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ʆʈʐʀʃ 

ʍᴇʨʩᴇʥʜ ʪʦʜʦʨʭʦʡ ʵʣʝʤʝʥʪʠʡʥ ᴇʥʜᴇʨ ʘʛʫʫʣʘʤʞ ʠʣʨʵʭ ʥʴ ʭᴇʨʩ װװʩʛʵʛʯ ʵʭ ʯʫʣʫʫʣʛʠʡʥ 

ʥʘʡʨʣʘʛʘ, ʪʫʭʘʡʥ ʙװʩ ʥʫʪʛʠʡʥ ʙʘʡʛʘʣʠʡʥ ʙʦʣʦʥ ʮʘʛ ʫʫʨʳʥ ʥᴇʭʮᴇʣʪʵʡ ʭʦʣʙʦʦʪʦʡ ʙʘʡʞ 

ʙʦʣʥʦ. ɻʵʚʯ ʩװװʣʠʡʥ ʞʠʣװװʜʵʜ ʭʦʪ ʩʫʫʨʠʥ ʛʘʟʘʨ ᴇʨʛᴇʞʠʥ ʪʵʣʵʭʠʡʥ ʭʵʨʵʵʨ ʭװʥ ʘʤʳʥ 

ʪᴇʚʣᴇʨᴇʣ, װʡʣʜʚʵʨʞʠʣʪʠʡʥ ʭʵʤʞʵʵ ʥʵʤʵʛʜʩʵʥʵʵʨ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʙʦʭʠʨʜʦʣ ʙʘ 

ʪװװʥʵʵʩ װװʩʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣᴇʣ ʥʵʤʵʛʜʩʵʵʨ ʙʘʡʥʘ. ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ ʛʵʜʵʛ ʥʴ ʭװʥʠʡ װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʳ ʫʣʤʘʘʩ ʭᴇʨʩᴇʥʜ ʦʨʛʘʥʠʢ ʙʦʣʦʥ ʦʨʛʘʥʠʢ ʙʠʰ ʙʦʜʠʩʳʥ ʘʛʫʫʣʘʤʞ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʵʵʩ ʜʘʚʞ, ʫʨʛʘʤʘʣ ʙʦʣʦʥ ʘʤʴʜ ʦʨʛʘʥʠʟʤʜ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ װʟװװʣʵʭװʡʮ 

ʪװʚʰʠʥʜ ʭʫʨʠʤʪʣʘʛʜʘʭ װʟʵʛʜʵʣ ʶʤ. ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ ʥʴ ʫʩ ʙʦʣʦʥ ʘʛʘʘʨʳʥ ʙʦʭʠʨʜʣʦʦʩ 

ʷʣʛʘʘʪʘʡ ʥʴ ʫʜʘʘʥ ʭʫʛʘʮʘʘʥʜ ʜʘʣʜ ʭʘʜʛʘʣʘʛʜʘʭ ʦʥʮʣʦʛʪʦʡ. ʋʣʤʘʘʨ ʫʨʪ ʭʫʛʘʮʘʘʥʜ ʘʤʴʜ 

ʦʨʛʘʥʠʟʤʜ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣᴇʣ װʟװװʣʵʭ ʵʩʨʜʵʣʪʵʡ ʙʘʡʜʘʛ. 

1990-ʵʵʜ ʦʥʦʦʩ ʵʭʣʵʥ ʭʠʡʛʜʩʵʥ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ 

ʩʫʜʘʣʛʘʘʥʫʫʜʘʘʩ ʭʘʨʘʭʘʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩ ʥ ɹ ʜʫʥʜ ʙʦʣʦʥ ʙʘʛʘ ʟʵʨʛʠʡʥ 

ʙʦʭʠʨʜʦʣʪʦʡ ʛʵʞ װʥʵʣʵʛʜʩʵʥ ʭʵʜʠʡ ʯ ʟʘʨʠʤ ʭʵʩʵʛʪ ʙʦʭʠʨʜʣʳʥ ʛʦʣʦʤʪ ʠʣװװ ᴇʥʜᴇʨ ʙʘʡʥʘ. 

ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʋʣʘʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ ʥʴ ʭʦʪ ʜʘʷʘʨ ʞʠʛʜ ʙʫʩ ʪʘʨʭʩʘʥ, 

ʠʭʵʚʯʣʵʥ ʪʦʜʦʨʭʦʡ ʙװʩװװʜʵʜ ʪᴇʚʣᴇʨʩᴇʥ ʙʘʡʜʘʛ. ʊʫʭʘʡʣʙʘʣ ʭʦʪʳʥ ʪᴇʚʠʡʥ ʙʘʛʘ 

ʪʦʡʨʫʫʛʠʡʥ ʟʘʤʳʥ ʜʘʛʫʫʭ ʭʵʩʛװװʜ, ʘʚʪʦ ʟʘʩʚʘʨʳʥ ʛʘʟʨʫʫʜ, ʙʘʨʠʣʛʳʥ ʤʘʪʝʨʠʘʣʳʥ ʪʘʣʙʘʡ 

ʙʦʣʦʥ ʟʘʭ, ʭʦʛʳʥ ʮʵʛ, ʟʘʨʠʤ ʰʘʪʘʭʫʫʥ ʪװʛʵʵʭ ʩʪʘʥʮʳʥ ʦʨʯʠʤ ʟʵʨʵʛ ʛʘʟʘʨʪ ʥʠʢʝʣʴ, 

ʢʦʙʘʣʴʪ, ʚʘʥʘʜʠ; ʮʘʡʨ, ʭʨʦʤ, ʤʦʣʠʙʜʝʥ; ʭʘʨ ʪʫʛʘʣʛʘ, ʟʵʩ, ʤʳʰʴʷʢ (ʭװʥʮʵʣ), ʮʘʛʘʘʥ 

ʪʫʛʘʣʛʘ ʟʵʨʵʛ ʭʦʨʫʫ װʡʣʯʣʵʣʪʵʡ 11 ʵʣʝʤʝʥʪװװʜʠʡʥ ʘʛʫʫʣʛʘ ʥʴ ʭʦʪʳʥ ʛʘʜʥʘʭ ʭᴇʨʩᴇʥʜ 

ʘʛʫʫʣʘʛʜʘʭ ʭʵʤʞʵʵʥʵʵʩ ʠʭ ʙʘʡʜʘʛ. ʄᴇʥ ɹʘʷʨʥʟװʨʭ, ʉװʭʙʘʘʪʘʨ, ʏʠʥʛʵʣʪʵʡ ʟʵʨʵʛ 

ʜװװʨʛװװʜʠʡʥ ʛʵʨ ʭʦʨʦʦʣʣʳʥ ʙװʩʵʜ ʭװʥʜ ʤʝʪʘʣʣr ʥ ʙʦʭʠʨʜʦʣʪ ʭʵʚʠʡʥ ʭʵʤʞʵʵʥʵʵʩ ᴇʥʜᴇʨ 

ʠʣʵʨʩʵʥ. ʕʥʵ ʥʴ ʪʫʭʘʡʥ ʙװʩװװʜʵʜ ʭװʥ ʘʤ, ʘʚʪʦʤʘʰʠʥʳ ʪᴇʚʣᴇʨᴇʣ ʭʵʪ ʠʭʵʩʩʵʥ, ʟʘʨʠʤ 

ʭʵʩʵʛʪ ʙʦʭʠʨ ʫʩʥʳ ʪᴇʚʣᴇʨʩᴇʥ ʩװʣʞʵʵ ʙʘʡʭʛװʡ, ʛʵʨ ʭʦʨʦʦʣʣʳʥ ʜʠʡʣʵʥʭʠ ᴇʨʭ ʥװװʨʩ ʪװʣʞ 

