɏůɞɡɜ ˊɖɔɐ ɗɟŮˊŰɘəɩɜ ɞɡůɘɩɜ. ɆŮ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ, ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŮűŬɟɛɞůŰŮɑ ɖ ůɤůŰɐ ɘůɞɟɟɞˊɑŬ əŬɘ ůɡɔəɏɜŰɟɤůɖ 

ɗɟŮˊŰɘəɩɜ ɞɡůɘɩɜ ůŰɞ ɛɞɚɡůɛɏɜɞ ɡɚɘəɧ, əŬɗɩɠ ɖ ɚŬɜɗŬůɛɏɜɖ ŬɜŬɚɞɔɑŬ ɎɜɗɟŬəŬ ˊɟɞɠ 

ɎɕɤŰɞ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ɛɘəɟɐ ɐ əŬɘ ɛɖŭŮɜɘəɐ Ŭɨɝɖůɖ Űɖɠ ɛɘəɟɞɓɘŬəɐɠ 

ŬɜɎˊŰɡɝɖɠ (Atagana & Haynes, 2003). 
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2.3 ȼ ɔŮɜŮŰɘəɐ ɛɖɢŬɜɘəɐ ůŰŬ ɢɏɟɘŬ Űɖɠ ɓɘɞŮɝɡɔɑŬɜůɖɠ  

 

ȿɧɔɤ Űɖɠ ˊŮɟɘɞɟɘůɛɏɜɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ Űɤɜ ŬɟɤɛŬŰɘəɩɜ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ 

əŬɘ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ɢɚɤɟɘɤɛɏɜɤɜ ŮɜɩůŮɤɜ, ŬˊŬɘŰɞɨɜŰŬɘ ˊɞɚɨˊɚɞəŬ ɓɘɞɢɖɛɘəɎ 

ɛɞɜɞˊɎŰɘŬ ɔɘŬ Űɖ ɓɘɞŭɘɎůˊŬůɖ Űɞɡɠ. ȷɡŰɎ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖ ůɨɜɗŮůɖ ˊɞɚɚŬˊɚɩɜ 

Ůɜɕɨɛɤɜ əŬɘ Űɖɜ ɘəŬɜɧŰɖŰɎ Űɞɡɠ ɜŬ ŭɟɞɡɜ ůɡɜŬɟŰɐůŮɘ Űɖɠ ůɤůŰɐɠ ŬɚɚɖɚɞɡɢɑŬɠ ɔɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ Űɖɠ ɛŮŰŬŰɟɞˊɐɠ Űɞɡ ɡŭɟɞɔɞɜɎɜɗɟŬəŬ ůŮ ɏɜŬɜ əŮɜŰɟɘəɧ ɛŮŰŬɓɞɚɑŰɖ (ŮɘəɧɜŬ 

1.8). 

 

ȼ ɔŮɜŮŰɘəɐ ɛɖɢŬɜɘəɐ Űɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ 

ůŰŬɗŮɟɞˊɞɑɖůɖ əŬɘ Ŭɨɝɖůɖ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ ɟɡɗɛɞɨ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ, Ŭɨɝɖůɖ Űɞɡ 

űɎůɛŬŰɞɠ ŭɟɎůɖɠ Űɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ əŬɘ ŬɜɎˊŰɡɝɖ ŬůűŬɚɩɜ ɛɘəɟɞɓɘŬəɩɜ 

ůɡůŰɖɛɎŰɤɜ (Paknikar et al., 1998). H ˊɟɧɞŭɞɠ Űɖɠ ɛɞɟɘŬəɐɠ ɓɘɞɚɞɔɑŬɠ əŬɘ ɖ 

ŭɘŬɗŮůɘɛɧŰɖŰŬ ŰŮɢɜɘəɩɜ ɔɘŬ Űɞ ɢŮɘɟɘůɛɧ Űɞɡ DNA, ɏɢɞɡɜ əɎɜŮɘ ŮűɘəŰɐ Űɖɜ əŬŰŬůəŮɡɐ 

ŮɘŭɘəɎ ůɢŮŭɘŬůɛɏɜɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɔɘŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ůɡɔəŮəɟɘɛɏɜɤɜ 

ŬˊɞɓɚɐŰɤɜ. ɁɏŬ ɔɞɜɑŭɘŬ ŬɜŬəŬɚɨˊŰɞɜŰŬɘ ůɡɜŮɢɩɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 

ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ əŬɘɜɞɨɟɔɘɤɜ ŬˊɞɘəɞŭɞɛɖŰɘəɩɜ ɞŭɩɜ ɔɘŬ ɜɏŮɠ ůɡɜɗŮŰɘəɏɠ ŮɜɩůŮɘɠ, 

ȺɘəɧɜŬ 1.8 ȸŬəŰɖɟɘŬəɧɠ ɛŮŰŬɓɞɚɘůɛɧɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ůŮ əŮɜŰɟɘəɞɨɠ ɛŮŰŬɓɞɚɑŰŮɠ. ȰɜŬɠ 

ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ɡŭɟɞɔɞɜŬɜɗɟɎəɤɜ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɛɧɚɘɠ ŭɨɞ ɓŬůɘəɎ ŮɜŭɘɎɛŮůŬ ˊɟɞɥɧɜŰŬ, Űɖɜ 

əŬŰŮɢɧɚɖ (catechol) əŬɘ Űɞ ˊɟɞŰɞəŬŰŮɢɞɡɘəɧ (protocatechuate) (ŬɟɘůŰŮɟɧ ɛɏɟɞɠ). ɆŰɖ ůɡɜɏɢŮɘŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ůɢɎůɖ Űɞɡ ŭŬəŰɡɚɑɞɡ əŬɘ ŰŬ ˊɟɞɥɧɜŰŬ ůɢɎůɖɠ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ɛŮ Űɖ ůŮɘɟɎ 

Űɞɡɠ ůŮ əŮɜŰɟɘəɞɨɠ ɛŮŰŬɓɞɚɑŰŮɠ (ŭŮɝɑ ɛɏɟɞɠ) (TCA= ɇɟɘəŬɟɓɞɝɡɚɘəɧ ɞɝɨ (tricarboxylic acid); 

CoA=ůɡɜɏɜɕɡɛɞ ȷ (coenzyme A)) (Atlas & Philp, 2005). 
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Ůɜɩ ŮɑɜŬɘ Ůˊɑůɖɠ ŭɡɜŬŰɧ ɜŬ ŮɘůŬɢɗɞɨɜ ɘəŬɜɧŰɖŰŮɠ ɓɘɞŬˊɞɘəɞŭɧɛɖůɖɠ ˊɞɡ ŭŮɜ ɡˊɐɟɢŬɜ 

ˊɟɘɜ (Atlas & Philp, 2005; Dua et al., 2002). 

Ƀɘ ůɡɛɓŬŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ɔɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ ˊŮɟɘɞɢɩɜ ˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɛɧɚɡɜůɖ Ŭˊɧ ˊɞɚɚŬˊɚɞɨɠ ɟɨˊɞɡɠ ɛŮ Űɖɜ ɢɟɐůɖ űɡůɘəɞɢɖɛɘəɩɜ ɐ 

ɗŮɟɛɘəɩɜ ɛŮɗɧŭɤɜ ɛˊɞɟɞɨɜ ɜŬ ɞŭɖɔɐůɞɡɜ ůŰɞ ůɢɖɛŬŰɘůɛɧ ɎɔɜɤůŰɤɜ Űɞɝɘəɩɜ 

ŮɜŭɘɎɛŮůɤɜ (Dua et al., 2002). ȰŰůɘ, ɔɘŬ Űɖɜ ŬɜŰɘɟɨˊŬɜůɖ ŰɏŰɞɘɤɜ ˊŮɟɘɞɢɩɜ  ɛˊɞɟŮɑ ɜŬ 

ˊɟɞŰɘɛɖɗŮɑ ɖ ɢɟɐůɖ ɔŮɜŮŰɘəɎ Űɟɞˊɞˊɞɘɖɛɏɜɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɚɧɔɤ Űɤɜ ɘŭɘŬɑŰŮɟɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ŬɡŰɩɜ əŬɘ Űɤɜ ůɢŮŭɘŬɕɧɛŮɜɤɜ (əŬɘ ɧɢɘ 

ɎɔɜɤůŰɤɜ) ɛŮŰŬɓɞɚɘəɩɜ ɞŭɩɜ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ (Furukawa, 2003; Pieper & Reineke, 

2000). ɋůŰɧůɞ, ɞɘ ɔŮɜŮŰɘəɎ Űɟɞˊɞˊɞɘɖɛɏɜɞɘ ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ ŭŮɜ ɏɢɞɡɜ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬəɧɛŬ Ůɡɟɏɤɠ ůŮ ŮűŬɟɛɞɔɏɠ ŬˊɞəŬŰɎůŰŬůɖɠ ŮɑŰŮ ŮˊŮɘŭɐ ŭŮɜ ɏɢɞɡɜ 

űŰɎůŮɘ ŬəɧɛŬ ůŮ ůŰɎŭɘɞ ŰŮɚŮɘɧŰɖŰŬɠ ŮɑŰŮ ɚɧɔɤ ˊŮɟɘɞɟɘůŰɘəɩɜ əŬɜɧɜɤɜ (Paknikar et 

al., 1998). 

 

2.4 ȸɘɞŬˊɞɘəɞŭɧɛɖůɖ ŬɚŮɘűŬŰɘəɩɜ əŬɘ ŬɟɤɛŬŰɘəɩɜ Ŭɚɞɔɞɜɞɨɢɤɜ ŮɜɩůŮɤɜ 

 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ, ɛŮŰŬɝɨ Űɤɜ ŭɘɎűɞɟɤɜ 

ɞɟɔŬɜɘəɩɜ ɟɨˊɤɜ, ɞɘ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ ŮɑɜŬɘ ŬɡŰɞɑ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ Űɞ ɛŮɔŬɚɨŰŮɟɞ 

ŮɜŭɘŬűɏɟɞɜ ůŰɘɠ ŮűŬɟɛɞɔɏɠ Űɖɠ ɓɘɞŮɝɡɔɑŬɜůɖɠ, ŮɘŭɘəɧŰŮɟŬ ŬɡŰɞɑ ˊɞɡ ŭɘŬɗɏŰɞɡɜ 

ŬɚɞɔɧɜŬ ůŰɞ ɛɧɟɘɧ Űɞɡɠ. Ƀɘ ŬɚŮɘűŬŰɘəɏɠ əŬɘ ŬɟɤɛŬŰɘəɏɠ ŬɚɞɔɞɜɞɨɢŮɠ ŮɜɩůŮɘɠ 

ˊŬɟɞɡůɘɎɕɞɡɜ ůŰŬɗŮɟɧŰɖŰŬ ɚɧɔɤ Űɤɜ ŭŮůɛɩɜ ɎɜɗɟŬəŬ-Ŭɚɞɔɧɜɞɡ ˊɞɡ ŭɘŬɗɏŰɞɡɜ. 

