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1.0  ʋɺʆɼ 
 
ʄʠʥʠʩʪʘʨʩʪʚʦ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ ʨʝʘʣʠʟʫʿʝ ʄʦʥʠʪʦʨʠʥʛ 
ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ (ɺɹʂ) ʢʘʦ ʜʝʦ 
ʇʨʦʿʝʢʪʘ Ăʂʦʥʘʯʥʦ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʟʘʛʘʹʝˁʘ ʠ ʯʠʰ˂ʝˁʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ 
ʢʘʥʘʣʘñ. ʇʨʦʛʨʘʤʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʫ ʧʦʨʝʜ ɺɹʂ ʦʙʫʭʚʘ˂ʝʥʠ ʠ ʣʘʪʝʨʘʣʥʠ ʢʘʥʘʣʠ 
I-61, I-64 ʠ KC-III. 
 
ɻʨʘʜʩʢʠ ʟʘʚʦʜ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ɹʝʦʛʨʘʜ (ɻɿɿɱɿ), ʠʟʚʨʰʠʦ ʿʝ ʫ ʧʨʦʣʝ˂ʥʦʤ ʠ 
ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ 2009. ʛʦʜʠʥʝ, ʠʩʧʠʪʠʚʘˁʘ ʧʨʝʜʚʠʹʝʥʘ ʄʦʥʠʪʦʨʠʥʛ  ʧʨʦʛʨʘʤʦʤ 
ʥʘ ʦʩʥʦʚʫ ʫʛʦʚʦʨʘ ʙʨ. 401-00-520/2009-01, ʦʜ 19. ʤʘʿʘ 2009. ʠ  ʫʛʦʚʦʨʘ ʙʨ. 401-
00-350/2009-02 ʦʜ 6. ʘʧʨʠʣʘ 2009. ʛʦʜʠʥʝ, ʟʘʢˀʫʯʝʥʠʭ ʩʘ ʄʠʥʠʩʪʘʨʩʪʚʦʤ 
ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ. ʇʨʦʛʨʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʿʝ ʩʘʩʪʘʚʥʠ ʜʝʦ 
ʥʘʚʝʜʝʥʠʭ ʫʛʦʚʦʨʘ. 
 
ʀʩʧʠʪʠʚʘˁʘ ʩʫ ʦʙʘʚˀʝʥʘ ʥʘ 10 ʧʨʦʬʠʣʘ, ʘ ʦʙʫʭʚʘ˂ʝʥ ʿʝ ʩʝʢʪʦʨ ɺɹʂ ʦʜ ʦʢʦ 20ʢʤ. 
ʉʚʘ ʪʝʨʝʥʩʢʘ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʘ ʠʩʧʠʪʠʚʘˁʘ ʠʟʚʨʰʠʦ ʿʝ ɻɿɿɱɿ, ʢʦʿʠ ʿʝ 
ʩʝʨʪʠʬʠʢʦʚʘʥ ʠ ʘʢʨʝʜʠʪʦʚʘʥ ʟʘ ʦʚʫ ʚʨʩʪʫ ʠʩʧʠʪʠʚʘˁʘ.  
 
ʆʮʝʥʘ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ ʠʟʚʨʰʝʥʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʨʝʛʫʣʘʪʠʚʝ ʈʉ ʠ ICPDR - Water 
Quality Classification ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʪʨʘʥʩʥʘʮʠʦʥʘʣʥʫ ʤʦʠʪʦʨʠʥʛ ʤʨʝʞʫ ʥʘ ɼʫʥʘʚʫ 
(TNMN), ʘ ʩʝʜʠʤʝʥʪʘ ʧʨʝʤʘ Canadian Quality Sediment Guideline ʠ ICPDR -
Determinand list for sediments of TNMN. 
 
ʅʘʧʦʤʠˁʝʤʦ ʜʘ ʩʫ ʠʩʪʘ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʘ ʠʩʧʠʪʠʚʘˁʘ ʠʟʚʨʰʝʥʘ ʠ ʫ ʿʝʩʝʥ 
2008. ʛʦʜʠʥʝ ʥʘ ʦʩʥʦʚʫ ʫʛʦʚʦʨʘ ʩʘ ʋʅɼʇ ʉʨʙʠʿʘ, ʪʘʢʦ ʜʘ ʧʦʩʪʦʿʠ ʢʦʥʪʠʥʫʠʪʝʪ ʫ 
ʥʘʚʝʜʝʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʠ ʤʦʛʫ˂ʥʦʩʪ ʧʦʨʝʹʝˁʘ ʨʝʟʫʣʪʘʪʘ. 
 
ʀʟʚʝʰʪʘʿ ʩʘʜʨʞʠ ʪʝʢʩʪ ʩʘ ʧʨʠʢʘʟʦʤ: ʜʦʩʘʜʘʰʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʤʝʪʦʜʦʣʦʛʠʿʝ ʨʘʜʘ, 
ʧʦʿʝʜʠʥʘʯʥʠʭ ʠ ʫʧʦʨʝʜʥʠʭ ʨʝʟʫʣʪʘʪʘ ʩʚʠʭ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ, ʭʝʤʠʿʩʢʠʭ, 
ʩʘʥʠʪʘʨʥʦ-ʤʠʢʨʦʙʠʦʣʦʰʢʠʭ, ʤʠʢʨʦʙʠʦʣʦʰʢʠʭ ʠ ʭʠʜʨʦʙʠʦʣʦʰʢʠʭ ʠʩʧʠʪʠʚʘˁʘ 
ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ, ʛʨʘʬʠʢʦʥʘ, ʪʘʙʝʣʘ, ʮʨʪʝʞʘ, ʬʦʪʦʛʨʘʬʠʿʘ,  
ʢʦʤʝʥʪʘʨʘ ʨʝʟʫʣʪʘʪʘ ʠʩʧʠʪʠʚʘˁʘ ʠʟ ʿʫʥʘ ʠ ʦʢʪʦʙʨʘ, ʟʘʢˀʫʯʘʢʘ ʠ ʧʨʝʧʦʨʫʢʘ ʟʘ 
ʜʘˀʠ ʨʘʜ ʢʘʦ ʠ ʨʝʬʝʨʝʥʮʠ.  

 
ɺʝʣʠʢʠ ɹʘʯʢʠ ʢʘʥʘʣ, ʩʘʛʨʘʹʝʥ ʿʝ ʫ XVIII ʚʝʢʫ ʟʘ ʧʦʪʨʝʙʝ ʚʦʜʦʩʥʘʙʜʝʚʘˁʘ, 
ʧʣʦʚʠʜʙʝ ʠ ʦʜʚʦʜˁʘʚʘˁʘ. ɺʨʝʤʝʥʦʤ, ʦʢʦ ˁʝʛʘ ʿʝ ʬʦʨʤʠʨʘʥʘ ʤʨʝʞʘ ʜʨʝʥʘʞʥʠʭ 
ʠ ʠʨʠʛʘʮʠʦʥʠʭ ʢʘʥʘʣʘ, ʢʘʦ ʠ ʥʘʩʝˀʘ ʩʘ ʙʨʦʿʥʠʤ ʦʙʿʝʢʪʠʤʘ ʘʛʨʦ ʢʦʤʧʣʝʢʩʘ. 
 