 ʩʵʭ ʪʦʦʩʞʠʣʪ ʠʭʪʵʡ ʟʵʨʵʛװװ ʥʩʵʵ ʭʦʛʪʦʡʛʦʦ ʭʦʣʴʞ ʭʘʷʜʘʛ, ʘʚʪʦʤʘʰʠʥʳ ʰʦʨʦʦʥ ʟʘʤʘʘʩװ

ʭʦʪ ʪᴇʣᴇʚʣᴇʣʪʠʡʥ ʙʫʨʫʫ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʣʪ, ʟʘʤʙʘʨʘʘʛװʡ ʭʦʛ ʭʘʷʛʜʣʳʥ ʤʝʥʝʞʤʝʥʪʪʵʡ 

ʰʫʫʜ ʭʦʣʙʦʦʪʦʡ ʛʵʞ ʜװʛʥʵʩʵʥ ʙʘʡʥʘ.  

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩᴇʥʜ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʦʣ ʞʠʣʵʵʩ ʞʠʣʜ ʥʵʤʵʛʜʵʞ, ʟʘʨʠʤ ʙװʩ 

ʥʫʪʘʛʪ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʥʵʵʩ ʜʘʚʩʘʥ װʟװװʣʵʣʪʪʵʡ ʙʘʡʛʘʘ ʥʴ ʪʫʭʘʡʥ ʙʦʭʠʨʜʣʦʦʩ 

ʭװʥ ʘʤʳʥ ʵʨװװʣ ʤʵʥʜʵʜ װʟװװʣʞ ʙʫʡ ʥᴇʣᴇᴇʣʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ, ʙʦʭʠʨʜʣʳʛ ʙʫʫʨʫʫʣʘʭ, 

ʩʘʘʨʤʘʛʞʫʫʣʘʭ ʘʨʛʘ ʭʵʤʞʵʵʛ ʥʵʥ ʜʘʨʫʡ ʪᴇʣᴇʚʣᴇʞ ʭʵʨʵʛʞװװʣʵʭ ʰʘʘʨʜʣʘʛʘʪʘʡʛ ʭʘʨʫʫʣʞ 

ʙʘʡʥʘ. 
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ʅʕɻɼתɻʕʕʈ ɹתʃʕɻ: ɽʈᴆʅʍʀʁ ʍʕʉʕɻ  

 ʥʜʵʩʣʵʣת .1.1

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʥʴ ʄʦʥʛʦʣ ʋʣʩʳʥ ʥʠʡʪ ʭװʥ ʘʤʳʥ ʪʘʣʘʘʩ ʠʣװװ ʭʫʚʠʡʛ ʪᴇʚʣᴇʨװװʣʩʵʥ, ʫʣʩ 

ʦʨʥʳ ʵʜʠʡʥ ʟʘʩʘʛ, װʡʣʜʚʵʨʣʵʣ, װʡʣʯʠʣʛʵʵʥʠʡ ʪᴇʚ ʶʤ. ʍװʥ ʘʤʳʥ ʥʷʛʪʘʨʰʠʣ ᴇʥʜᴇʨ, ʘʞ 

 ʡʣ ʘʞʠʣʣʘʛʘʘ, ʘʚʪʦ ʪʵʵʚʨʠʡʥ ʭʵʨʵʛʩʣʠʡʥ ʪʦʦ ʥʵʤʵʛʜʵʭʠʡʥ ʭʵʨʵʵʨ ʭᴇʨʩʥʠʡװ ʡʣʜʚʵʨʠʡʥװ