ɆɡɜŮˊɩɠ, ɖ ŭɘɎůˊŬůɖ Űɤɜ ŭŮůɛɩɜ ŬɡŰɩɜ ŬˊɞŰŮɚŮɑ əɟɑůɘɛɞ ůŰɎŭɘɞ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ 

ɓɘɞŬˊɞɘəɞŭɧɛɖůɖɠ. ȼ ɓɘɞŬˊɞɘəɞŭɧɛɖůɖ Űɤɜ Ŭɚɞɔɞɜɞɨɢɤɜ ŬɟɤɛŬŰɘəɩɜ ŮɜɩůŮɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ŬűŬɑɟŮůɖ Űɤɜ ŬŰɧɛɤɜ Ŭɚɞɔɧɜɞɡ ŮɑŰŮ ˊɟɘɜ ŮɑŰŮ ɛŮŰɎ Űɖɜ 

ŭɘɎůˊŬůɖ Űɞɡ ŬɟɤɛŬŰɘəɞɨ ŭŬəŰɡɚɑɞɡ. ɋůŰɧůɞ, ɔɘŬ ɡɣɖɚɎ ɡˊɞəŬŰŮůŰɖɛɏɜŮɠ 

ŬɚɞɔɞɜɞɨɢŮɠ ŮɜɩůŮɘɠ, ɧˊɤɠ Űɞ ˊŮɜŰŬɢɚɤɟɞűŬɘɜɧɚɘɞ əŬɘ əɎˊɞɘŬ PCBs, ɖ ŬűŬɑɟŮůɖ 

ŰɞɡɚɎɢɘůŰɞɜ əɎˊɞɘɞɜ ŬŰɧɛɤɜ Ŭɚɞɔɧɜɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ˊɟɘɜ Űɖɜ ŭɘɎůˊŬůɖ Űɞɡ 

ŭŬəŰɡɚɑɞɡ. ɇɞ ůŰɎŭɘɞ Űɖɠ ŭɘɎůˊŬůɖɠ Űɞɡ ŭŬəŰɡɚɑɞɡ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɧ əŬɗɩɠ 

ŭɘɎůˊŬůɖ ůŮ ɗɏůɖ óɛɏŰŬô ůɡɜɐɗɤɠ ɞŭɖɔŮɑ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŬəɡɚŬɚɞɔɞɜɘŭɑɤɜ 

(acylhalides) ɤɠ ɛŮŰŬɓɞɚɑŰŮɠ Ŭŭɘɏɝɞŭɞɡ, Ůɜɩ ŭɘɎůˊŬůɖ ůŮ ɗɏůɖ óɧɟɗɞô ɞŭɖɔŮɑ ůŮ ɏɜŬ 

ˊŬɟŬɔɤɔɘəɧ ɛɞɜɞˊɎŰɘ ɓɘɞŬˊɞɘəɞŭɧɛɖůɖɠ (Haggblom & Bossert, 2004).  
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2.4.1 ȹɘɎůˊŬůɖ Űɞɡ ŭŮůɛɞɨ ɎɜɗɟŬəŬ-Ŭɚɞɔɧɜɞɡ 

 

Ƀ ŭŮůɛɧɠ ɎɜɗɟŬəŬ-Ŭɚɞɔɧɜɞɡ ɛˊɞɟŮɑ ɜŬ ŭɘŬůˊŬůŰŮɑ ŮɑŰŮ ɛŮ ŬɡɗɧɟɛɖŰɖ 

ŬűŬɚɞɔɧɜɤůɖ (spontaneous dehalogenation) ɛɏůɤ ˊŬɟŬɔɤɔɐɠ ŬůŰŬɗɩɜ ŮɜŭɘɎɛŮůɤɜ 

əŬɘ ŰɡɢŬɑɤɜ ŬɜŰɘŭɟɎůŮɤɜ, ŮɑŰŮ ɛŮ Ůɜɕɡɛɘəɐ ŬűŬɚɞɔɧɜɤůɖ (enzymatic dehalogenation). 

ȼ ŬɡɗɧɟɛɖŰɖ ŬűŬɚɞɔɧɜɤůɖ ůɡɛɓŬɑɜŮɘ ɚɧɔɞ Űɖɠ ɢɖɛɘəɐɠ ŬˊɞůɨɜɗŮůɖɠ ŬůŰŬɗɩɜ 

ŮɜŭɘŬɛɏůɤɜ ɛŮŰɎ Űɖɜ ŭɘɎůˊŬůɖ Űɞɡ ŭŬəŰɡɚɑɞɡ Űɤɜ ɢɚɤɟɘɤɛɏɜɤɜ ŬɟɤɛŬŰɘəɩɜ 

ŮɜɩůŮɤɜ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɏɢŮɘ ˊŬɟŬŰɖɟɖɗŮɑ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ 

Űɞɡ ɔ-ŮɝŬɢɚɤɟɞəɡəɚɞŮɝŬɜɑɞɡ (gammahexachlorocyclohexane) ɧˊɞɡ ɖ 1,2-

ŭɘɞɝɡɔŮɜɎůɖ Űɖɠ ɢɚɤɟɞ-ɦŭɟɞəɘɜɧɜɖɠ  (chlorohydroquinone-1,2-dioxygenase) 

əŬŰŬɚɨŮɘ Űɖɜ ŭɘɎůˊŬůɖ Űɖɠ ɢɚɤɟɞ-ɦŭɟɞəɘɜɧɜɖɠ (chlorohydroquinone) ůŮ ɏɜŬ 

Ŭəɡɚɞɢɚɤɟɑŭɘɞ ˊɞɡ ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ɛŬɚŮɥɜɘəɧ ɞɝɨ (maleylacetate) ɛŮ ŬˊŮɚŮɡɗɏɟɤůɖ 

ɡŭɟɞɢɚɤɟɑɞɡ (Arora & Bae, 2014; Susanne Fetzner & Lingens, 1994).  

ȳůɞɜ ŬűɞɟɎ Űɖɜ ŮɜɕɡɛɘəɎ əŬŰŬɚɡɧɛŮɜɖ ŬűŬɚɞɔɧɜɤůɖ Űɤɜ ŬɚŮɘűŬŰɘəɩɜ əŬɘ 

ŬɟɤɛŬŰɘəɩɜ Ŭɚɞɔɞɜɞɨɢɤɜ ŮɜɩůŮɤɜ ɏɢɞɡɜ ŬɜŬɔɜɤɟɘůŰŮɑ ŭɘɎűɞɟɞɘ ɛɖɢŬɜɘůɛɞɑ. ȷɡŰɞɑ 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ: (1) ɡŭɟɞɚɡŰɘəɐ ŬűŬɚɞɔɧɜɤůɖ (hydrolytic dehalogenation), 

əŬŰŬɚɡɧɛŮɜɖ Ŭˊɧ ŬɚɞɔɞɜɞɦŭɟɞɚɎůŮɠ (halidohydrolases), (2) ŬɜŬɔɤɔɘəɐ 

ŬűŬɚɞɔɧɜɤůɖ (reductive dehalogenation), ɖ ɞˊɞɑŬ əŬŰŬɚɨŮŰŬɘ Ŭˊɧ ŬɜŬɔɤɔɘəɏɠ 

ŬűŬɚɞɔɞɜɎůŮɠ (reductive dehalogenases), (3) ɞɝŮɘŭɤŰɘəɐ ŬűŬɚɞɔɧɜɤůɖ (oxygenolytic 

dehalogenation), əŬŰŬɚɡɧɛŮɜɖ Ŭˊɧ ɛɞɜɞ- ɐ ŭɘɞɝɡɔŮɜɎůŮɠ, (4) ɗŮɘɞɚɡŰɘəɐ 

ŬűŬɚɞɔɧɜɤůɖ (thiolytic dehalogenation), əŬŰŬɚɡɧɛŮɜɖ Ŭˊɧ ɏɜɕɡɛŬ S-ŰɟŬɜůűŮɟɎůɖɠ 

Űɖɠ ɔɚɞɡŰŬɗŮɘɧɜɖɠ (GST) (glutathione S-transferase (GST) enzymes) (5) ŮɜŭɞɛɞɟɘŬəɐ 

ɡˊɞəŬŰɎůŰŬůɖ, ˊɞɡ əŬŰŬɚɨŮŰŬɘ Ŭˊɧ ŮˊɞɝŮɘŭɎůŮɠ Ŭɚɞɔɞɜɞɦŭɟɑɜɖɠ (halohydrin 

epoxidases), (6) ŭŮɦŭɟɞŬɚɞɔɧɜɤůɖ (dehydrohalogenation) əŬŰŬɚɡɧɛŮɜɖ Ŭˊɧ 

ŭŮɦŭɟɞŬɚɞɔɞɜɎůŮɠ (dehydrohalogenases), (7) ŮɜɡŭɎŰɤůɖ (hydration), əŬɘ (8) 

ŬɜŰɘŭɟɎůŮɘɠ ɛŮŰŬűɞɟɎɠ ɛŮɗɡɚɑɞɡ (Haggblom & Bossert, 2004; Nikolaivits et al., 2017) 

ȷˊɧ Űɞɡɠ ŭɘɎűɞɟɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ, ɖ ɡŭɟɞɚɡŰɘəɐ, ɖ 

ŬɜŬɔɤɔɘəɐ əŬɘ ɖ ɞɝŮɘŭɤŰɘəɐ ŬűŬɚɞɔɧɜɤůɖ ŬˊɞŰŮɚɞɨɜ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ. ȼ 

ɡŭɟɞɚɡŰɘəɐ ŬűŬɚɞɔɧɜɤůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ ůŰɞɜ ŬɟɤɛŬŰɘəɧ ŭŬəŰɨɚɘɞ 

Űɞɡ ŬŰɧɛɞɡ ɢɚɤɟɑɞɡ ɛŮ ɛɘŬ ɡŭɟɞɝɡɚɞɛɎŭŬ ˊɟɞŮɟɢɧɛŮɜɖ Ŭˊɧ ɏɜŬ ɛɧɟɘɞ ɜŮɟɞɨ (ŮɘəɧɜŬ 

1.9ȷ). ȼ ŬɜŬɔɤɔɘəɐ ŬűŬɚɞɔɧɜɤůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ Űɞɡ ŬŰɧɛɞɡ 

ɢɚɤɟɑɞɡ ɛŮ ɏɜŬ ɎŰɞɛɞ ɡŭɟɞɔɧɜɞɡ (ŮɘəɧɜŬ 1.9ȸ). ȼ ɞɝŮɘŭɤŰɘəɐ ŬűŬɚɞɔɧɜɤůɖ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ŬɜŰɘəŬŰɎůŰŬůɖ Ůɜɧɠ ŬŰɧɛɞɡ ɢɚɤɟɑɞɡ ɛŮ ɛɘŬ ɡŭɟɞɝɡɚɞɛɎŭŬ Űɖɠ 
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ɞˊɞɑŬɠ Űɞ ɎŰɞɛɞ ɞɝɡɔɧɜɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ɛɞɟɘŬəɧ ɞɝɡɔɧɜɞ O2. ȼ ɞɝŮɘŭɤŰɘəɐ 

ŬűŬɚɞɔɧɜɤůɖ ɢɤɟɑɕŮŰŬɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ Ŭɜ Űɞ ɏɜɕɡɛɞ ˊɞɡ 

ůɡɛɛŮŰɏɢŮɘ ŮɑɜŬɘ ɛɞɜɞɝɡɔŮɜɎůɖ ɐ ŭɘɞɝɡɔŮɜɎůɖ. ȼ ɛɞɜɞɝɡɔŮɜɎůɖ ˊɟɞůɗɏŰŮɘ ɏɜŬ ɎŰɞɛɞ 

ɞɝɡɔɧɜɞɡ ůŰɞɜ ŭŬəŰɨɚɘɞ ɔɘŬ Űɖɜ ŬűŬɑɟŮůɖ Ůɜɧɠ ŬŰɧɛɞɡ ɢɚɤɟɑɞɡ (ŮɘəɧɜŬ 1.9ũ) Ůɜɩ ɖ 

ŭɘɞɝɡɔŮɜɎůɖ ˊɟɞůɗɏŰŮɘ ŭɨɞ ɎŰɞɛŬ ɞɝɡɔɧɜɞɡ ůŰɞɜ ŭŬəŰɨɚɘɞ ɔɘŬ Űɖɜ ŬűŬɑɟŮůɖ Ůɜɧɠ 

ŬŰɧɛɞɡ ɢɚɤɟɑɞɡ (ŮɘəɧɜŬ 1.9ȹ) (Arora & Bae, 2014; Haggblom & Bossert, 2004). 
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ȺɘəɧɜŬ 1.9 (A) ɈŭɟɞɚɡŰɘəɐ ŬűŬɚɞɔɧɜɤůɖ Űɖɠ ɢɚɤɟɞɗŬɚɞɜɑɚɖɠ ɛŮ ɛɘŬ ŬűŬɚɞɔɞɜɎůɖ Űɖɠ 