ɼʘʥʘʩ ʩʫ ʬʫʥʢʮʠʿʝ ʢʘʥʘʣʘ ʠ: ʥʘʚʦʜˁʘʚʘˁʝ, ʩʧʦʨʪ, ʨʝʢʝʘʮʠʿʘ, ʪʫʨʠʟʘʤ, ʘʣʠ ʠ 
ʧʨʠʭʚʘʪʘˁʝ ʩʚʠʭ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʠʟ ʥʘʩʝˀʘ, ʠʥʜʫʩʪʨʠʿʝ ʠ ʘʛʨʦʢʦʤʧʣʝʢʩʘ ʥʘ 
ˁʝʛʦʚʠʤ ʦʙʘʣʘʤʘ. ɺʠʰʝʜʝʮʝʥʠʿʩʢʦ ʠʩʧʫʰʪʘˁʝ ʠʥʜʫʩʪʨʠʿʩʢʠʭ, ʢʦʤʫʥʘʣʥʠʭ ʠ 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʩʘ ʬʘʨʤʠ, ʙʝʟ ʧʨʝʯʠʰ˂ʘʚʘˁʘ, ʢʘʦ ʠ ʩʣʘʙʘ ʧʨʦʪʦʯʥʦʩʪ ʠ ʤʘʣʠ 
ʝʢʦʣʦʰʢʠ ʢʘʧʘʮʠʪʝʪ ʚʦʜʦʪʦʢʘ, ʜʦʚʝʣʠ ʩʫ ʜʦ ʧʦʪʧʫʥʝ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʿʝʜʠʥʠʭ 
ʩʝʢʪʦʨʘ ʥʠʟʚʦʜʥʦ ʦʜ ʥʘʿʚʝ˂ʠʭ ʟʘʛʘʹʠʚʘʯʘ. 
 
ʉʚʘ ʜʦ ʩʘʜʘ ʦʙʘʚˀʝʥʘ ʠʩʧʠʪʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʢʘʥʘʣ ɺʨʙʘʩ-ɹʝʟʜʘʥ, ʦʜ 6 km 
ʜʦ ʫʰ˂ʘ ʫ ʢʘʥʘʣ ɹʦʛʦʿʝʚʦ-ɹʝʯʝʿ, ʥʘʿʟʘʛʘʹʝʥʠʿʠ ʚʦʜʦʪʦʢ ʫ ɺʦʿʚʦʜʠʥʠ, ʘ ʉʨʙʠʿʘ ʿʝ, 
ʧʨʝʤʘ ʧʦʜʘʮʠʤʘ ʄʝʹʫʥʘʨʦʜʥʝ ʢʦʤʠʩʠʿʝ ʟʘ ʟʘʰʪʠʪʫ ɼʫʥʘʚʘ (ICPDR), ʥʘ ʪʨʝ˂ʝʤ 
ʤʝʩʪʫ ʧʦ ʫʥʦʩʫ ʥʫʪʨʠʿʝʥʘʪʘ, ʩʘ ʯʘʢ 45 ʢʨʠʪʠʯʥʠʭ ʤʝʩʪʘ. 
 
ʇʨʦʪʦʢ ʚʦʜʝ ʥʘ ʧʦʪʝʟʫ ʎʨʚʝʥʢʘ-ɺʨʙʘʩ ʧʦʩʪʦʿʠ ʩʘʤʦ ʢʘʜʘ ʩʫ ʦʪʚʦʨʝʥʝ ʫʩʪʘʚʘ ʫ 
ʄʘʣʦʤ ʉʪʘʧʘʨʫ ʠ ʧʨʝʚʦʜʥʠʮʘʤʘ ʫ ɺʨʙʘʩʫ, ʨʘʜʠ ʜʦʪʦʢʘ ʩʚʝʞʝ ʚʦʜʝ ʠʟ ɼʫʥʘʚʘ ʠ 
ʦʜʥʦʰʝˁʘ ʜʝʣʘ ʠʩʪʘʣʦʞʝʥʦʛ ʩʝʜʠʤʝʥʪʘ. ʋ ʪʦʢʫ ʢʘʤʧʘˁʝ ʧʨʝʨʘʜʝ ʰʝ˂ʝʨʥʝ ʨʝʧʝ 
ʧʨʦʪʦʢʘ ʥʝʤʘ ʥʘ ʩʝʢʪʦʨʫ ʎʨʚʝʥʢʘ-ɺʨʙʘʩ, ʜʦʢ ʥʠʟʚʦʜʥʦ ʧʨʦʪʦʢ ʫʩʣʦʚˀʘʚʘʿʫ ʩʘʤʦ 
ʦʪʧʘʜʥʝ ʚʦʜʝ ʢʦʿʝ ʩʝ ʠʟ ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64 ʠ I-61 ʠʟʣʠʚʘʿʫ ʫ ɺɹʂ. 
 
ʋ ʦʚʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ je ʠʩʧʠʪʠʚʘˁʝ ʩʝʜʠʤʝʥʪʘ, ʿʝʨ ʩʝ 
ʦʨʛʘʥʩʢʠ ʠ ʥʝʦʨʛʘʥʩʢʠ ʤʠʢʨʦʧʦʣʫʪʘʥʪʠ ʫʛʣʘʚʥʦʤ ʘʜʩʦʨʙʫʿʫ ʥʘ ʥʘʿʩʠʪʥʠʿʦʿ ʦʨʛʘʥʦ-
ʤʠʥʝʨʘʣʥʦʿ ʬʨʘʢʮʠʿʠ ʩʝʜʠʤʝʥʪʘ, ʢʦʿʫ ʜʦʤʠʥʘʥʪʥʦ ʯʠʥʠ ʛʣʠʥʘ.  
 

 
 

ʉʣʠʢʘ 1. Rumex hydrolapathum 
 

ʋ ʨʝʘʣʠʟʘʮʠʿʠ ʄʦʥʠʪʦʨʠʥʛʘ ʩʚʝʩʨʜʥʫ ʧʦʤʦ˂ ʫ ʦʙʝʟʙʝʹʝˁʫ ʯʘʤʮʘ ʟʘ ʫʟʦʨʢʦʚʘˁʝ, 
ʠ ʨʘʜʫ ʥʘ ʪʝʨʝʥʫ, ʧʨʫʞʠʣʝ ʩʫ ʥʘʤ ʢʦʣʝʛʝ ʠʟ ɱɺʇ ñɺʆɼɽ ɺʆɱɺʆɼʀʅɽò, ʰʪʦ ʥʘʤ ʿʝ 
ʙʠʣʦ ʠʟʫʟʝʪʥʦ ʜʨʘʛʦʮʝʥʦ, ʿʝʨ ʩʫ ʢʘʦ ʫʧʨʘʚˀʘʯʠ ʦʚʠʤ ʚʦʜʥʠʤ ʧʦʜʨʫʯʿʝʤ, 
ʠʟʫʟʝʪʥʠ ʧʦʟʥʘʚʘʦʮʠ ʣʦʢʘʣʥʠʭ ʧʨʠʣʠʢʘ. 
 