ʙʦʭʠʨʜʦʣ ʫʣʘʤ ʙװʨ ʵʨʯʠʤʞʠʞ ʙʘʡʥʘ. ʍʦʪʳʥ ʭᴇʨʩ ʥʴ ʘʭʫʡʥ ʙʦʣʦʥ װʡʣʜʚʵʨʣʵʣʠʡʥ ʭʦʛ 

ʭʘʷʛʜʘʣ, ʪװʣʰ ʰʘʪʘʣʪʳʥ ʫʣʤʘʘʩ װװʩʵʭ װʥʩ, ʪʦʦʩ, ʘʚʪʦ ʟʘʤʳʥ ʪʦʦʩʞʠʣʪ, ʰʘʪʘʭ ʪʦʩʣʦʭ 

ʤʘʪʝʨʠʘʣʳʥ ʘʣʜʘʛʜʘʣ, ʙʦʭʠʨ ʫʩ, ʘʶʫʣʪʘʡ ʭʠʤʠʡʥ ʙʦʜʠʩ ʟʵʨʵʛ ʦʣʦʥ ʪᴇʨʣʠʡʥ 

ʙʦʭʠʨʜʫʫʣʘʛʯʠʡʥ ʛʦʣ ʭʫʨʠʤʪʣʘʣʳʥ ʪʘʣʙʘʡ ʙʦʣʜʦʛ. 

ʗʣʘʥʛʫʷʘ ʭװʥʜ ʤʝʪʘʣʣ (ʭʘʨ ʪʫʛʘʣʛʘ, ʢʘʜʤʠ, ʭװʥʮʵʣ, ʭʨʦʤ, ʟʵʩ, ʮʘʡʨ ʛʵʭ ʤʵʪ) ʙʦʣʦʥ 

ʥʝʬʪʠʡʥ ʙʘ ʵʤʠʡʥ ʭʘʷʛʜʘʣ ʟʵʨʵʛ ʦʨʛʘʥʠʢ ʙʦʭʠʨʜʫʫʣʘʛʯʠʜ ʥ ɹʭᴇʨʩᴇʥʜ ʫʜʘʘʥ ʭʫʛʘʮʘʘʛʘʘʨ 

ʭʘʜʛʘʣʘʛʜʘʞ, ʭᴇʨʩʥʠʡ ʛװʥ ʜʘʚʭʘʨʛʘʜ ʥʵʚʯʠʥ, ʘʛʘʘʨ, ʫʩʥʳ ʯʘʥʘʨʪ ʥᴇʣᴇᴇʣᴇʭᴇᴇʩ ʛʘʜʥʘ ʭװʥ 

ʘʤʳʥ ʵʨװװʣ ʤʵʥʜʵʜ ʰʫʫʜ ʙʦʣʦʥ ʰʫʫʜ ʙʫʩ ʟʘʤʘʘʨ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ װʟװװʣʜʵʛ. ʍᴇʨʩᴇʥ ʜʵʭ 

ʙʦʭʠʨʜʫʫʣʘʛʯʠʜ ʥʴ ʭװʥʠʡ ʙʠʝʜ ʘʤʴʩʛʘʣʳʥ ʟʘʤ, ʭʦʦʣ ʙʦʣʦʚʩʨʫʫʣʘʭ ʟʘʤ, ʘʨʴʩʥʳ ʭװʨʵʣʮʵʭ 

ʟʘʤʘʘʨ ʦʨʞ, ʮʫʩ, ʵʨʭʪʵʥ ʪʦʛʪʦʣʮʦʦʥʜ ʭʫʨʠʤʪʣʘʛʜʘʥ ʤʵʜʨʵʣʠʡʥ ʩʠʩʪʝʤʠʡʥ ʛʵʤʪʵʣ, 

ʜʘʨʭʣʘʘʥʳ ʪʦʛʪʦʣʮʦʦʥʳ ʘʣʜʘʛʜʘʣ, ʘʤʴʩʛʘʣʳʥ ʟʘʤʳʥ ʘʨʭʘʛ ᴇʚʯʠʥ, ʭʘʚʜʘʨ ʟʵʨʵʛ ʥʦʮʪʦʡ 

ᴇʚʯʣᴇʣ װװʩʛʵʭ ʵʨʩʜʵʣʪʵʡ. ʄᴇʥ ʵʥʵ ʪᴇʨʣʠʡʥ ʙʦʭʠʨʜʦʣ ʥʴ ʫʨʛʠʡʥ ʭᴇʛʞʠʣʜ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ 