ɢɚɤɟɞɗŬɚɞɜɑɚɖɠ (B) ȷɜŬɔɤɔɘəɐ ŬűŬɚɞɔɧɜɤůɖ Űɖɠ 2,5-ŭɘɢɚɤɟɞɦŭɟɞəɘɜɧɜɖɠ ɛŮ ɛɑŬ 

ŬűŬɚɞɔɞɜɎůɖ Űɖɠ 2,5-ŭɘɢɚɤɟɞɦŭɟɞəɘɜɧɜɖɠ (LinD) (ũ) ȷűŬɚɞɔɧɜɤůɖ Űɖɠ ˊŮɜŰŬɢɚɤɟɞűŬɘɜɧɚɖɠ 

ɛŮ ˊŮɜŰŬɢɚɤɟɞűŬɘɜɧɚɖ-4-ɛɞɜɞɞɝɡɔŮɜɎůɖ (PcpB); (ȹ) ȷűŬɚɞɔɧɜɞůɖ Űɞɡ 1,2,4,5-

ŰŮŰɟŬɢɚɤɟɞɓŮɜɕɞɚɑɞɡ ɛŮ ɛɘŬ ŭɘɞɝɡɔŮɜɎůɖ Űɞɡ ɢɚɤɟɞɓŮɜɕɞɚɑɞɡ  (Arora & Bae, 2014). 
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2.4.2 ȰɜɕɡɛŬ ŬűŬɚɞɔɧɜɤůɖɠ 

 

2.4.2.1 Ƀɘ ŬűŬɚɞɔɞɜɎůŮɠ Űɤɜ ŬɚɞɔɞɜɞŬɚŬəɜɑɤɜ 

 

Ƀɘ ŬűŬɚɞɔɞɜɎůŮɠ Űɤɜ ŬɚɞɔɞɜŬɚəŬɜɑɤɜ (HDLs) (haloalkane dehalogenases) 

ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɎ ɏɜɕɡɛŬ ɔɘŬ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɤɜ Ŭɚɞɔɞɜɞɨɢɤɜ ŬɚŮɘűŬŰɘəɩɜ 

ŮɜɩůŮɤɜ. ȷɜɐəɞɡɜ ůŰɘɠ Ŭ/ɓ-ɡŭɟɞɚɎůŮɠ (a/b-hydrolase superfamily) əŬɘ ŭɘŬůˊɞɨɜ Űɞɜ 

ŭŮůɛɧ ɎɜɗɟŬəŬ-Ŭɚɞɔɧɜɞɡ ɛŮ ɡŭɟɧɚɡůɖ (Li & Shao, 2014). ɇŬ ɏɜɕɡɛŬ ŬɡŰɎ əŬŰŬɚɨɞɡɜ 

ŬɜŰɘŭɟɎůŮɘɠ ůŮ ɏɜŬ Ůɡɟɨ űɎůɛŬ ɡˊɞůŰɟɤɛɎŰɤɜ əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ ŮɘŭɑəŮɡůɖ ˊɟɞɠ Űɞɡɠ 

ɛɞɜɞ-,ŭɘ- əŬɘ Űɟɘ-ɡˊɞəŬŰŮůŰɖɛɏɜɞɡɠ Ŭɚɞɔɞɜɧɢɞɡɠ ɡŭɟɞɔɞɜɎɜɗɟŬəɏɠ ɛɘəɟɐɠ ŬɚɡůɑŭŬɠ 

(C2ïC8) (Dravis, Lejeune, Hetro, & Russell, 2000). ȸɟɑůəɞɡɜ ɏɜŬɜ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ 

ŮűŬɟɛɞɔɩɜ ɧˊɤɠ ɓɘɞɛɖɢŬɜɘəɐ ɓɘɞəŬŰɎɚɡůɖ, ɓɘɞŮɝɡɔɑŬɜůɖ, ŬˊɞŰɞɝɑɜɤůɖ əŬɘ 

ɓɘɞŬɜɑɢɜŮɡůɖ (Koudelakova et al., 2011).  

 

2.4.3 ȰɜɕɡɛŬ ŭɘɎůˊŬůɖɠ Űɤɜ ŬɟɤɛŬŰɘəɩɜ ŭŬəŰɡɚɑɤɜ  

 

2.4.3.1 Ƀɘ ŭɘɞɝɡɔŮɜɎůŮɠ Űɖɠ əŬŰŮɢɧɚɖɠ 

 

ɀŮŰŬɝɨ Űɤɜ ŭɘɎűɞɟɤɜ ɓɘɞəŬŰŬɚɡŰɩɜ, ɞɘ ŭɘɞɝɡɔŮɜɎůŮɠ Űɖɠ əŬŰŮɢɧɚɖɠ ŮɑɜŬɘ ŰŬ 

ɓŬůɘəɎ ɏɜɕɡɛŬ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ůŰɖ ŭɘɎůˊŬůɖ Űɞɡ ŬɟɤɛŬŰɘəɞɨ ŭŬəŰɡɚɑɞɡ (Pankaj 

Kumar Arora, Alok Srivastava, 2010).  ȷˊɞŰŮɚɞɨɜ ɛŮŰŬɚɚɞˊɟɤŰŮɥɜɘəɎ ɏɜɕɡɛŬ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜ Űɖɜ ɞɝŮɘŭɤŰɘəɐ ŭɘɎůˊŬůɖ Űɤɜ əŬŰŮɢɞɚɩɜ əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ 

ŮɘŭɑəŮɡůɖ ůŮ ˊɞɘəɘɚɑŬ ɡˊɞůŰɟɤɛɎŰɤɜ. ɇɞ ŮɜŮɟɔɧ əɏɜŰɟɞ Űɤɜ ɓɘɞəŬŰŬɚɡŰɩɜ ŬɡŰɩɜ 

ŮɜůɤɛŬŰɩɜŮɘ ůɡɜɐɗɤɠ ɎŰɞɛɞ ůɘŭɐɟɞɡ, ɤůŰɧůɞ ɡˊɎɟɢɞɡɜ əŬɘ ɏɜɕɡɛŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 

ɛŬɔɔɎɜɘɞ (Boyd et al., 2001). 

ȼ 1,2-ŭɘɞɝɡɔŮɜɎůɖ Űɖɠ əŬŰŮɢɧɚɖɠ (1,2-CD) əŬɘ ɖ 2,3-ŭɘɞɝɡɔŮɜɎůɖ Űɖɠ 

əŬŰŮɢɧɚɖɠ (2,3-CD) ɛˊɞɟɞɨɜ ɜŬ ŭɘŬəɟɘɗɞɨɜ ɛŮ ɓɎůɖ ŰŬ ˊɟɞɥɧɜŰŬ ˊɞɡ ŭɑɜɞɡɜ əŬɘ ŰŬ 

ůɡɛˊŬɟɎɔɞɜŰɎ Űɞɡɠ. ȼ 1,2-CD ɢɟɖůɘɛɞˊɞɘŮɑ Fe3 + ɤɠ ůɡɛˊŬɟɎɔɞɜŰŬ ɔɘŬ ɜŬ ŭɘŬůˊɎůŮɘ 

Űɞ ŭŮůɛɧ ɎɜɗɟŬəŬ-ɎɜɗɟŬəŬ ɛŮŰŬɝɨ Űɤɜ űŬɘɜɞɚɘəɩɜ ɡŭɟɞɝɡɚɞɛɎŭɤɜ Űɖɠ əŬŰŮɢɧɚɖɠ, 

ŬˊɞŭɑŭɞɜŰŬɠ ɤɠ ˊɟɞɥɧɜ Űɞ ɛɞɡəɞɜɘəɧ ɞɝɨ (muconic acid) ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 

1.10ȷ. ȷɜŰɑɗŮŰŬ, ɖ 2,3-CD ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ Fe2 + ɤɠ ůɡɛˊŬɟɎɔɞɜŰŬ ɔɘŬ ɜŬ ŭɘŬůˊɎůŮɘ 

Űɞɜ ŭŮůɛɧ ɎɜɗɟŬəŬ-ɎɜɗɟŬəŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ŭɑˊɚŬ ůŰɘɠ űŬɘɜɞɚɘəɏɠ ɡŭɟɞɝɡɚɞɛɎŭŮɠ Űɖɠ 

əŬŰŮɢɧɚɖɠ, ŭɑɜɞɜŰŬɠ ɤɠ ˊɟɞɥɧɜ Űɖɜ 2-ɡŭɟɞɝɡɛɞɜɞŬɚŭŮɒŭɖ (2-hydroxymuconaldehye) 

ɧˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 1.10ȸ (Gibson & Parales, 2000; Solomon et al., 2000).  
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ȺɘəɧɜŬ 1.10 (ȷ) ȼ 1,2-CTD ɢɟɖůɘɛɞˊɞɘŮɑ Fe3+ ɤɠ ůɡɛˊŬɟɎɔɞɜŰŬ ɔɘŬ Űɖɜ 

ŭɘɎůˊŬůɖ Űɞɡ ŭŮůɛɞɨ ɎɜɗɟŬəŬ-ɎɜɗɟŬəŬ ɛŮŰŬɝɨ Űɤɜ űŬɘɜɞɚɘəɩɜ 

ɡŭɟɞɝɡɚɞɛɎŭɤɜ Űɖɠ əŬŰŮɢɧɚɖɠ, ŬˊɞŭɑŭɞɜŰŬɠ ɏŰůɘ ɤɠ ˊɟɞɥɧɜ Űɞ cis,,cis-

ɛɞɡəɞɜɘəɧ ɞɝɨ. (ȸ) ȼ 2,3-CTD ɢɟɖůɘɛɞˊɞɘŮɑ Fe2+ ɤɠ ůɡɛˊŬɟɎɔɞɜŰŬ ɔɘŬ 

Űɖɜ ŭɘɎůˊŬůɖ Űɞɡ ŭŮůɛɞɨ ɎɜɗɟŬəŬ-ɎɜɗɟŬəŬ ˊɞɡ ɓɟɑůəŮŰŬɘ ŭɑˊɚŬ ůŰɘɠ 

űŬɘɜɞɚɘəɏɠ ɡŭɟɞɝɡɚɞɛɎŭŮɠ Űɖɠ əŬŰŮɢɧɚɖɠ ŭɑɜɞɜŰŬɠ ɤɠ ˊɟɞɥɧɜ Űɖɜ 2-

ɡŭɟɞɝɡɛɡəɞŬɚŭŮɨŭɖ 
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ȾŮűɎɚŬɘɞ 3 Ƀɘ ɓɘɞŰŮɢɜɞɚɞɔɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɤɜ ɛɡəɐŰɤɜ 

 

Ƀɘ ɛɨəɖŰŮɠ ŮɑɜŬɘ ɛɞɜŬŭɘəɞɑ ɞɟɔŬɜɘůɛɞɑ ɚɧɔɤ Űɤɜ ɛɞɟűɞɚɞɔɘəɩɜ, 

űɡůɘɞɚɞɔɘəɩɜ əŬɘ ɔŮɜŮŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ. ȺɑɜŬɘ ŮŰŮɟɧŰɟɞűɞɘ, ɓɟɑůəɞɜŰŬɘ 

ůɢŮŭɧɜ ˊŬɜŰɞɨ ůŰɖ ũɖ əŬɘ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞɘəɑůɞɡɜ ɧɚŬ ŰŬ ɡˊɞůŰɟɩɛŬŰŬ (ɢɩɛŬ, ɜŮɟɧ, 

ŬɏɟŬ), ůŰŬ ɞˊɞɑŬ əŬɘ ˊŬɑɕɞɡɜ ˊɟɤŰŬɟɢɘəɧ ɟɧɚɞ ɔɘŬ Űɖ ŭɘŬŰɐɟɖůɖ Űɖɠ ɘůɞɟɟɞˊɑŬɠ Űɤɜ 

ɞɘəɞůɡůŰɖɛɎŰɤɜ. ȼ ŰŮɟɎůŰɘŬ ŮɝŮɚɘəŰɘəɐ ŮˊɘŰɡɢɑŬ ŬɡŰɐɠ Űɖɠ ɞɛɎŭŬɠ ɞɟɔŬɜɘůɛɩɜ 

ŬˊɞŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɞɜ ɡɣɖɚɧ Ŭɟɘɗɛɧ Ůɘŭɩɜ ˊɞɡ ŭɘŬɗɏŰŮɘ, Űɖɜ ˊɞɘəɘɚɑŬ əŬɘ 

ŭɘŬűɞɟŮŰɘəɧŰɖŰŬ Űɤɜ ˊŮɟɘɞɢɩɜ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ, Űɖɜ ɘəŬɜɧŰɖŰŬ ůɡɛɓɑɤůɖɠ (Űɧůɞ 

ŬɛɞɘɓŬɑŬ ɧůɞ əŬɘ ˊŬɗɞɚɞɔɘəɎ) ɛŮ Ɏɚɚɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ (əɡɟɑɤɠ űɡŰɎ əŬɘ ɕɩŬ), əŬɘ Űɖɜ 

ɘəŬɜɧŰɖŰŬ Ůˊɘɓɑɤůɖɠ əɎŰɤ Ŭˊɧ ůɡɜɗɐəŮɠ ŬˊŬɔɞɟŮɡŰɘəɏɠ ɔɘŬ Űɞɡɠ ˊŮɟɘůůɧŰŮɟɞɡɠ 

ɞɟɔŬɜɘůɛɞɨɠ.  