ʅʘʧʦʤʠˁʝʤʦ ʜʘ ʿʝ ʫ ʧʨʦʣʝ˂ʥʦʤ ʧʝʨʠʦʜʫ ʠʩʧʠʪʘʥ ʫʟʦʨʘʢ ʠʟ ʢʘʥʘʣʘ 
ʰʝ˂ʝʨʘʥʝ ʫ ɺʨʙʘʩʫ (ʧʨʦʬʠʣ 2), ʘʣʠ ʫ ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ ʫ ʢʘʥʘʣʫ ʥʠʿʝ ʙʠʣʦ 
ʚʦʜʝ, ʧʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʜʦʛʦʚʦʨʘ ʩʘ ʧʨʝʜʩʪʘʚʥʠʮʠʤʘ ʄʠʥʠʩʪʘʨʩʪʚʘ, 
ʀʥʩʪʠʪʫʪʘ ʟʘ ʚʦʜʦʧʨʠʚʨʝʜʫ Ăɱʘʨʦʩʣʘʚ ʏʝʨʥʠñ ʠ ʉʪʨʫʯʥʝ ʛʨʫʧʝ ʇʨʦʿʝʢʪʘ, 
ʫʟʦʨʘʢ ʫʟʝʪ ʥʘ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʣʘʪʝʨʘʣʥʦʤ ʢʘʥʘʣʫ I-64, ʥʠʟʚʦʜʥʦ ʦʜ 
ʎʨʚʝʥʢʝ, ʘ ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ, ʢʦʜ ʚʦʜʦʟʘʭʚʘʪʘ ʧʦʜʩʠʩʪʝʤʘ Ăɫʫʨʦ ʉʪʨʫʛʘʨñ. 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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2.0  ɼʆʉɸɼɸʐɳɽ ɸʂʊʀɺʅʆʉʊʀ  

 
ɺɹʂ ʿʝ ʦʢʦʩʥʠʮʘ ʟʘ ʥʠʟ ʤʘˁʠʭ ʜʨʝʥʘʞʥʠʭ ʢʘʥʘʣʘ ʠʣʠ ʢʘʥʘʣʘ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʫ 
ʮʝʥʪʨʘʣʥʦʤ ʜʝʣʫ ɹʘʯʢʝ. ʀʥʪʝʥʟʠʚʥʦ ʟʘʛʘʹʠʚʘˁʘ ɺɹʂ ʥʘ ʧʦʪʝʟʫ ʦʜ ʎʨʚʝʥʢʝ ʜʦ 
ʪʨʠʘʥʛʣʘ ʝʢʩʢʘʣʠʨʘ ʦʜ ʰʝʟʜʝʩʝʪʠʭ ʛʦʜʠʥʘ XX ʚʝʢʘ.  
 
ɽʢʦʣʦʰʢʠ ʢʘʧʘʮʠʝʪ ɺɹʂ ʿʝ ʧʨʝʚʘʟʠʹʝʥ, ʪʘʢʦ ʜʘ ʿʝ ʘʥʘʝʨʦʙʠʿʘ ʥʦʨʤʘʣʥʘ ʧʦʿʘʚʘ ʥʘ 
ʩʝʢʪʦʨʫ: ʧʨʝʚʦʜʥʠʮʘ ʫ ɺʨʙʘʩʫ-ʪʨʠʥʘʛʣ, ʰʪʦ ʧʦʚʨʝʤʝʥʦ ʨʝʟʫʣʪʠʨʘ ʧʦʤʦʨʦʤ ʨʠʙʘ. 
ɿʙʦʛ ʤʠʥʠʤʘʣʥʦʛ ʧʨʦʪʠʮʘʿʘ, ʩʧʠʨʘˁʘ ʟʝʤˀʝ ʫ ʢʘʤʧʘˁʠ ʧʨʝʨʘʜʝ ʰʝ˂ʝʨʥʝ ʨʝʧʝ ʠ 
ʜʨʫʛʠʭ ʥʝʧʦʚʦˀʥʠʭ ʫʪʠʮʘʿʘ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʦʪʧʘʜʥʠʭ ʚʦʜʘ, ʥʘ ʦʚʦʤ ʧʦʪʝʟʫ 
ʬʦʨʤʠʨʘʦ ʩʝ ʩʣʦʿ ʩʝʜʠʤʝʥʪʘ ʯʠʿʘ ʜʝʙˀʠʥʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʤʝʩʪʠʤʘ ʧʨʝʣʘʟʠ 1 m. 
  
ʇʦʪʨʝʙʘ ʟʘ ʯʠʰ˂ʝˁʝʤ ʠ ʨʝʤʝʜʠʿʘʮʠʿʦʤ ʥʘʚʝʜʝʥʦʛ ʩʝʢʪʦʨʘ ɺɹʂ ʧʦʩʪʦʿʠ ʚʝ˂ ʜʫʛʠ 
ʥʠʟ ʛʦʜʠʥʘ ʘʣʠ ʥʠʿʝ ʩʪʨʫʯʥʦ ʦʧʨʘʚʜʘʥʦ ʠʟʤʫˀʠʚʘʪʠ ʩʝʜʠʤʝʥʪ ʢʘʥʘʣʘ, ʘ ʥʝ 
ʩʘʥʠʨʘʪʠ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʠʟʚʦʨʝ ʟʘʛʘʹʠʚʘˁʘ ʦʪʧʘʜʥʠʤ ʚʦʜʘʤʘ. 
 
ʋ ʧʦʩʣʝʜˁʠʭ 20 ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʩʧʨʦʚʝʜʝʥʝ ʩʫ ʦʜʨʝʹʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 
ʬʦʨʤʠʨʘˁʫ ʂʘʪʘʩʪʨʘ ʟʘʛʘʹʠʚʘʯʘ, ʫʪʚʨʹʠʚʘˁʫ ʚʨʩʪʝ ʠ ʢʦʣʠʯʠʥʝ ʟʘʛʘʹʫʿʫ˂ʠʭ 
ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʩʝ ʠʟʣʠʚʘʿʫ ʫ ɺɹʂ. ʂʘʪʘʩʪʘʨ ʿʝ ʬʦʨʤʠʨʘʦ ʇʨʠʨʦʜʥʦ - ʤʘʪʝʤʘʪʠʯʢʠ 
ʬʘʢʫʣʪʝʪ, ɼʝʧʘʨʪʤʘʥ ʟʘ ʭʝʤʠʿʫ, ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʅʦʚʦʤ ʉʘʜʫ.  
 