 .ʩʛʵʭ ʟʵʨʵʛ ʵʨʩʜʵʣʪʵʡװװ ʡʥ ʭᴇʛʞʠʣʜ ʩʘʘʪʘʣװʭʜʠʡʥ ʦʶʫʥ ʫʭʘʘʥ, ʩʵʪʛʵʭװװʣʵʭ, ʭװװʟװ

ʊʠʡʤʵʵʩ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʵʭ װװʩʚʵʨ, ʪʘʨʭʘʣʪʳʛ ʪʦʛʪʦʦʞ 

ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜʵʜ װʟװװʣʵʭ ʥᴇʣᴇᴇʣʣʠʡʛ װʥʵʣʞ ʭʦʣʙʦʛʜʦʭ ʘʨʛʘ ʭʵʤʞʵʵʛ ʘʚʘʭ ʟʘʡʣʰʛװʡ 

ʰʘʘʜʣʘʛʘʪʘʡ ʶʤ. ʄʦʥʛʦʣ ʋʣʩʳʥ ʭᴇʛʞʣʠʡʥ ʙʘʨʠʤʪ ʙʠʯʛװװʜʵʜ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ, 

ʜʦʨʦʡʪʣʳʛ ʭʷʥʘʭ, ʙʫʫʨʫʫʣʘʭ, ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ ʘʨʠʣʛʘʭ ʯʠʛʣʵʣʵʵʨ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ 

ʪʫʩʛʘʛʜʞʵʵ: 

ñɸʣʩʳʥ ʭʘʨʘʘ-2050ò ʄʦʥʛʦʣ ʫʣʩʳʥ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ʭᴇʛʞʣʠʡʥ ʙʦʜʣʦʛʦ 

3.6.10. ɿʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ ʪʝʭʥʦʣʦʛʠʜ ʩʫʫʨʠʣʩʘʥ ʛʘʟʘʨ ʘʰʠʛʣʘʣʪ, ʛʘʟʨʳʥ 

ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʙʘʡʥʛʳʥ ʘʞʠʣʣʘʛʘʘʪʘʡ ʭʷʥʘʣʪʳʥ ʩʠʩʪʝʤʠʡʛ ʭᴇʛʞװװʣʞ, ʥʵʚʪʨװװʣʥʵ. 

ñʍᴇʨʩ ʭʘʤʛʘʘʣʘʭ, ʛʘʟʨʳʥ ʜʦʨʦʡʪʣʳʛ ʙʫʫʨʫʫʣʘʭ װʥʜʵʩʥʠʡ ʭᴇʪᴇʣʙᴇʨò 

8.2.1. ʍᴇʨʩʠʡʛ ʭaʤʛʘʘʣʘʭ, ʮᴇʣʞʠʣʪᴇᴇʩ ʩʵʨʛʠʡʣʵʭ ʪᴇʨʠʡʥ ʙʦʜʣʦʛʦ, װʥʜʵʩʥʠʡ 

ʭᴇʪᴇʣʙᴇʨʠʡʛ ʭʵʨʵʛʞװװʣʵʭ ʘʞʣʳʛ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʭ; 

11.1. ʍᴇʨʩʥʠʡ ʜʦʨʦʡʪʦʣ, ʮᴇʣʞʠʣʪʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʥ ʩʫʜʘʣʛʘʘ, ʜװʛʥʵʣʪʠʡʛ 

ʤʵʨʛʵʞʣʠʡʥ ʙʘʡʛʫʫʣʣʘʛʘ ʭʠʡʞ ʛװʡʮʵʪʛʵʥʵ. 