 

3.1 ȸɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ ɛɡəɖŰɘŬəɩɜ ɓɘɞəŬŰŬɚɡŰɩɜ  

 

Ƀɘ ɛɡəɖŰɘŬəɞɑ ɓɘɞəŬŰŬɚɨŰŮɠ ɓɟɑůəɞɡɜ ɛŮɔɎɚɖ ŮűŬɟɛɞɔɐ ůŰɖɜ ɓɘɞɛɖɢŬɜɑŬ. ȼ 

ˊŬɔəɧůɛɘŬ ŬɔɞɟɎ ɓɘɞəŬŰŬɚɡŰɩɜ ɔɘŬ ɓɘɞɛɖɢŬɜɘəɏɠ ŮűŬɟɛɞɔɏɠ ɐŰŬɜ ˊŮɟɑˊɞɡ 4,8 

ŭɘůŮəŬŰɞɛɛɨɟɘŬ ŭɞɚɎɟɘŬ Űɞ 2014 əŬɘ ŬɜŬɛɏɜŮŰŬɘ ɜŬ űŰɎůŮɘ ŰŬ 7,1 ŭɘůŮəŬŰɞɛɛɨɟɘŬ 

ŭɞɚɎɟɘŬ ɛɏɢɟɘ Űɞ 2018 əŬɘ ŰŬ 10 ŭɘůŮəŬŰɞɛɛɨɟɘŬ ŭɞɚɎɟɘŬ ɛɏɢɟɘ Űɞ 2020 (Nikolaivits 

et al., 2017). ȺəŰɧɠ Ŭˊɧ Űɘɠ ŮɚəɡůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ŭɘŬɗɏŰɞɡɜ, ɧˊɤɠ ɖ ŬɜŰɞɢɐ ůŮ 

ɡɣɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ŬɚɎŰɤɜ əŬɘ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ (Dalmaso et al., 2015), ɖ ɘəŬɜɧŰɖŰŬ 

Űɤɜ ɛɡəɐŰɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ɗɎɚŬůůŬ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ ůŮ ůɢŮŰɘəɎ ŬˊɚɎ əŬɘ 

űɗɖɜɎ ɡˊɞůŰɟɩɛŬŰŬ əŬɘ ɜŬ ˊŬɟɎɔɞɡɜ ɏɜɕɡɛŬ ɛŮ ŭɘŬűɞɟŮŰɘəɎ űɡůɘɞɚɞɔɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ ŰɞˊɞɗŮŰŮɑ ůŰɖɜ ˊɟɩŰɖ ɔɟŬɛɛɐ Űɤɜ ůɨɔɢɟɞɜɤɜ Ůɛˊɞɟɘəɩɜ 

ŮűŬɟɛɞɔɩɜ (Bonugli-Santos et al., 2015). 

3.2 ɄŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɛɡəɖŰɘŬəɩɜ ɓɘɞəŬŰŬɚɡŰɩɜ 

  

ɄɟŬəŰɘəɎ ɧɚŮɠ ɞɘ űɡůɘəɏɠ ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬůˊŬůŰɞɨɜ Ŭˊɧ ɏɜŬ 

ɐ ˊŮɟɘůůɧŰŮɟŬ Ůɑŭɖ ɛɡəɐŰɤɜ ɢɎɟɖ ůŰɖɜ ˊŬɟŬɔɤɔɐ ɛɘŬɠ ˊɞɘəɘɚɑŬɠ Ůɜɕɨɛɤɜ ɧˊɤɠ 

ŬɛɡɚɎůŮɠ, ɚɘˊɎůŮɠ əŬɘ ˊɟɤŰŮɎůŮɠ. ȰɜŬɠ ˊɘɞ ˊŮɟɘɞɟɘůɛɏɜɞɠ Ŭɟɘɗɛɧɠ Ůɘŭɩɜ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɐůŮɘ ˊɖəŰɑɜŮɠ, əɡŰŰŬɟɑɜɖ əŬɘ ɖɛɘəɡŰŰŬɟɑɜɖ ɤɠ ˊɖɔɏɠ ɎɜɗɟŬəŬ. ɇɏɚɞɠ, 

ɞɟɘůɛɏɜɞɘ ɛɨəɖŰŮɠ ŮɑɜŬɘ ɞɘ əɨɟɘɞɘ ŬˊɞɘəɞŭɞɛɖŰɏɠ űɡůɘəɩɜ ˊɞɚɡɛŮɟɩɜ ɘŭɘŬɑŰŮɟŬ 

ŬɜɗŮəŰɘəɩɜ ůŮ ɛɘəɟɞɓɘŬəɏɠ ˊɟɞůɓɞɚɏɠ, ɧˊɤɠ ɖ əŮɟŬŰɑɜɖ, ɖ ɢɘŰɑɜɖ əŬɘ ɖ ɚɘɔɜɑɜɖ. ȿɧɔɤ 
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Űɖɠ ɛŮɔɎɚɖɠ ŬəɟɑɓŮɘŬɠ Űɤɜ Ůɜɕɨɛɤɜ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ůŰɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɖɠ ɚɘɔɜɑɜɖɠ, 

ɞɘ ɛɨəɖŰŮɠ ŬɡŰɞɑ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůɓɎɚɞɡɜ ˊɞɚɚɏɠ ŬɟɤɛŬŰɘəɏɠ əŬɘ ŬɚŮɘűŬŰɘəɏɠ 

ɝŮɜɞɓɘɞŰɘəɏɠ5 ŮɜɩůŮɘɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ŭɘɎűɞɟɤɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ɟɨˊɤɜ, 

ɧˊɤɠ ˊɞɚɡəɡəɚɘəɞɨɠ ŬɟɤɛŬŰɘəɞɨɠ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ (PAHs), ɢɟɤɟɞűŬɘɜɞɚɘəɏɠ 

ŮɜɩůŮɘɠ, ɓŬűɏɠ ɡűŬůɛɎŰɤɜ, ˊɞɚɡɢɚɤɟɘɤɛɏɜŬ ŭɘűŬɘɜɨɚɘŬ (PCBs) əŬɘ Ɏɚɚɞɡɠ ɏɛɛɞɜɞɡɠ 

ɞɟɔŬɜɘəɞɨɠ ɟɨˊɞɡɠ (POPs) (ɄɑɜŬəŬɠ 1.2) (Bajaj & Singh, 2015; Bonugli-Santos et al., 

2015; Pulicherla, 2013; Sardrood et al., 2004). 

ɄɑɜŬəŬɠ 1.2 Ⱥˊɘůəɧˊɖůɖ Űɤɜ ŭɡɜŬŰɞŰɐŰɤɜ Ŭˊɞɘəɞŭɧɛɖůɖɠ ɢɖɛɘəɩɜ ŮɜɩůŮɤɜ Ŭˊɧ ɛɨəɖŰŮɠ 

(Deshmukh et al., 2016).  

ɉɖɛɘəɐ ɏɜɤůɖ ɀɨəɖŰŮɠ 

1. Ȱɛɛɞɜɞɘ ɞɟɔŬɜɘəɞɑ ɟɨˊɞɘ  

ɄɞɚɡɢɚɤɟɘɤɛɏɜŬ ŭɘűŬɘɜɨɚɘŬ Doratomyces nanus, D. purpureofuscus, D. 

verrucisporus, Myceliophthora thermophila, 

Phoma eupyrena, Thermoascus crustaceus, 

Aspergillus niger  

ɄɞɚɡɢɚɤɟɘɤɛɏɜŬ ŭɘɓŮɜɕɞűɞɡɟɎɜɘŬ ɀɨəɖŰŮɠ ɚŮɡəɐɠ ůɐɣɖɠ, Phanerochaete sordida  

2. ɆɡɜɗŮŰɘəɏɠ ɓŬűɏɠ əɚɤůŰɞɦűŬɜŰɞɡɟɔɑŬɠ Aspergillus niger, A. foetidus, T. viride, A. 

sojae, Geotrichum candidium, Penicillium sp., 

Pycnoporus cinnabarinus Trichoderma sp., 

Bjerkandera adusta, Ceriporia metamorphosa, 

Ganoderma sp. 

3. ɄɟɞɥɧɜŰŬ ˊŮŰɟŮɚŬɑɞɡ  

ȷɟɔɧ ˊŮŰɟɏɚŬɘɞ A. niger, Rhizopus sp., Candida sp., Penicillium 

sp., Mucor sp. 

ȸŮɜɕɑɜɖ Exophiala xenobiotica 

4. ȷˊɞɟɟɑɛɛŬŰŬ Ŭˊɧ ŭŮɟɛŬŰɑɜɖ Aspergillus flavus, Aspergillus sp. and A. niger 

Aspergillus jegita 

5. Ʉɞɚɡəɡəɚɘəɞɑ ŬɟɤɛŬŰɘəɞɑ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ 

ȹɘűŬɘɜɡɚŬɘɗɏɟŬɠ ɀɨəɖŰŮɠ ɚŮɡəɐɠ ůɐɣɖɠ, Pleurotus ostreatus 

Trametes versicolor 

ȷɜɗɟŬəɏɜɘɞ Armillaria sp 

ɁŬűɗŬɚɑɜɖ ɀɨəɖŰŮɠ ɚŮɡəɐɠ ůɐɣɖɠ, Pleurotus eryngii 

6. ūŬɟɛŬəŮɡŰɘəɎ ˊɟɞɥɧɜŰŬ əŬɘ ˊɟɞɥɧɜŰŬ 

ˊɟɞůɤˊɘəɐɠ űɟɞɜŰɑŭŬɠ 

 