ʉʠʩʪʝʤʘʪʩʢʫ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʘ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʠ ʩʝʜʠʤʝʥʪʘ ʢʘʥʘʣʘ 
ɺʨʙʘʩ-ɹʝʟʜʘʥ, ʚʨʰʠ ʈʝʧʫʙʣʠʯʢʠ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʠ ʟʘʚʦʜ (ʈʍʄɿ), ʥʘ 
ʧʨʦʬʠʣʠʤʘ Ăɺʨʙʘʩ 1ñ ʠ Ăɺʨʙʘʩ 2ñ, ʘ ʨʝʟʫʣʪʘʪʝ ʜʦʩʪʘʚˀʘ ʩʚʠʤ ʥʘʜʣʝʞʥʠʤ 
ʠʥʩʪʠʪʫʮʠʿʘʤʘ ʠ ʦʨʛʘʥʠʤʘ ʫ ʈʝʧʫʙʣʠʮʠ ʠ ʇʦʢʨʘʿʠʥʠ.  
 
ʋ ʧʝʨʠʦʜʫ ʦʜ 2005. ʛʦʜʠʥʝ ʫ ʚʠʰʝ ʥʘʚʨʘʪʘ ʚʨʰʝʥʘ ʩʫ ʧʦʚʨʝʤʝʥʘ, ʮʠˀʘʥʘ 
ʠʩʧʠʪʠʚʘˁʘ ʟʘʛʘʹʝʥʦʩʪʠ ʚʦʜʝ ʠ ʩʝʜʠʤʝʥʪʘ, ʘ ʨʝʘʣʠʟʦʚʘʣʠ ʩʫ ʠʭ: ĂNIVA, 
Ăɼʝʢʦʥʪʘñ ʠ Ăɻʨʘʜʩʢʠ ʟʘʚʦʜ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ɹʝʦʛʨʘʜñ.  
 
NIVA ʿʝ ʩʧʨʦʚʝʣʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʥʘ ʧʦʪʝʟʫ ñʫʟʚʦʜʥʦ ʦʜ ʎʨʚʝʥʢʝ-ʥʠʟʚʦʜʥʦ ʦʜ 
ʊʨʠʘʥʛʣʘò ʫʩʤʝʨʝʥʘ ʥʘ: ʨʝʛʠʩʪʨʦʚʘˁʝ ʠʟʚʦʨʘ ʟʘʛʘʠ́ʚʘˁʘ ɺɹʂ ʠ ʣʘʪʝʨʘʣʥʠʭ 
ʢʘʥʘʣʘ, ʜʝʬʠʥʠʩʘˁʝ ʚʨʩʪʝ ʠ ʢʦʣʠʯʠʥʝ ʟʘʛʘʫ́ʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʠʩʧʫʪhʘʿʫ, 
ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʢʚʘʣʠʪʝʪ ʚʦʜʝ ʠ ʩʝʜʠʤʝʥʪʘ, ʢʘʦ ʠ ʧʨʝʜʣʘʛʘˁʝ ʤʝʨʘ ʟʘ 
ʩʘʥʘʮʠʿʫ ʫʪʚʨʝ́ʥʦʛ ʩʪʘˁʘ.  
 
ɼʝʢʦʥʪʘ ʿʝ ʩʚʦʿʘ ʠʩʧʠʪʠʚʘˁʘ ʫʩʤʝʨʠʣʘ ʥʘ ʫʪʚʨʠ́ʚʘˁʝ ʧʦʣʦʞʘʿʘ, ʜʝʙˀʠʥʝ ʠ 
ʩʪʝʧʝʥʘ ʟʘʛʘʝ́ʥʦʩʪʠ ʩʝʜʠʤʝʥʪʘ, ʩʘ ʧʨʝʜʣʦʟʠʤʘ ʟʘ ʥʘʯʠʥ ʚʘ́ʝˁʘ, ʪʝʭʥʦʣʦʛʠʿʫ 
ʪʨʝʪʤʘʥʘ ʠ ʤʦʛʫʥ˂ʦʩʪʠ ʦʜʣʘʛʘˁʘ ʩʝʜʠʤʝʥʪʘ. ʆʚʘ ʠʩʧʠʪʠʚʘˁʘ ʦʙʫʭʚʘʪʠʣʘ ʩʫ 
ʩʘʤʦ ʩʝʢʪʦʨ ɺɹʂ ʦʜ ʧʨʝʚʦʜʥʠʮʝ ʫ ɺʨʙʘʩʫ ʜʦ ʊʨʠʘʥʛʣʘ, ʫ ʜʫʞʠʥʠ ʦʜ 6 km.  
 
ɻʨʘʜʩʢʠ ʟʘʚʦʜ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ɹʝʦʛʨʘʜ ʧʦʨʝʜ ʠʩʧʠʪʠʚʘˁʘ ʟʘʛʘʹʝʥʦʩʪʠ ʚʦʜʝ ʠ 
ʩʝʜʠʤʝʥʪʘ ɺɹʂ, ʣʘʪʝʨʘʣʥʠʭ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʠ ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʢʘʥʘʣʘ, ʦʙʘʚʠʦ ʿʝ 
ʠ ʠʩʧʠʪʠʚʘˁʝ ʢʫʤʫʣʘʮʠʿʝ ʪʝʰʢʠʭ ʤʝʪʘʣʘ ʫ ʭʠʜʨʦʙʠʦʥʪʠʤʘ, ʢʘʦ ʠ ʨʝʛʠʩʪʨʘʮʠʿʫ 
ʧʨʠʩʫʪʥʠʭ ʚʨʩʪʘ ʘʣʛʠ, ʤʘʢʨʦʬʠʪʘ, ʟʦʦʧʣʘʥʢʪʦʥʘ, ʤʘʢʨʦʠʥʚʝʨʪʝʙʨʘʪʘ ʠ 
ʠʭʪʠʦʬʘʫʥʝ. 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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3.0  ʄɽʊʆɼʆʃʆɻʀɱɸ 
 
ʄʦʥʠʪʦʨʠʥʛ ʨʝʘʣʠʟʦʚʘʥ ʫ 2009. ʛʦʜʠʥʠ ʧʨʝʜʩʪʘʚˀʘ ʥʘʩʪʘʚʘʢ ʠʩʧʠʪʠʚʘˁʘ 
ʩʧʨʦʚʝʜʝʥʠʭ ʫ 2008. ʛʦʜʠʥʠ, ʢʦʿʘ ʿʝ ʬʠʥʘʥʩʠʨʘʦ ʋʅɼʇ, ʧʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʠʩʪʘ 
ʤʝʪʦʜʦʣʦʛʠʿʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʠ ʚʘʣʠʜʥʦ ʟʘʢˀʫʯʠʚʘˁʝ. 
  