11.2. ʍᴇʨʩʥʠʡ ʰʠʥʞ ʯʘʥʘʨʪ ʛʘʨʯ ʙʘʡʛʘʘ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʠʪʛʵʤʞʣʵʛʜʩʵʥ ʭᴇʨʩʥʠʡ 

ʣʘʙʦʨʘʪʦʨʠ ʪʦʛʪʦʦʥʦ. 

ñʅʠʡʩʣʵʣʠʡʥ ɿʘʩʘʛ ʜʘʨʛʘ ʙᴇʛᴇᴇʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ɿʘʭʠʨʘʛʯʠʡʥ 2024-2028 ʦʥʳ 

  ʣʵʭ ʘʨʛʘ ʭʵʤʞʵʵʥʠʡ ʪᴇʣᴇʚʣᴇʛᴇᴇòװװʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʭᴇʪᴇʣʙᴇʨʠʡʛ ʭʵʨʵʛʞװ
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4.3.1. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩʥʠʡ ʯʘʥʘʨʳʛ ʩʘʡʞʨʫʫʣʘʭ ʙװʩʠʡʥ ʜʵʛʣʵʤʠʡʛ ʤᴇʨʜᴇʞ, 

ʥװʭʵʥ ʞʦʨʣʦʥʛʠʡʥ ʪʦʦʛ 2 ʜʘʭʠʥ ʙʫʫʨʫʫʣʞ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʣʳʛ ʙʫʫʨʫʫʣʥʘ. 

4.3.2. ɸʨʴʩ ʰʠʨ ʙʦʣʦʚʩʨʫʫʣʘʭ װʡʣʜʚʵʨ, ʘʚʪʦ ʟʘʩʚʘʨ, ʪʦʤʦʦʭʦʥ ʟʘʭ ʭʫʜʘʣʜʘʘʥʳ ʪᴇʚ 

ʟʵʨʵʛ װʡʣʜʚʵʨ װʡʣʯʠʣʛʵʵ ʵʨʭʣʵʛʯʜʵʵʩ װװʜʵʣʪʵʡ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʣʳʛ 

ʙʫʫʨʫʫʣʥʘ.  

4.3.3. ʆʨʰʫʫʣʛʳʥ װʡʣʯʠʣʛʵʵʥʠʡ ʟʦʭʠʩʪʦʡ ʤʝʥʝʞʤʝʥʪʠʡʛ ʙʠʡ ʙʦʣʛʦʥ ʪʦʭʠʞʫʫʣʞ, 

ʮʵʮʵʨʣʵʛʞװװʣʥʵ.  

ʕʜʛʵʵʨ ʙʦʜʣʦʛʳʥ ʙʘʨʠʤʪ ʙʠʯʛʠʡʥ ʭװʨʵʵʥʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨᴇʩʥʠʡ ʙʦʭʠʨʜʣʦʦʩ 

ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜʵʜ װʟװװʣʞ ʙʫʡ ʥᴇʣᴇᴇʣʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʭʠʡʩʵʥ 

ʙᴇʛᴇᴇʜ ʫʛ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʥʴ ʭװʥ ʘʤ, ʘʤʴʜ ʦʨʛʘʥʠʟʤʳʥ ʘʶʫʣʛװʡ ʦʨʰʠʥ ʪʦʛʪʥʦʭ 

ʥᴇʭʮᴇʣʠʡʛ ʙװʨʜװװʣʵʭʵʜ ʯʠʛʣʵʩʵʥ ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ ʘʨʛʘ ʭʵʤʞʵʵʥʠʡ ʰʠʥʞʣʵʭ ʫʭʘʘʥʜ 

ʩʫʫʨʠʣʩʘʥ ʩʫʫʨʴ ʤʵʜʵʵʣʵʣ ʙʦʣʦʭʦʦʩ ʛʘʜʥʘ ʭʦʪʳʥ ʠʨʛʵʜʠʡʥ ʘʶʫʣʛװʡ, ʵʨװװʣ ʦʨʯʠʥʜ 

ʘʤʴʜʨʘʭ ʵʨʭʠʡʛ ʭʘʥʛʘʭʘʜ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʶʤ. 