ȾŬűŮȶɜɖ Chrysosporium keratinophilum, Gliocladium 

roseum, Fusarium solani, A. restrictus, 

Penicillium and Stemphylium 

ūɚɞɡɞɝŮŰɑɜɖ, ůɞɡɚűŬɛŮɗɞɝŬɕɧɚɖ Bjerkandera sp. R1, Bjerkandera adusta and 

Phanerochaete chrysosporium 

7. ɀɡəɖŰɞəŰɧɜŬ (Metalaxyl, Folpet) Gongronella sp. and R. stolonifer 

8. ūɡŰɞűɎɟɛŬəŬ  

ɉɚɤɟɘɤɛɏɜɞɘ ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ P. ostreatus 

ɃɟɔŬɜɞűɤůűɞɟɘəɎ űɡŰɞűɎɟɛŬəŬ Aspergillus terreus 

9. ȸŬɟŮɎ ɛɏŰŬɚɚŬ Aspergillus, Curvularia, Acrimonium, Pythyme 

Aspergillus flavus 

                                                           
5 ɋɠ ɝŮɜɞɓɘɞŰɘəɎ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ůŰɞ ůɨɜɞɚɧ Űɞɡɠ ɞɘ ůɡɜɗŮŰɘəɏɠ ŮɜɩůŮɘɠ 
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ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɞɘ ɛɨəɖŰŮɠ ŮɑɜŬɘ Ůɝɞˊɚɘůɛɏɜɞɘ ɛŮ ɏɜŬ 

əŬɚɎ ŬɜŬˊŰɡɔɛɏɜɞ Ůɜɕɡɛɘəɧ ůɨůŰɖɛŬ ˊɞɡ Űɞɡɠ ŭɑɜŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ ɜŬ ŬɜŬˊŰɨůůɞɜŰŬɘ 

ůŮ ɏɜŬ Ůɡɟɨ űɎůɛŬ űɡůɘəɩɜ əŬɘ ůɡɜɗŮŰɘəɩɜ ɡˊɞůŰɟɤɛɎŰɤɜ. Ƀɘ ɛɨəɖŰŮɠ ˊŬɟɎɔɞɡɜ əŬɘ 

Ůəəɟɑɜɞɡɜ ɡɣɖɚɎ ˊɞůɞůŰɎ ŭɘŬűɞɟŮŰɘəɩɜ ŮɝɤəɡŰŰŬɟɘəɩɜ əŬɘ ŮůɤəɡŰŰŬɟɘəɩɜ Ůɜɕɨɛɤɜ 

ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɔŮɔɞɜɧɠ ˊɞɡ ŭɑɜŮɘ Űɖɜ ŮɡəŬɘɟɑŬ ɔɘŬ ɛŮŰŬɓɞɚɘůɛɧ ɜɏɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ 

ɧˊɤɠ ˊɞɚɚɏɠ ɛɖ ˊɞɚɘəɏɠ, ɛɖ ŭɘŬɚɡŰɏɠ Űɞɝɘəɏɠ ŮɜɩůŮɘɠ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŮˊɘŭŮəŰɘəɏɠ ůŮ 

ŮɜŭɞəɡŰŰŬɟɘəɏɠ ŭɘŮɟɔŬůɑŮɠ (Levin et al., 2003; Reddy & Mathew, 2001). 

ȼ ɛŬəɟɘɎ əŬɘ ɔŮɛɎŰɖ ŭɘŬəɚŬŭɩůŮɘɠ ɜɖɛŬŰɞŮɘŭɐɠ ŭɞɛɐ Űɤɜ ɛɡəɐŰɤɜ Űɞɡɠ ŭɑɜŮɘ 

Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬɜŬɕɖŰɞɨɜ ɜɏŮɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɜŬ ŭɘŮɘůŭɨɞɡɜ ůŰŬ ŮůɤŰŮɟɘəɎ 

ůŰɟɩɛŬŰŬ Űɤɜ ɡˊɞůŰɟɤɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ŭŮɜ ɓɟɑůəɞɜŰŬɘ ůŮ ɎɛŮůɖ ŮˊŬűɐ ɛŮ Űɖɜ 

ɡŭŬŰɘəɐ űɎůɖ. ȯɚɚɞ ɏɜŬ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ɢɟɐůɖɠ ɛɡəɐŰɤɜ ŮɑɜŬɘ ɧŰɘ ŰŬ ɏɜɕɡɛŬ ˊɞɡ 

ɏɢɞɡɜ ůɖɛŬůɑŬ ůŰɖ ɓɘɞŮɝɡɔɑŬɜůɖ ˊŬɟɎɔɞɜŰŬɘ/ŭɘŮɔŮɑɟɞɜŰŬɘ əɎŰɤ Ŭˊɧ ůɡɜɗɐəŮɠ 

ŬɜŮˊɎɟəŮɘŬɠ ɗɟŮˊŰɘəɩɜ ůɡůŰŬŰɘəɩɜ (Mansur & Gonza, 2003). 

ȺəŰɧɠ Ŭˊɧ Űɖɜ ɘəŬɜɧŰɖŰŬ ŭɘŮɑůŭɡůɖɠ ůŮ ˊɚɖɗɩɟŬ ɡˊɞůŰɟɤɛɎŰɤɜ, ɞɘ ɛɨəɖŰŮɠ 

ɛˊɞɟɞɨɜ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ ɡˊɧ ŭɨůəɞɚŮɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ɐ əŬɘ Űɞɝɘəɏɠ ůɡɜɗɐəŮɠ 

(ɢŬɛɖɚɧ pH əŬɘ ɢŬɛɖɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɗɟŮˊŰɘəɎ ůɡůŰŬŰɘəɎ), ɧˊɞɡ Ɏɚɚɞɘ 

ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ˊŮɟɘɞɟɘůɛɏɜɖ ɓɘɞŭɟŬůŰɘəɧŰɖŰŬ (Davies & 

Westlake, 1979). Ƀɘ ˊŮɟɘůůɧŰŮɟɞɘ ɛɨəɖŰŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘəɟɞɨɠ əɨəɚɞɡɠ ɕɤɐɠ əŬɘ 

ɡɣɖɚɧŰŮɟɞɡɠ ɟɡɗɛɞɨɠ ůˊɞɟɑɤůɖɠ əŬɘ Ůˊɞɛɏɜɤɠ ɛˊɞɟɞɨɜ ɜŬ Ŭɡɝɐůɞɡɜ Űɞɡɠ 

ˊɚɖɗɡůɛɞɨɠ Űɞɡɠ ůŮ ůɢŮŰɘəɎ ɛɘəɟɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ. Ⱥˊɘˊɚɏɞɜ, ɛˊɞɟɞɨɜ ŮɨəɞɚŬ ɜŬ 

ɛŮŰŬűŮɟɗɞɨɜ, ɜŬ Űɟɞˊɞˊɞɘɖɗɞɨɜ ɔŮɜŮŰɘəɎ əŬɘ ɜŬ Ůɜɘůɢɡɗɞɨɜ. ȳɚŬ ŬɡŰɎ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ɞɘ ŭɡɜŬŰɧŰɖŰŮɠ əŬɗɘůŰɞɨɜ Űɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ ŬɡŰɞɨɠ ůŰɞ ŮˊɑəŮɜŰɟɞ 

Űɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɔɘŬ ˊɘɗŬɜɐ ɢɟɐůɖ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ɞɟɔŬɜɘəɩɜ ɟɨˊɤɜ 

(Sardrood et al., 2004).  

 

3.3 ŪŬɚɎůůɘŬ ˊɟɞŮɟɢɧɛŮɜɞɘ ɛɨəɖŰŮɠ 

 

Ƀ ɤəŮŬɜɧɠ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ɛɘŬ ɛŮɔɎɚɖ ŭŮɝŬɛŮɜɐ ɓɘɞˊɞɘəɘɚɧŰɖŰŬɠ. Ƀɘ 

ɛɘəɟɞɓɘŬəɏɠ əɞɘɜɧŰɖŰŮɠ Űɤɜ ɗŬɚɎůůɘɤɜ ˊŮɟɘɓŬɚɚɧɜŰɤɜ ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ůɖɛŬɜŰɘəɧ 

ɟɧɚɞ ůŰɖɜ ŬɜŬəɨəɚɤůɖ Űɤɜ ɗɟŮˊŰɘəɩɜ ɞɡůɘɩɜ əŬɗɩɠ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ŬˊɞůɨɜɗŮůɖ 

ɞɟɔŬɜɘəɩɜ ɞɡůɘɩɜ əŬɘ ɜŮəɟɐɠ ɨɚɖɠ. Ƀɘ ɛɨəɖŰŮɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ɗɎɚŬůůŬ 

ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɐ ˊɖɔɐ Ůɜɕɨɛɤɜ ɓɘɞɛɖɢŬɜɘəɞɨ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ 

ŮɜŭɘŬűɏɟɞɜŰɞɠ. ȼ ɘəŬɜɧŰɖŰŬ ˊɟɞůŬɟɛɞɔɐɠ Űɤɜ ɛɡəɐŰɤɜ ŬɡŰɩɜ ůŰɘɠ ŬɜŰɑɝɞŮɠ ůɡɜɗɐəŮɠ 
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Űɤɜ ɤəŮŬɜɩɜ Űɞɡɠ əŬɗɘůŰɎ ŰɟɞɛŮɟɎ ŮɚəɡůŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ůŰɞɜ ŰɞɛɏŬ Űɖɠ 

ɓɘɞŰŮɢɜɞɚɞɔɑŬɠ (Bonugli-Santos et al., 2015). 

Ʉɞɚɚɞɑ ˊŬɟɎɔɞɜŰŮɠ ɛˊɞɟɞɨɜ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ, Űɖɜ ŬűɗɞɜɑŬ 

əŬɘ Űɖ əŬŰŬɜɞɛɐ Űɤɜ ɛɡəɐŰɤɜ ůŰɞ ɗŬɚɎůůɘɞ ˊŮɟɘɓɎɚɚɞɜ. ŪŬɚɎůůɘɞɘ ɛɨəɖŰŮɠ ɏɢɞɡɜ 

ɓɟŮɗŮɑ ůŮ ŭɘɎűɞɟŬ ɡˊɞůŰɟɩɛŬŰŬ ɧˊɤɠ ůűɞɡɔɔɎɟɘŬ, Ɏɚɔɖ, ɝɨɚɞ, ɛŬɚɎəɘŬ, əɞɟɎɚɚɘŬ, 

űɡŰɎ əŬɘ ɣɎɟɘŬ. ɄŬɟɎɚɚɖɚŬ, ˊŮɟɘɓŬɚɚɞɜŰɘəɎ űŬɘɜɧɛŮɜŬ ɧˊɤɠ ɞɘ ˊɚɖɛɛɨɟŮɠ əŬɘ ɞɘ 

ɎɜŮɛɞɘ, ɛŮŰŬűɏɟɞɡɜ Űɞɡɠ ɛɨəɖŰŮɠ ůŮ ŬəŰɏɠ, ˊŬɟŬɚɑŮɠ əŬɘ Ůəɓɞɚɏɠ ˊɞŰŬɛɩɜ. Ƀɘ 

ɛɨəɖŰŮɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ɗɎɚŬůůŬ ůɡɢɜɎ ŮɛűŬɜɑɕɞɡɜ ɛɞɟűɞɚɞɔɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟɧɛɞɘŬ ɛŮ ŬɡŰɎ Űɤɜ ɢŮɟůŬɑɤɜ ɞɛɞɚɧɔɤɜ Űɞɡɠ (Bonugli-Santos et 

al., 2015). ɋůŰɧůɞ, ɖ ɘəŬɜɧŰɖŰɎ Űɞɡɠ ɜŬ ˊɟɞůŬɟɛɧɕɞɜŰŬɘ ůŮ ɡɣɖɚɎ Ŭɚɛɡɟɏɠ ůɡɜɗɐəŮɠ 

əŬɘ ůŮ ŬəɟŬɑŮɠ Űɘɛɏɠ pH Űɞɡɠ ˊŬɟɏɢŮɘ ɏɜŬ ɛŮɔɎɚɞ ˊɚŮɞɜɏəŰɖɛŬ ɏɜŬɜŰɘ Űɤɜ ɢŮɟůŬɑɤɜ 

ɛɡəɐŰɤɜ, Ůɜɩ ɏɢŮɘ Ůˊɑůɖɠ ɛŮɚŮŰɖɗŮɑ ɖ ɘəŬɜɧŰɖŰŬ Űɞɡɠ ɜŬ ŬɜɏɢɞɜŰŬɘ ɡɣɖɚɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ɓŬɟŮɩɜ ɛŮŰɎɚɚɤɜ ɧˊɤɠ ɞ ɛɧɚɡɓŭɞɠ əŬɘ ɞ ɢŬɚəɧɠ (Deshmukh et al., 

2016). 