ʋ ʦʢʚʠʨʫ ʧʨʠʤʝˁʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʜʝʬʠʥʠʩʘʥʠ ʩʫ: ʥʘʯʠʥ ʠʟʙʦʨʘ ʤʦʥʠʪʦʨʠʥʛ 
ʧʨʦʬʠʣʘ, ʫʟʠʤʘˁʘ ʫʟʦʨʘʢʘ ʚʦʜʝ ʩʝʜʠʤʝʥʪʘ ʠ ʙʠʦʪʝ, ʦʧʨʝʤʘ ʠ ʥʘʯʠʥ ʪʝʨʝʥʩʢʠʭ ʠ 
ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʠʩʧʠʪʠʚʘˁʘ, ʧʨʦʚʝʨʘ ʧʦʫʟʜʘʥʦʩʪʠ ʘʥʘʣʠʪʠʯʢʠʭ ʨʝʟʫʣʪʘʪʘ, 
ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʦʮʝʥʫ ʠ ʥʘʯʠʥ ʦʮʝʥʝ ʩʪʝʧʝʥʘ ʟʘʛʘʹʝʥʦʩʪʠ 
 
3.1 ʀɿɹʆʈ  ʄʆʅʀʊʆʈʀʅɻ  ʇʈʆʌʀʃɸ 
 
ʇʦʣʦʞʘʿ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣʘ ʫ ʦʢʚʠʨʫ ʩʧʨʦʚʝʜʝʥʦʛ ʄʦʥʠʪʦʨʠʥʛʘ, ʛʝʥʝʨʘʣʥʦ ʿʝ 
ʜʝʬʠʥʠʩʘʥ ʇʨʦʛʨʘʤʦʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʘʣʠ ʢʦʥʢʨʝʪʥʠ ʠʟʙʦʨ ʤʠʢʨʦʣʦʢʘʮʠʿʝ 
ʧʨʦʬʠʣʘ ʠʟʚʨʰʝʥ ʿʝ ʥʘʢʦʥ ʦʙʠʣʘʩʢʘ ʪʝʨʝʥʘ, ʫ ʜʦʛʦʚʦʨʫ ʩʘ ʧʨʝʜʩʪʘʚʥʠʮʠʤʘ: 
ʄʠʥʠʩʪʘʨʩʪʚʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ, ʉʪʨʫʯʥʝ ʛʨʫʧʝ 
ʇʨʦʿʝʢʪʘ  ʠ ɱɺʇ Ăɺʦʜʝ ɺʦʿʚʦʜʠʥʝñ. 
 
ʆʜʨʝʹʠʚʘˁʝ ʥʝʧʦʩʨʝʜʥʝ ʣʦʢʘʮʠʿʝ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣʘ ʠʟʚʨʰʝʥʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ 
ʩʣʝʜʝ˂ʠʤ ʧʨʠʥʮʠʧʠʤʘ:  

¶ ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪ ʟʘ ʫʟʚʦʜʥʠ ʩʝʢʪʦʨ ʚʦʜʦʪʦʢʘ. 

¶ ʐʪʦ ʙʦʘˀ ʠʟʤʝʰʘʥʦʩʪ ʠ ʭʦʤʦʛʝʥʦʩʪ ʚʦʜʝ ʫ ʚʦʜʦʪʦʢʫ, ʜʘ ʢʦʝʬʠʮʠʿʝʥʪ 
ʠʟʤʝʰʘʥʦʩʪʠ ʙʫʜʝ 0,70-0,90. 

¶ ʃʦʢʘʮʠʿʘ ʢʦʥʪʨʦʣʥʦʛ ʧʨʦʬʠʣʘ ʿʝ ʚʘʥ ʟʦʥʝ ʜʠʨʝʢʪʥʦʛ ʫʪʠʮʘʿʘ ʫʣʠʚʘ 
ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʠ ʧʨʠʪʦʢʘ. 

¶ ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣ ʿʝ ʧʨʠʩʪʫʧʘʯʘʥ,  ʙʝʟʙʝʜʘʥ ʟʘ ʤʘʥʠʧʫʣʘʮʠʿʫ ʦʧʨʝʤʦʤ ʠ 
ʫʟʦʨʮʠʤʘ, ʦʜʥʦʩʥʦ, ʦʤʦʛʫ˂ʘʚʘ ʫʟʦʨʢʦʚʘˁʝ ʠ ʪʝʨʝʥʩʢʘ ʠʩʧʠʪʠʚʘˁʘ. 

 
3.2. ʋɿʆʈʂʆɺɸɳɽ ɺʆɼɽ, ʉɽɼʀʄɽʅʊɸ ʀ ʍʀɼʈʆɹʀʆʅɸʊɸ 
 
ʊʦʢʦʤ ʫʟʦʨʢʦʚʘˁʘ ʧʨʠʤʝˁʝʥʠ ʩʫ ʥʠʞʝ ʥʘʚʝʜʝʥʠ ʩʪʘʥʜʘʨʜʠ ʈʉ, ʢʦʿʠ ʩʫ 
ʠʜʝʥʪʠʯʥʠ ʤʝʹʫʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʠ ʪʦ: 

¶ ʉɼʈʉ-ʀʉʆ 5667-1 ʉʤʝʨʥʠʮʝ ʟʘ ʠʟʘʨʜʫ ʧʨʦʛʨʘʤʘ ʟʘ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-2 ʉʤʝʨʥʠʮʝ ʟʘ ʧʦʩʪʫʧʢʝ ʫʟʠʤʘˁʘ ʫʟʦʨʘʢʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-3 ʉʤʝʨʥʠʮʝ ʟʘ ʟʘʰʪʠʪʫ ʠ ʧʦʩʪʫʧʘˁʝ ʩʘ ʫʟʦʨʮʠʤʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-4 ʉʤʝʨʥʠʮʝ ʟʘ ʧʦʩʪʫʧʢʝ ʫʟʠʤʘˁʘ ʫʟʦʨʘʢʘ ʠʟ ʧʨʠʨʦʜʥʠʭ ʠ 
ʚʝʰʪʘʯʢʠʭ ʿʝʟʝʨʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-6 ʉʤʝʨʥʠʮʝ ʟʘ ʫʟʠʤʘˁʘ ʫʟʦʨʘʢʘ ʨʝʢʘ ʠ ʧʦʪʦʢʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-10 ʉʤʝʨʥʠʮʝ ʟʘ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʦʪʧʘʜʥʠʭ ʚʦʜʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-12 ʉʤʝʨʥʠʮʝ ʟʘ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʩʝʜʠʤʝʥʪʘ ʜʥʘ 

¶ ʉɼʈʉ-ʀʉʆ 7828 ʄʝʪʦʜʝ ʫʟʠʤʘˁʘ ʙʠʦʣʦʰʢʠʭ ʫʟʦʨʘʢʘ - ʉʤʝʨʥʠʮʝ ʟʘ 
ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʤʘʢʨʦʙʝʩʢʠʯʤʝˁʘʢʘ ʥʘʩʪʘˁʝʥʠʭ ʥʘ ʜʥʫ, ʧʦʤʦ˂ʫ ʨʫʯʥʠʭ 
ʤʨʝʞʘ. 

 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʐʠʨʠʥʘ ʚʦʜʝʥʦʛ ʦʛʣʝʜʘʣʘ ɺɹʂ ʿʝ ʚʨʣʦ ʤʘʣʘ, 15-30ʤ, (ʦʙʘʣʝ ʩʫ ʿʘʢʦ ʟʘʨʘʩʣʝ ʫ 
ʪʨʩʢʫ ʠ ʨʦʛʦʟ), ʘ ʣʘʪʝʨʘʣʥʠ ʢʘʥʘʣʠ ʩʫ ʰʠʨʦʢʠ ʩʚʝʛʘ ʧʘʨ ʤʝʪʘʨʘ, ʧʘ ʩʫ ʫʟʦʨʮʠ 
ʚʦʜʝ ʫʟʠʤʘʥʠ ʢʘʦ ʧʦʿʝʜʠʥʘʯʥʠ ʩʘ ʜʫʙʠʥʝ ʦʜ 0,5 ʤ. ɼʫʙʠʥʘ ɺɹʂ ʿʝ ʤʘʢʩʠʤʘʣʥʦ 
2,5ʤ ʧʘ ʥʠʩʫ ʫʟʠʤʘʥʠ ʫʟʦʨʮʠ ʩʘ ʚʠʰʝ ʜʫʙʠʥʘ ʧʦ ʚʝʨʪʠʢʘʣʠ. 
 
ʋʟʦʨʢʦʚʘˁʝ ʚʦʜʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʢʚʘʣʠʪʝʪʘ 
ʚʨʝhʥʦ ʿʝ ʩʣʝʜʝ˂ʠʤ ʨʝʜʦʤ: 

¶ ʆʜʨʝʹʠʚʘˁʝ ʚʠʜˀʠʚʠʭ ʦʪʧʘʜʥʠʭ ʧʣʠʚʘʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ, ʙʦʿʝ ʚʦʜʝ ʠ 
ʧʨʦʚʠʜʥʦʩʪʠ. 

¶ ʄʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʝ, pH ʚʨʝʜʥʦʩʪʠ, ʝʣʝʢʪʨʦʧʨʦʚʦʜˀʠʚʦʩʪʠ ʠ 
ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʨʘʩʪʚʦʨʝʥʦʛ ʢʠʩʝʦʥʠʢʘ. 

¶ ʋʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʟʘ ʤʠʢʨʦʙʠʦʣʦʰʢʫ ʘʥʘʣʠʟʫ. 

¶ ʋʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʟʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʫ ʠ ʭʝʤʠʿʩʢʫ ʘʥʘʣʠʟʫ. 
 
ʋʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʚʦʜʝ ʟʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʠ ʭʝʤʠʿʩʢʘ ʠʩʧʠʪʠʚʘˁʘ ʚʨʝhʥʦ ʿʝ 
Friedinger-ʦʚʦʤ ʙʦʮʦʤ, ʟʘʧʨʝʤʠʥʝ 3 ʣʠʪʘʨʘ, ʰʪʦ ʦʙʝʟʙʝʹʫʿʝ ʜʦʚʦˀʥʫ ʢʦʣʠʯʠʥʫ 
ʚʦʜʝ ʟʘ ʩʚʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʘ ʠʩʧʠʪʠʚʘˁʘ. ɺʦʜʘ ʝʿ ʩʠʧʘʥʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʩʪʘʢʣʝʥʫ 
ʠ ʧʣʘʩʪʠʯʥʫ ʘʤʙʘʣʘʞʫ, ʬʠʣʪʨʠʨʘʥʘ ʠ ʬʠʢʩʠʨʘʥʘ ʟʘʚʠʩʥʦ ʦʜ ʚʨʩʪʝ ʧʦʢʘʟʘʪʝˀʘ 
ʢʦʿʠ ʩʝ ʦʜʨʝʹʫʿʫ.  
 
ʋʟʦʨʘʢ ʟʘ ʤʠʢʨʦʙʠʦʣʦʰʢʘ ʠʩʧʠʪʠʚʘˁʘ ʫʟʠʤʘʥ ʝʿ ʫ ʩʪʝʨʠʣʥʫ ʙʦʮʫ, ʘ ʟʘ 
ʦʜʨʝʹʠʚʘˁʝ ʭʣʦʨʦʬʠʣʘ ʘ, ʫ ʤʝʪʘʣʥʫ ʙʦʮʫ. 
 
ʌʠʪʦʧʣʘʥʢʪʦʥ ʠ ʟʦʦʧʣʘʥʢʪʦʥ ʧʨʠʢʫʧˀʘʥʠ ʩʫ ʢʣʘʩʠʯʥʠʤ ʧʣʘʥʢʪʦʥʩʢʠʤ ʤʨʝʞʘʤʘ 
M¿ller gaze No 20 i No 25, ʘ ʙʝʥʪʦʬʘʫʥʘ ʿʝ ʫʟʦʨʢʦʚʘʥʘ Van Veen-ʦʚʠʤ ʙʘʛʝʨʦʤ 
ʟʘʭʚʘʪʥʝ ʧʦʚʨʰʠʥʝ 270 ʮʤ2. ɿʘ ʧʨʦʩʝʿʘʚʘˁʝ ʩʝʜʠʤʝʥʪʘ ʢʦʨʠʰ˂ʝʥʦ ʿʝ ʩʠʪʦ 

ʧʦʨʦʟʥʦʩʪʠ 200 mʤ, ʫ ʩʢʣʘʜʫ ʩʘ U.S. Standard No. 60 sieve.  
 