ȼ ŬɔɞɟɎ Űɤɜ ɗŬɚɎůůɘɤɜ ɛɡəɖŰɘŬəɩɜ Ůɜɕɨɛɤɜ ůɐɛŮɟŬ ɢɤɟɑɕŮŰŬɘ ůŮ ˊɏɜŰŮ 

ŰɞɛŮɑɠ: i) ɏɜɕɡɛŬ ˊɞɡ ˊɟɞɞɟɑɕɞɜŰŬɘ əɡɟɑɤɠ ɔɘŬ ɓɘɞɛɖɢŬɜɑŮɠ əŬɗŬɟɘůɛɞɨ, 

əɚɤůŰɞɦűŬɜŰɞɡɟɔɑŬɠ, ŭɏɟɛŬŰɞɠ, ɓɘɞəŬɡůɑɛɤɜ, ɢŬɟŰɞˊɞɚŰɞɨ əŬɘ ɢŬɟŰɘɞɨ, ii) ɏɜɕɡɛŬ ɛŮ 

ŮűŬɟɛɞɔɏɠ ůŰŬ ŰɟɧűɘɛŬ əŬɘ ůŰŬ ˊɞŰɎ, iii) ɏɜɕɡɛŬ ɔɘŬ ɕɤɞŰɟɞűɏɠ, iv) ɏɜɕɡɛŬ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮűŬɟɛɞɔɏɠ, (v)  əŬɘ ɏɜɕɡɛŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ 

űɎɟɛŬəŬ əŬɘ əŬɚɚɡɜŰɘəɎ (Bonugli-Santos et al., 2015; Cavicchioli, Siddiqui, Andrews, 

& Sowers, 2002; Pulicherla, 2013; Zhang & Kim, 2012). 
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ȾŮűɎɚŬɘɞ 4 ɈɚɘəɎ əŬɘ ɀɏɗɞŭɞɘ 

 

4.1 ɈɚɘəɎ 

 

4.1.1 ɀɘəɟɞɞɟɔŬɜɘůɛɞɑ 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɞɘ ɓɘɞəŬŰŬɚɨŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ŮɑɜŬɘ ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ (ŬůəɞɛɨəɖŰŮɠ), ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ůɡɛɓɘɩŰŮɠ Ŭůˊɧɜŭɡɚɤɜ 

(ůˊɧɔɔɞɘ, ɛŬɚŬəɎ əɞɟɎɚɚɘŬ, ŬɜŮɛɩɜŮɠ, ŮɢɘɜɧŭŮɟɛŬ), ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ůɡɚɚŮɢɗŮɑ Ŭˊɧ 

ɛŮůɧűɤŰŬ ɗŬɚɎůůɘŬ ɞɘəɞůɡůŰɐɛŬŰŬ. Ƀɘ ɛŮůɧűɤŰŮɠ ŬɡŰɏɠ ˊŮɟɘɞɢɏɠ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ 

Ƚɜŭɘəɧ ɋəŮŬɜɧ, ůŰɖɜ Ⱦɧəəɘɜɖ ŪɎɚŬůůŬ əŬɘ ůŰɘɠ ȷəŰɏɠ Űɖɠ ɇŬɥɚɎɜŭɖɠ. ɆɡɜɞɚɘəɎ 

ŮɝŮŰɎůŰɖəŬɜ 44 ŭɘŬűɞɟŮŰɘəɎ ůŰŮɚɏɢɖ ɛɡəɐŰɤɜ. 

 

4.1.2 ŪɟŮˊŰɘəɎ ɀɏůŬ 

 

ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ ɛɡəɖŰɘŬəɩɜ əŬɚɚɘŮɟɔŮɘɩɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɗɟŮˊŰɘəɧ 

ɛɏůɞ ɛŮ Ůɛˊɞɟɘəɐ ɞɜɞɛŬůɑŬ çMarine broth (dehydrated culture media) for 

microbiologyè Űɖɠ ŮŰŬɘɟɑŬɠ Panreac AppliChem (ũŮɟɛŬɜɑŬ), ɢɤɟɑɠ Űɖ ɢɟɐůɖ ɔɚɡəɧɕɖɠ 

ɐ Ɏɚɚɖɠ ˊɖɔɐɠ ɎɜɗɟŬəŬ. ȼ ůɨůŰŬůɖ Űɞɡ ɗɟŮˊŰɘəɞɨ ɡɚɘəɞɨ ůŮ g/L ɐŰŬɜ ɖ Ŭəɧɚɞɡɗɖ: 

ɓɞɟɘəɧ ɞɝɨ 0.022, ɜɘŰɟɘəɧ ɎɚŬɠ Ŭɛɛɤɜɑɞɡ 0.0016, ɢɚɤɟɘɞɨɢɞ ŬůɓɏůŰɘɞ 1.8, ɢɚɤɟɘɞɨɢɞ 

ůŰɟɧɜŰɘɞ 0.034. ŮəɢɨɚɘůɛŬ ɕɨɛɖɠ 1, əɘŰɟɘəɧ ůɑŭɖɟɞ 0,1, ɢɚɤɟɘɞɨɢɞ ɛŬɔɜɐůɘɞ 8,8, 

ɓŬəŰɖɟɘɞɚɞɔɘəɐ ˊŮˊŰɧɜɖ 5, ɓɟɤɛɘɞɨɢɞ əɎɚɘɞ 0,08, ɢɚɤɟɘɞɨɢɞ əɎɚɘɞ 0,55, ɢɚɤɟɘɞɨɢɞ 

ɜɎŰɟɘɞ 19,4, űɗɞɟɘɞɨɢɞ ɜɎŰɟɘɞ 0,0024, ŬɜɗɟŬəɘəɧ ɡŭɟɞɔɧɜɞ ɜɎŰɟɘɞ 0,16, űɤůűɞɟɘəɧ 

ɡŭɟɞɔɧɜɞ ŭɘɜŬŰɟɑɞɡ 0,008, ˊɡɟɘŰɘəɧ ɜɎŰɟɘɞ 0,004, ɗŮɘɘəɧ ɜɎŰɟɘɞ 3,24.   

 

4.1.3 ɃɟɔŬɜɘəɞɑ Ʌɨˊɞɘ 

 

Ƀɘ ɢɖɛɘəɞɑ ɟɨˊɞɘ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ  ɤɠ ˊɟɞɠ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɞɡɠ ɐŰŬɜ ɞɘ: 

ü 2,4-ŭɘɢɚɤɟɞűŬɘɜɧɚɖ (2,4-dCP) ɛŮ ɛɞɟɘŬəɧ Űɨˊɞ Cl2C6H3OH, ɛɞɟɘŬəɞɨ ɓɎɟɞɡɠ 

163,00 g/mol ˊɞɡ ˊɟɞɛɖɗŮɨŰɖəŮ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ Sigma-Aldrich (ȼ.Ʉ.ȷ). H 

2,4-dCP ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɧůɞ ůŰŬ ˊŮɘɟɎɛŬŰŬ ɛŮɚɏŰɖɠ Űɖɠ 

Ŭˊɞɘəɞŭɧɛɖůɖɠ Űɞɡ ɟɨˊɞɡ (ɓɚ. ŮɜɧŰɖŰŮɠ 4.3.3 əŬɘ 4.4.2) ɧůɞ əŬɘ ůŰŬ ˊŮɘɟɎɛŬŰŬ 

ŮˊŬɔɤɔɐɠ Űɤɜ Ůɜɕɡɛɘəɩɜ ŮɜŮɟɔɞŰɐŰɤɜ (ɓɚ. ŮɜɧŰɖŰŬ 4.5.1) ŮɑɢŮ Ŭɟɢɘəɐ 

ůɡɔəɏɜŰɟɤůɖ ůŰɞ ůɨůŰɖɛŬ ŬɜŰɑŭɟŬůɖɠ 1 mM (163 ppm). ũɘŬ ŰŬ ˊŮɘɟɎɛŬŰŬ 
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ŮˊŬɔɤɔɐɠ Ůɜɕɡɛɘəɐɠ ŮɜŮɟɔɧŰɖŰŬɠ, ɖ 2,4-dCP ́ ɟɞŮɟɢɧŰŬɜ Ŭˊɧ stock 50 mM 2,4-

dCP. ɇɞ stock ŬɡŰɧ ˊŬɟŬůəŮɡŬɕɧŰŬɜ ɛŮ ŭɘɎɚɡůɖ Űɖɠ 2,4-dCP ůŮ ɡˊŮɟəɎɗŬɟɞ 

ŬˊɞůŰŮɘɟɤɛɏɜɞ ɜŮɟɧ. ũɘŬ ŰŬ ɡˊɧɚɞɘˊŬ ˊŮɘɟɎɛŬŰŬ ˊŬɟŬůəŮɡŬɕɧŰŬɜ ŭɘɎɚɡɛŬ 

2,4-dCP ůŮ ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ ůɡɔəɏɜŰɟɤůɖɠ 1 mM. 

 

ü 2,4,5-ŰɟɘɢɚɤɟɞŭɘűŬɘɜɨɚɘɞ (PCB No29) ɛŮ ɛɞɟɘŬəɧ Űɨˊɞ C12H7Cl3, ɛɞɟɘŬəɞɨ 

ɓɎɟɞɡɠ 257,54 g/mol ˊɞɡ ˊɟɞɛɖɗŮɨŰɖəŮ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ Sigma-Aldrich 

(ȼ.Ʉ.ȷ). ȿɧɔɤ Űɖɠ ˊɞɚɨ ɢŬɛɖɚɐɠ ŭɘŬɚɡŰɧŰɖŰŬɠ Űɞɡ ɟɨˊɞɡ ůŰɞ ɜŮɟɧ, ɔɘŬ ŰŬ 

ˊŮɘɟɎɛŬŰŬ ŭɘŬɚɞɔɐɠ Űɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŭɘɎɚɡɛŬ 

əɞɟŮůɛɏɜɞ ůŮ PCB 29 ˊɞɡ ɓɟɘůəɧŰŬɜ ůŰɞɡɠ 27 ɞC, ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ɞˊɞɑɞɡ 

ɛŮŰɟɐɗɖəŮ ɛŮ ŬɏɟɘŬ ɢɟɤɛŬŰɞɔɟŬűɑŬ (ɓɚ. ŮɜɧŰɖŰŬ 4.3.1.2). 

 

Ƀ ɢŮɘɟɘůɛɧɠ Űɤɜ ŮɜɩůŮɤɜ ŬɡŰɩɜ ɔɘɜɧŰŬɜ ɛŮ ɛŮɔɎɚɖ ˊɟɞůɞɢɐ ɚɧɔɤ Űɖɠ ɡɣɖɚɐɠ 

ŰɞɝɘəɧŰɖŰŬɠ Űɞɡɠ, Ůɜɩ ŮɝŬɘŰɑŬɠ Űɖɠ ɡɣɖɚɐɠ ˊŰɖŰɘəɧŰɖŰŬɠ Űɞɡɠ ɞɘ ˊŮɟɘůůɧŰŮɟŮɠ 

ŮɟɔŬůɑŮɠ ŮəŰŮɚɞɨɜŰŬɜ ůŰɞɜ ŬˊŬɔɤɔɧ.   

 

4.1.4 ɆɡůəŮɡɏɠ əŬɘ ɧɟɔŬɜŬ- ȷɜŬɚɩůɘɛŬ ɡɚɘəɎ 

 

ɄŬɟŬəɎŰɤ əŬŰŬɔɟɎűɞɜŰŬɘ ɞɘ ůɡůəŮɡɏɠ əŬɘ ŰŬ ɧɟɔŬɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ: 

ü ȷɡŰɧəŬɡůŰɞ Labo Autoclave, SANYO (ȼ.Ʉ.ȷ.) 