ɿʘ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʥʝʧʦʨʝʤʝ˂ʝʥʦʛ ʩʝʜʠʤʝʥʪʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ñcore samplerò ʬʠʨʤʝ 
Eijkelkamp. ʂʘʢʦ ʿʝ ʜʝʙˀʠʥʘ ʩʣʦʿʘ ʩʝʜʠʤʝʥʪʘ ʙʠʣʘ ʤʘʣʦ ʠʩʧʦʜ 1m, ʥʘ ʩʚʠʤ 
ʧʨʦʬʠʣʠʤʘ ʬʦʨʤʠʨʘʥ ʿʝ ʧʨʦʩʝʯʘʥ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʫʟʦʨʘʢ. ɿʘ ʘʥʘʣʠʟʫ ʫʟʠʤʘʥ ʝʿ 
ʩʝʜʠʤʝʥʪ ʯʠʿʘ ʩʫ ʯʝʩʪʠʮʝ ʤʘʝˁ ʦʜ 1 mm, ʦʜʥʦʩʥʦ ʥʘʿʩʠʪʥʠʿʘ ʬʨʘʢʮʠʿʘ ʢʦʿʘ ʩʝ ʥʘ 
ʧʨʦʬʠʣʫ ʤʦʛʣʘ ʥʘ˂ʠ. 
  
ʋʟʦʨʮʠ ʨʠʙʘ ʫʣʦʚˀʝʥʠ ʩʫ ʢʣʘʩʠʯʥʠʤ ʨʠʙʘʨʩʢʠʤ ʘʣʘʪʦʤ, ʤʨʝʞʦʤ, ʧʨʝʤʘ ʨʝʰʝˁʫ 
ʄʠʥʠʩʪʘʨʩʪʚʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ, ʙʨ. 324-04-224/2009-
03, ʦʜ 24.09.2009. ʛʦʜʠʥʝ, ʫ ʧʨʠʩʫʩʪʚʫ ʥʘʜʣʝʞʥʦʛ ʠʥʩʧʝʢʪʦʨʘ. 
 
ʉʚʠ ʣʘʢʦ ʧʨʦʤʝʥˀʠʚʠ ʧʘʨʘʤʝʪʨʠ ʦʜʨʝʹʠʚʘʥʠ ʩʫ ʦʜʤʘʭ ʥʘ ʤʝʩʪʫ ʫʟʦʨʢʦʚʘˁʘ 
(ʧʨʠʩʫʩʪʚʦ ʧʣʠʚʘʿʫ˂ʠʭ ʦʪʧʘʜʥʠʭ ʤʘʪʝʨʠʿʘ, ʧʨʦʚʠʜʥʦʩʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʝ, 
ʝʣʝʢʪʨʦʧʨʦʚʦʜˀʠʚʦʩʪ, pH ʚʨʝʜʥʦʩʪ, ʨʘʩʪʚʦʨʝʥʠ ʢʠʩʝʦʥʠʢ ʠ ʩʣ). 
 
ʉʚʠ ʦʩʪʘʣʠ ʧʦʢʘʟʘʪʝˀʠ ʩʪʘˁʘ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʧʦʩʝʙʥʦ ʦʥʠ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ 
ʩʦʬʠʩʪʠʮʠʨʘʥʝ ʫʨʝʹʘʿʝ ʟʘ ʜʝʪʝʢʮʠʿʫ, ʢʘʦ ʦʨʛʘʥʩʢʠ ʠ ʥʝʦʨʛʘʥʩʢʠ ʤʠʢʨʦʧʦʣʫʪʘʥʪʠ, 
ʦʜʨʝʹʠʚʘʥʠ ʩʫ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ. 
 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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3.3.ʊɽʈɽʅʉʂɸ ʀ ʃɸɹʆʈɸʊʆʈʀɱʉʂɸ ʀʉʇʀʊʀɺɸɳɸ 

O ʩʚʠʤ ʪʝʨʝʥʩʢʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʚʦʹʝʥ ʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʟʘʧʠʩʥʠʢ ʫ ʩʢʣʘʜʫ ʩʘ 
ʘʢʨʝʜʠʪʘʮʠʿʦʤ.  
  

 
 

ʉʣʠʢʘ 2. ʊʝʨʝʥʩʢʦ ʦʜʨʝʹʠʚʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʠʩʝʦʥʢʘ 
 
3.3.1. ʄɽʊʆɼɽ ʀ ʆʇʈɽʄɸ ʀʉʇʀʊʀɺɸɳA ʇʆɺʈʐʀʅʉʂʀʍ ɺʆɼɸ ʀ ʉɽɼʀʄɽʅʊɸ   

 
ɸʥʘʣʠʟʘ ʫʟʦʨʘʢʘ ʚʦʜʝ ʠ ʩʝʜʠʤʝʥʪ ʠʟʚʨʰʝʥʘ ʿʝ ʩʝ ʧʨʝʤʘ ʉʪʘʥʜʘʨʜʥʠʤ ʤʝʪʦʜʘʤʘ 
ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʭʠʛʠʿʝʥʩʢʝ ʠʩʧʨʘʚʥʦʩʪʠ ʚʦʜʝ ʟʘ ʧʠ˂ʝ, ʩʝʜʠʤʝʥʘʪʘ ʠ  ʟʝʤˀʝ, US 
EPA, SRPS ISO, ISO, SMEWW ʩʪʘʥʜʘʨʜʘ.  
 
ʅʘ ʪʝʨʝʥʫ ʦʜʨʝʹʠʚʘʥʠ ʩʫ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʝ ʠ ʩʝʜʠʤʝʥʪʘ, ʪʝʨʤʦʤʝʪʨʦʤ ʪ°0,1 
ʦʎ, ʘ ʠʟʛʣʝʜ, ʙʦʿʘ, ʤʠʨʠʩ ʠ ʚʠʜˀʠʚʝ ʦʪʘʜʥʝ ʤʘʪʝʨʠʿʝ ʦʜʨʝʹʝʥʠ ʩʫ 
ʦʨʛʘʥʦʣʝʧʪʠʯʢʠ. 
 
ʋʟʦʨʘʢ ʩʝʜʠʤʝʥʪʘ ʿʝ ʟʘ ʘʥʘʣʠʟʫ ʧʨʠʧʨʝʤˀʝʥ ʤʦʢʨʠʤ ʬʨʘʛʤʝʥʪʠʩʘˁʝʤ 
ʜʝʩʪʠʣʦʚʘʥʦʤ ʚʦʜʦʤ, ʦʜʚʘʿʘˁʝʤ  ʬʨʘʢʮʠʿʝ ʤʘˁʝ ʦʜ 63Õm, ʧʨʦʩʝʿʘʚʘˁʝʤ.  
 
ɽʣʝʢʪʨʦʭʝʤʠʿʩʢʠ ʩʫ ʦʜʨʝʹʝʥʠ ʧʘʨʘʤʝʪʨʠ: ʨʘʩʪʚʦʨʝʥʠ ʢʠʩʝʦʥʠʢ, ʟʘʩʠ˂ʝˁʝ 
ʢʠʩʝʦʥʠʢʦʤ ʠ ʙʠʦʭʝʤʠʿʩʢʘ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ ʧʦʩʣʝ 5 ʜʘʥʘ (ɹʇʂ5), 
ʝʣʝʢʪʨʦʧʨʦʚʦʜˀʠʚʦʩʪ ʠ pH ʚʨʝʜʥʦʩʪ ʥʘ ʪʝʨʝʥʫ ʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ. 
 