ü pH-ɛŮŰɟɞ 537, WTW (ũŮɟɛŬɜɑŬ) 

ü ɆɡůəŮɡɐ ŬɜɎŭŮɡůɖɠ Orbit LS, Labnet (ɀ. ȸɟŮŰŬɜɑŬ) 

ü ŪŮɟɛŬɘɜɧɛŮɜɞɠ ŬɜŬəɘɜɞɨɛŮɜɞɠ ŮˊɤŬůŰɐɟŬɠ Eppendorf Thermomixer Comfort, 

Eppendorf (ũŮɟɛŬɜɑŬ) 

ü ŪŮɟɛɞůŰŬŰɞɨɛŮɜŬ ɡŭŬŰɧɚɞɡŰɟŬ  

ü ɄŮɟɘůŰɟŮűɧɛŮɜɞɘ ŮˊɤŬůŰɐɟŮɠ ZHWY-211C, ZHICHENG Analytical 

Instruments Manufactoring Co Ltd (ȾɑɜŬ) 

ü ūɤŰɧɛŮŰɟɞ S-22 UV/Vis. Spectrophotometer Űɖɠ BOECO (ũŮɟɛŬɜɑŬ) 

ü ɆɨůŰɖɛŬ ˊŬɟŬɔɤɔɐɠ ɡˊŮɟəɎɗŬɟɞɡ ɜŮɟɞɨ Direct-Q, Millipore (ȼ.Ʉ.ȷ.) 

ü ɆɡůəŮɡɐ ŭɘɐɗɖůɖɠ ɡˊɧ əŮɜɧ 

ü ɆɡůəŮɡɐ ɡˊŮɟŭɘɐɗɖůɖɠ Amicon Stirred Cell 8400 ɛŮ ɛŮɛɓɟɎɜɖ PM-10, 

Millipore (ȼ.Ʉ.ȷ.) 
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ü ūɡɔɧəŮɜŰɟɞɘ J2-21 əŬɘ TJ-6 Űɖɠ Beckman Coulter (ȼ.Ʉ.ȷ.), SorvallÈ RC28S, 

DuPont (ȼ.Ʉ.ȷ.) əŬɘ ɛɘəɟɞűɡɔɧəŮɜŰɟɞɠ ˊɎɔəɞɡ Zentrifuge Eppendorf 3200 

(ũŮɟɛŬɜɑŬ) 

ü ŪŮɟɛŬɘɜɧɛŮɜŮɠ ˊɚɎəŮɠ ɛŮ ŭɡɜŬŰɧŰɖŰŬ ɛŬɔɜɖŰɘəɐɠ ŬɜɎŭŮɡůɖɠ Nuova II  Stir 

Plate Űɖɠ Thermolyne əŬɘ Stirrer Magnetic w Hotplate Űɖɠ Bioline scientific 

(ȺɚɚɎŭŬ) 

ü Ȼɡɔɞɑ Mark 2060, Mark 4065 (BEL Engineering) əŬɘ Abs 120-4 (KERN & 

Sohn GmbH) 

ü ɆɡůəŮɡɐ űɤŰɞɛɏŰɟɖůɖɠ microplate reader Spectra Max  250 (Molecular 

Devices) 

ü ɆɡůəŮɡɐ ɡɔɟɐɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ HPLC SHIMADZU LC-

20AD 

ü ɆɡůəŮɡɐ ŬɏɟɘŬɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ SHIMADZU GC-17A 

ü ɆɡůəŮɡɐ űŬůɛŬŰɞɛŮŰɟɑŬɠ ɛɎɕŬɠ ESI-LTQ-Orbitrap Discovery XL Űɖɠ Thermo 

Scientific (ũŮɟɛŬɜɑŬ), ůɡɜŭŮŭŮɛɏɜɖ ɛŮ ůɡůəŮɡɐ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ɡɔɟɐɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬɠ Accela UHPLC system Űɖɠ Thermo Scientific (ũŮɟɛŬɜɑŬ) 

ü ɆŰɐɚɖ ŬűŬɚɎŰɤůɖɠ PD-10 

ü ɆŰɐɚɖ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ɘɞɜŰɞŮɜŬɚɚŬɔɐɠ, Bio-Rad (ȼ.Ʉ.ȷ.) 

ü ɆɡůəŮɡɐ ɖɚŮəŰɟɞűɧɟɖůɖɠ ˊɟɤŰŮɥɜɩɜ 

ȺəŰɧɠ Űɤɜ ˊŬɟŬˊɎɜɤ ɞɟɔɎɜɤɜ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ ŭɘɎűɞɟŬ ŮɟɔŬůŰɖɟɘŬəɎ ɡɚɘəɎ 

ɧˊɤɠ, ɞɔəɞɛŮŰɟɘəɞɑ əɨɚɘɜŭɟɞɘ, ˊɞŰɐɟɘŬ ɕɏůŮɤɠ, əɤɜɘəɏɠ űɘɎɚŮɠ, ɢɤɜɘɎ, ŰɟɡɓɚɑŬ, 

eppendorf tubes, falcon tubes, ˊɘˊɏŰŮɠ paster əŬɘ ɔɡɎɚɘɜŬ ɛˊɞɡəɎɚɘŬ. 

 

4.2 ȾŬɚɚɘɏɟɔŮɘŮɠ əɡŰŰɎɟɤɜ 

 

ȾŬŰɎ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŭɨɞ 

Ůɑŭɖ əɡŰŰŬɟɘəɩɜ əŬɚɚɘŮɟɔŮɘɩɜ, ůŰŮɟŮɏɠ əŬɘ ɡɔɟɏɠ əŬɚɚɘɏɟɔŮɘŮɠ. Ƀɘ ůŰŮɟŮɏɠ 

əŬɚɚɘɏɟɔŮɘŮɠ ŬˊɞůəɞˊɞɨůŬɜ ůŰɖ ŭɘŬŰɐɟɖůɖ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ Ůɜɩ 

ɞɘ ɡɔɟɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ŬˊɞůəɞˊɞɨůŬɜ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɛɡəɖŰɘŬəɐɠ ɓɘɞɛɎɕŬɠ ɔɘŬ Űɖɜ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɤɜ ŭɘɎűɞɟɤɜ ˊŮɘɟŬɛɎŰɤɜ.  
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4.2.1 ɆŰŮɟŮɏɠ əŬɚɚɘɏɟɔŮɘŮɠ 

 

ũɘŬ Űɖɜ ŮˊɘŰɡɢɐ ŬɜɎˊŰɡɝɖ ůŰŮɟŮɩɜ əŬɚɚɘŮɟɔŮɘɩɜ ŬəɞɚɞɡɗɐɗɖəŬɜ ŰŬ ˊŬɟŬəɎŰɤ 

ɓɐɛŬŰŬ: 

I. ȹɘŬɚɡŰɞˊɞɑɖůɖ Űɞɡ ɗɟŮˊŰɘəɞɨ ɡɚɘəɞɨ ɛŮ Ŭˊɘɞɜɘůɛɏɜɞ ɜŮɟɧ ůŮ əɤɜɘəɐ űɘɎɚɖ ɛŮ 

ůɡɜŮɢɐ ɛŬɔɜɖŰɘəɐ ŬɜɎŭŮɡůɖ ɩůŰŮ Űɞ ŰŮɚɘəɧ ŭɘɎɚɡɛŬ ɜŬ ŬˊɞŰŮɚŮɑŰŮ Ŭˊɧ 4% 

w/v marine broth əŬɘ 1,5% w/v ɎɔŬɟ. ɇɞ pH Űɞɡ ˊɟɞəɨˊŰɞɜ ŭɘŬɚɨɛŬŰɞɠ 

ɟɡɗɛɑɕŮŰŬɘ ůŮ 7,6 ɛŮ Űɖ ɢɟɐůɖ ɟɡɗɛɘůŰɘəɞɨ ŭɘŬɚɨɛŬŰɞɠ əŬɡůŰɘəɞɨ ɜŬŰɟɑɞɡ 

(NaOH). 

II.  ȷˊɞůŰŮɑɟɤůɖ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ ůŮ ŬɡŰɧəŬɡůŰɞ ůŰɞɡɠ 121 ɞC ɔɘŬ 20 ɚŮˊŰɎ əŬɘ 

ɡˊɧ ˊɑŮůɖ 0,1 MPa, ɨůŰŮɟŬ Ŭˊɧ ůűɟɎɔɘůɛŬ Űɖɠ ɞɔəɞɛŮŰɟɘəɐɠ űɘɎɚɖɠ ɛŮ Űɖ 

ɢɟɐůɖ ŬɚɞɡɛɘɜɧɢŬɟŰɞɡ. 

III.  Ȱəɢɡůɖ Űɞɡ ɗɟŮˊŰɘəɞɨ ɛɏůɞɡ ůŮ ŰɟɡɓɚɑŬ petri 

(ˊŮɟɑˊɞɡ 25 mL ɗɟŮˊŰɘəɞɨ ŬɜɎ Űɟɡɓɚɑɞ) əɎŰɤ 

Ŭˊɧ ŬůɖˊŰɘəɏɠ ůɡɜɗɐəŮɠ  ůŮ ŮɘŭɘəɎ 

ŭɘŬɛɞɟűɤɛɏɜɞ ŬˊŬɔɤɔɧ (laminar flow 

cabinet), ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 2.1. ȷűɞɨ 

ůŰŮɟŮɞˊɞɘɖɗŮɑ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ əɎɗŮ Űɟɡɓɚɑɞɡ, 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞ ŮɛɓɞɚɘŬůɛɧɠ ɛŮ Űɞɡɠ 

ɛɘəɟɞɞɟɔŬɜɘůɛɞɨɠ ɡˊɧ ŬůɖˊŰɘəɏɠ ůɡɜɗɐəŮɠ 

əŬɘ ˊɎɚɘ. Ƀ ŮɛɓɞɚɘŬůɛɧɠ Űɤɜ ɛɡəɖŰɘŬəɩɜ 

əŬɚɚɘŮɟɔŮɘɩɜ ŭɘŮɝɐɢɗɖ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

ɛɘəəɨɚɘɞ ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ ŬˊɧɗŮɛŬ 

ɔɚɡəŮɟɑɜɖɠ.  

IV.  ɇɞˊɞɗɏŰɖůɖ Űɟɡɓɚɑɤɜ ůŮ ŮˊɤŬůŰɐɟŬ ůŰɞɡɠ 27ÁC ɔɘŬ 5 ɖɛɏɟŮɠ.  

V. ȷűŬɑɟŮůɖ Űɟɡɓɚɑɤɜ ůŰɞ ˊɏɟŬɠ Űɞɡ ɢɟɧɜɞɡ ŮˊɩŬůɖɠ ˊɟɞɠ ůűɟɎɔɘůɖ ɛŮ parafilm 

ɔɘŬ ŭɘŬŰɐɟɖůɖ ůŰɞ ɣɡɔŮɑɞ ůŰɞɡɠ 4oC. ɆŰɖɜ ŮɘəɧɜŬ 2.2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ŮɜŭŮɘəŰɘəɎ ɞɟɘůɛɏɜŮɠ ůŰŮɟŮɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ůŰɞ ˊɏɟŬɠ Űɞɡ ɢɟɧɜɞɡ ŮˊɩŬůɖɠ. 

 

 

 

ȺɘəɧɜŬ 2.1 ɇɟɡɓɚɑŬ Petri (ŬɟɘůŰŮɟɎ) ɏŰɞɘɛŬ ɔɘŬ 

ŮɛɓɞɚɘŬůɛɧ əɎŰɤ Ŭˊɧ ŬůɖˊŰɘəɏɠ ůɡɜɗɐəŮɠ ůŰɞɜ 

ŬˊŬɔɤɔɧ. 
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4.2.2 Ɉɔɟɏɠ əŬɚɚɘɏɟɔŮɘŮɠ 

 

ȼ ɛɏɗɞŭɞɠ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ŮɑɜŬɘ 

ˊŬɟɧɛɞɘŬ ɛŮ ŬɡŰɐɜ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ 

ɔɘŬ Űɘɠ ůŰŮɟŮɏɠ əŬɚɚɘɏɟɔŮɘŮɠ. ɇɞ ɗɟŮˊŰɘəɧ ɛɏůɞ ˊɞɡ 

ˊŬɟŬůəŮɡɎɕŮŰŬɘ ŬˊɞŰŮɚŮɑŰŮ ɛɧɜɞ Ŭˊɧ 4% w/v 

Marine broth ŭɘŬɚɡɛɏɜɞ ůŮ Ŭˊɘɞɜɘůɛɏɜɞ ɜŮɟɧ (pH 

7,6). ɇɞ ˊɟɞəɨˊŰɞɜ ŭɘɎɚɡɛŬ ůűɟŬɔɑɕŮŰŬɘ ɛŮ 

ɓŬɛɓɎəɘ əŬɘ ŬɚɞɡɛɘɜɧɢŬɟŰɞ (ŮɘəɧɜŬ 2.3) əŬɘ 

ŬˊɞůŰŮɘɟɩɜŮŰŬɘ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, Ŭűɞɨ ɏɟɗŮɘ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɔɑɜŮŰŬɘ ɞ 

ŮɛɓɞɚɘŬůɛɧɠ Ŭˊɧ ůŰŮɟŮɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ŬˊŮɡɗŮɑŬɠ 

ůŰɞɜ ɧɔəɞ Űɞɡ ɗɟŮˊŰɘəɞɨ ɛɏůɞɡ, əɎŰɤ Ŭˊɧ 

ŬůɖˊŰɘəɏɠ ůɡɜɗɐəŮɠ. Ƀɘ ůɡɜɗɐəŮɠ əɎŰɤ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŬɜŬˊŰɨůůɞɜŰŬɘ ɞɘ 

ɛɘəɟɞɞɟɔŬɜɘůɛɞɑ ɔɘŬ Űɘɠ ɡɔɟɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ůŰɞɜ ŮˊɤŬůŰɐɟŬ ŮɑɜŬɘ ˊɎɜŰŬ ɞɘ ɑŭɘŮɠ, 

ŭɖɚŬŭɐ ɗŮɟɛɞəɟŬůɑŬ 27ÁC əŬɘ ŬɜɎŭŮɡůɖ 120 rpm, əŬɘ ŭŮɜ ɗŬ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ 

ɡˊɧɚɞɘˊɖ ŮɟɔŬůɑŬ. Ƀ ɢɟɧɜɞɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ŮəɎůŰɞŰŮ ˊŮɑɟŬɛŬ. ɆŰɖɜ ŮɘəɧɜŬ 2.4 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɡɔɟɏɠ əŬɚɚɘɏɟɔŮɘŮɠ ɔɘŬ 7 

ŭɘŬűɞɟŮŰɘəɎ ůŰŮɚɏɢɖ. 

ȺɘəɧɜŬ2.3 Ⱦɤɜɘəɏɠ űɘɎɚŮɠ ɛŮ ɗɟŮˊŰɘəɧ 

ɡɚɘəɧ ɛɏůŬ ůŮ əŬɚɎɗɘ ŬˊɞůŰŮɑɟɤůɖɠ 

ˊɞɡ ˊɟɞɞɟɑɕɞɜŰŬɘ ɔɘŬ ɡɔɟɏɠ 

əŬɚɚɘɏɟɔŮɘŮɠ. 

ȺɘəɧɜŬ 2.2 ȺɛɓɞɚɘŬůɛɏɜŬ ŰɟɡɓɚɑŬ petri ŰŮůůɎɟɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɨůŰŮɟŬ Ŭˊɧ 5 ɛɏɟŮɠ 

ŬɜɎˊŰɡɝɖɠ ůŮ ŮˊɤŬůŰɐɟŬ ůŰɞɡɠ 27oC. ɆŰŬ ŬɟɘůŰŮɟɎ űŬɑɜŮŰŬɘ ɖ ˊɑůɤ ɧɣɖ Ůɜɩ ůŰŬ ŭŮɝɘɎ ɖ ɛˊɟɞůŰɘɜɐ 

ɧɣɖ Űɤɜ Űɟɡɓɚɑɤɜ.  
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4.3 ȹɘŬɚɞɔɐ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɔɘŬ Űɖ ŭɡɜŬŰɧŰɖŰŬ Ŭˊɞɘəɞŭɧɛɖůɖɠ Űɤɜ ɟɨˊɤɜ 

 

ɆŰɧɢɞɠ Űɖɠ ŭɘŬɚɞɔɐɠ (screening) ŬˊɞŰɏɚŮůŮ ɖ ŬɜɎŭŮɘɝɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɤɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ ɤɠ ˊɟɞɠ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɞɡ PCB 29 əŬɘ 

Űɖɠ 2,4-dCP. ȷɜɎɚɞɔŬ ɛŮ Űɖɜ űɨůɖ Űɞɡ əɎɗŮ ɟɨˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŬɜŬɚɨůŮɘɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŮɑŰŮ ȷɏɟɘŬ ɉɟɤɛŬŰɞɔɟŬűɑŬ (GC) ŮɑŰŮ Ɉɣɖɚɐɠ ȷˊɧŭɞůɖɠ Ɉɔɟɐ 

ɉɟɤɛŬŰɞɔɟŬűɑŬ (HPLC).  

Ƀ ɔŮɜɘəɧɠ ɧɟɞɠ óɢɟɤɛŬŰɞɔɟŬűɑŬô ŬɜŬűɏɟŮŰŬɘ ůŮ ɏɜŬ ˊɚɐɗɞɠ ɛŮɗɧŭɤɜ 

ŬɜɎɚɡůɖɠ əŬɘ ŰŮɢɜɘəɩɜ ŭɘŬɢɤɟɘůɛɞɨ, ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ŭɘŬűɞɟŮŰɘəɐ əŬŰŬɜɞɛɐ Űɤɜ 

ůɡůŰŬŰɘəɩɜ Ůɜɧɠ ɛɑɔɛŬŰɞɠ ɛŮŰŬɝɨ ɛɘŬɠ əɘɜɖŰɐɠ űɎůɖɠ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɡɔɟɐ ɐ 

ŬɏɟɘŬ əŬɘ ɛɑŬɠ ůŰŬŰɘəɐɠ űɎůɖɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ůŰŮɟŮɐ ɐ ɡɔɟɐ (ɄŬˊˊɎ ȷ., 2004).  

 

4.3.1 ȷɜɎɚɡůɖ Űɞɡ PCB 29  

 

Ƀ ŭɘŬɢɤɟɘůɛɧɠ ůŰɖɜ ŬɏɟɘŬ ɢɟɤɛŬŰɞɔɟŬűɑŬ ůɡɛɓŬɑɜŮɘ ůŰɖɜ ŬɏɟɘŬ űɎůɖ, 

ůɡɜŮˊɩɠ ŰŬ ůŰŮɟŮɎ əŬɘ ɡɔɟɎ ŭŮɑɔɛŬŰŬ ́ ɟɏˊŮɘ ˊɟɩŰŬ ɜŬ ŬŮɟɘɞˊɞɘɖɗɞɨɜ. Ƀɘ ŮɜɩůŮɘɠ ˊɞɡ 

ŬɜŬɚɨɞɜŰŬɘ ɛŮ GC ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɗŮɟɛɘəɎ ůŰŬɗŮɟɏɠ əŬɘ ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɐ 

ˊŰɖŰɘəɧŰɖŰŬ. Ɇɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɡɔɟɏɠ ůŰŬŰɘəɏɠ űɎůŮɘɠ Ůɜɩ ɖ əɘɜɖŰɐ űɎůɖ 

ȺɘəɧɜŬ 2.4 Ɉɔɟɏɠ əŬɚɚɘɏɟɔŮɘŮɠ 7 ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ. ɨůŰŮɟŬ Ŭˊɧ 3 ɛɏɟŮɠ ŮˊɩŬůɖɠ. 
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ŮɑɜŬɘ ɏɜŬ ŬŭɟŬɜɏɠ Ŭɏɟɘɞ (ɐɚɘɞ, ɎɕɤŰɞ, ɡŭɟɞɔɧɜɞ). ɆŮ ŬɜŰɑɗŮůɖ ÕŮ Űɖɜ ɡɔɟɐ 

ɢɟɤɛŬŰɞɔɟŬűɑŬ, ɖ əɘɜɖŰɐ űɎůɖ ŭŮɜ ŬɚɚɖɚɞŮˊɘŭɟɎ ÕŮ ŰŬ ÕɧɟɘŬ Űɞɡ ŬɜŬɚɨŰɖ. Ƀ Õɧɜɞɠ 

ɟɧɚɞɠ Űɖɠ əɘɜɖŰɐɠ űɎůɖɠ ŮɑɜŬɘ ɖ ŭɘŬəɑɜɖůɖ Űɞɡ ŬɜŬɚɨŰɖ  əŬŰɎ ɛɐəɞɠ Űɖɠ ůŰɐɚɖɠ.  

ɇŬ ɓŬůɘəɎ ŰɛɐɛŬŰŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ GC ŮɑɜŬɘ: 

ü ůɨůŰɖɛŬ ˊŬɟɞɢɐɠ əɘɜɖŰɐɠ űɎůŮɤɠ (űɏɟɞɜ Ŭɏɟɘɞ) 

ü ůɨůŰɖɛŬ ŮɘůŬɔɤɔɐɠ ŭŮɑɔɛŬŰɞɠ 

ü ůŰɐɚɖ 

ü ŬɜɘɢɜŮɡŰɐɠ əŬɘ 

ü ůɨůŰɖɛŬ ŮˊŮɝŮɟɔŬůɑŬɠ ŭŮŭɞɛɏɜɤɜ 

 

ɆŰɖɜ ŮɘəɧɜŬ 2.5 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ůɨůŰɖɛŬ ŬɏɟɘŬɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛŮ ŮˊɘůɖɛŬůɛɏɜŬ ŰŬ ŭɘɎűɞɟŬ ŰɛɐɛŬŰŬ Űɞɡ. 

 

 

 

4.3.1.1 ɄɟɞŮŰɞɘɛŬůɑŬ ŭŮɘɔɛɎŰɤɜ 

 

ɇŬ ŭŮɑɔɛŬŰŬ Ŭˊɧ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ ŭɘŬɚɞɔɐɠ Űɞɡ PCB 29 ŮəɢɡɚɑůŰɖəŬɜ ɛŮ ɑůɞ 

ɧɔəɞ ɞɝɘəɞɨ ŬɘɗɡɚŮůŰɏɟŬ ˊɟɘɜ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɞɡɠ ůŰɖɜ ůɡůəŮɡɐ ŬɏɟɘŬɠ 

ɢɟɤɛŬŰɞɔɟŬűɑŬɠ. 

 

ȺɘəɧɜŬ 2.5 ɃɟɔŬɜɞɚɞɔɑŬ ůɡůŰɐɛŬŰɞɠ ŬɏɟɘŬɠ ɢɟɤɛŬŰɞɔɟŬűɑŬɠ (GC) 

ȾɘɜɖŰɐ űɎůɖ (Ŭɏɟɘɞ ɐɚɘɞ) 

ȳɟɔŬɜɞ GC ɆɨůŰɖɛŬ ŮˊŮɝŮɟɔŬůɑŬ ŭŮŭɞɛɏɜɤɜ ɇɟɘɢɞŮɘŭɐ ůŰɐɚɖ GC  

ɆɨůŰɖɛŬ ŮɘůŬɔɤɔɐɠ ŭŮɑɔɛŬŰɞɠ ȷɜɘɢɜŮɡŰɐɠ ŭɏůɛŮɡůɖɠ ɖɚŮəŰɟɞɜɑɤɜ  






























































