ʋ ʚʦʜʠ ʠ ʩʝʜʠʤʝʥʪʫ ʩʣʝʜʝ˂ʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʦʜʨʝʹʝʥʠ ʛʨʘʚʠʤʝʪʨʠʿʩʢʠ: ʞʘʨʝʥʠ 
ʦʩʪʘʪʘʢ, ʦʩʪʘʪʘʢ ʞʘʨʝˁʝʤ, ʩʫʩʧʝʥʜʦʚʘʥʝ ʤʘʪʝʨʠʿʝ,  ʩʝʜʠʤʝʥʪʥʝ ʤʘʪʝʨʠʿʝ, ʢʘʦ ʠ 
ʥʝʦʨʛʘʥʩʢʠ ʠ ʦʨʛʘʥʩʢʠ ʜʝʦ ʤʫˀʘ. 
 
ʍʝʤʠʿʩʢʘ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ ʍʇʂ, ʦʜʨʝʹʝʥʘ ʿʝ ʦʢʩʠʜʘʮʠʿʦʤ ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ 
ʢʘʣʠʿʫʤ ʙʠʭʨʦʤʘʪʦʤ (K2Cr2O7).  
 

ʋʢʫʧʘʥ ʘʟʦʪ N, ʦʜʨʝʹʝʥ ʿʝ ʥʘʢʦʥ ʪʝʨʤʦ-ʢʘʪʘʣʠʪʠʯʢʦʛ ʨʘʟʘʨʘˁʘ. 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʉʣʠʢʘ 3. ʀʟʣʠʚ ʦʪpʘʜʥʠʭ ʚʦʜʘ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠ ʣʘʪʝʨʘʣʥʠ ʢʘʥʘʣ I-64 

 
ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʠ  ʩʫ ʦʜʨʝʹʝʥʠ: 

¶ ɺʦʜʦʥʠʢ ʩʫʣʬʠʜ (H2S) ʩʘ N,N-ʜʠʤʝʪʠʣ-p-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ  

¶ ʋʢʫʧʥʠ ʬʦʩʬʦʨ (P), ʩʘ ʘʤʦʥʠʿʫʤʤʦʣʠʙʜʘʪʦʤ ʠ ʘʩʢʦʨʙʠʥʩʢʦʤ ʢʠʩʝʣʠʥʦʤ.  

¶ ɼʝʪʝʨ˅ʝʥʪʠ (ɸɹʉ ʠʣʠ ʄɹɸʉ), ʩʘ ʤʝʪʠʣʝʥʩʢʠʤ ʧʣʘʚʠʤ  
 
ʄʠʥʝʨʘʣʥʘ ʫˀ ʘ ʠ ʫʢʫʧʥʝ ʤʘʩʪ ʠ ʫˀʘ, ʦʜʨʝʹʝʥʠ ʩʫ IR ʩpʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʦʤ  
 
ɻʘʩʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʠʿʦʤ ʩʘ ʌʀɼ ʜʝʪʝʢʪʦʨʦʤ (CG/FID), ʘʥʘʣʠʟʠʨʘʥ ʿʝ, ʠʥʜʝʢʩ 
ʫʛˀʦʚʦʜʦʥʠʢʘ C10-C40 (ʫʢʫʧʥʠ ʫʛˀʦʚʦʜʦʥʠʮʠ) ʥʘʢʦʥ ʝʢʩʪʨʘʢʮʠʿʝ ʭʝʢʩʘʥʦʤ. 
 
Jʦʥʩʢʦʤ  ʭʨʦʤʘʪʦʛʨʘʬʠʿʦʤ ʦʜʨʝʹʠʚʘʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʢʘʪʿʦʥʠ ʠ ʘʥʦʿʥʠ: ʘʤʦʥʠʿʫʤ ʿʦʥ 
(NH4

+), ʩʫʣʬʘʪʠ (SO4
-2),  ʥʠʪʨʘʪʠ (NO3

-), ʥʠʪʨʘʪʠ (NO2
-), ʭʣʦʨʠʜʠ (Cl) 

 
ʊʝʰʢʠ ʤʝʪʘʣʠ:  

¶ ʆʣʦʚʦ (Pb), ʢʘʜʤʠʿʫʤ (Cd), ʭʨʦʤ (Cr), ʮʠʥʢ (Zn), ʙʘʢʘʨ (Cu), ʥʠʢʣ (Ni), ʢʘʣʘʿ 
(Sn), ʛʚʦʞʹʝ (Fe), ʤʘʥʛʘʥ (Mn), ʫʢʫʧʘʥ ʬʦʩʬʦʨ (P), ʢʘʣʮʠʿʫʤ (Ca), ʤʘʛʥʝʟʠʿʫʤ 
(Mg), ʥʘʪʨʠʿʫʤ (Na) ʠ ʢʘʣʠʿʫʤ (K), ʦʜʨʝʹʝʥʠ ʩʫ ICP-OES ʪʝʭʥʠʢʦʤ ʥʘʢʦʥ 
ʢʠʩʝʣʝ ʜʠʛʝʩʪʠʿʝ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʘʟʦʪʥʦʤ ʢʠʩʝʣʠʥʦʤ ʠ ʚʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜʦʤ 
(ʥʘ 70ʦʎ). 

¶ ʉʘʜʨʞʘʿ ʞʠʚʝ (Hg) ʦʜʨʝʹʝʥ ʿʝ AAS-ʘʪʦʤʩʢʦʤ ʘʙʩʦʨʧʮʠʦʥʦʤ 
ʩpʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʦʤ / ʪʝʭʥʠʢʘ ʭʣʘʜʥʠʭ ʧʘʨʘ.  

¶ ʉʘʜʨʞʘʿ ʘʨʩʝʥʘ (As) ʦʜʨʝʹʝʥ ʿʝ AAS-ʘʪʦʤʩʢʦʤ ʘʙʩʦʨʧʪʮʠʦʥʦʤ 
ʩpʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʦʤ / ʭʠʜʨʠʜʥʘ ʪʝʭʥʠʢʘ.  

 
ɻʘʩʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʠʿʦʤ  ʩʘ ʤʘʩʝʥʠʤ ʜʝʪʝʢʪʦʨʦʤ (CG/MSD),  ʘʥʘʣʠʟʠʨʘʥ ʿʝ 
ʩʘʜʨʞʘʿ ʧʝʩʪʠʮʠʜʘ, ʧʦʣʠʮʠʢʣʠʯʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʫʛˀʦʚʦʜʦʥʠʢʘ, ʧʦʣʠʭʣʦʨʦʚʘʥʠʭ 
ʙʠʬʝʥʠʣʘ ʠ ʬʝʥʦʣʘ. 
 