1.2. ɿʦʨʠʣʛʦ ʙʘ ʭʘʤʨʘʭ ʭװʨʵʵ 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʛʦʣ ʟʦʨʠʣʛʦ ʥʴ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʙʦʭʠʨʜʣʦʦʩ ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜʵʜ 

 ʥʵʵʩװװʥʜʵʩʣʵʣʪʵʡʛʵʵʨ ʪʦʜʦʨʭʦʡʣʦʥ ʪʦʛʪʦʦʞ, ʪװ ʣʵʭ ʥᴇʣᴇᴇʣʣʠʡʛ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳװװʟװ

 ʨ ʜʘʛʘʚʨʳʛ ʙʫʫʨʫʫʣʘʭ, ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ ʘʨʛʘ ʭʵʤʞʵʵʛ ʪᴇʣᴇʚʣᴇʥװ ʜʵʭ ʩᴇʨᴇʛװװ

ʭʵʨʵʛʞװװʣʵʭ ʙʦʣʦʤʞʠʡʛ ʙװʨʜװװʣʵʭʵʜ ʦʨʰʠʥʦ. װתʥʠʡ ʪʫʣʜ 2024 ʦʥʜ ʥʠʡʩʣʵʣʠʡʥ 9 

ʜװװʨʛʠʡʥ ʭʵʤʞʵʵʥʜ ʭʠʡʩʵʥ ʩʫʜʘʣʛʘʘʥʳ ʜװʥʛ ʘʰʠʛʣʘʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ װʟװװʣʵʣʪʠʡʛ 

ʥʘʨʠʡʚʯʣʘʥ ʩʫʜʘʣʞ, ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜʵʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ װʥʵʣʞ ʙʦʭʠʨʜʣʳʥ 

ʙʦʣʦʤʞʠʪ ʵʭ װװʩʚʵʨʠʡʛ ʪʦʛʪʦʦʞ, ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ ʙʫʫʨʫʫʣʘʭ ʙʦʣʦʥ ʫʨʴʜʯʠʣʘʥ 

ʩʵʨʛʠʡʣʵʭ ʘʨʛʘ ʭʵʤʞʵʵʥʠʡ ʩʘʥʘʣ ʙʦʣʦʚʩʨʫʫʣʩʘʥ. ɿʦʨʠʣʛʦʦ ʙʠʝʣװװʣʵʭʠʡʥ ʪʫʣʜ ʜʘʨʘʘʭ 

ʟʦʨʠʣʪʫʫʜʳʛ ʜʵʚʰװװʣʩʵʥ: 

1. ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʪʘʨʭʘʣʪʳʛ ʪʦʜʦʨʭʦʡʣʦʭ: ᴆʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʳ װʨ 

ʜװʥʛ װʥʜʵʩʣʵʥ ʭᴇʨʩʥʠʡ ʤʦʥʠʪʦʨʠʥʛʠʡʥ 507 ʮʵʛʠʡʥ ʭװʥʜ ʤʝʪʘʣʣ ʙʦʣʦʥ ʥʷʥʛʠʡʥ 

(ʵʨװװʣ ʘʭʫʡʥ) ʙʦʭʠʨʜʣʳʥ װʟװװʣʵʣʪʠʡʛ װʥʵʣʵʭ. 

2. ʍװʥʠʡ ʵʨװװʣ ʤʵʥʜʵʜ װʟװװʣʵʭ ʥᴇʣᴇᴇʣʣʠʡʥ ʵʨʩʜʵʣʠʡʥ װʥʵʣʛʵʵ ʭʠʡʭ: ʍᴇʨʩʥʠʡ 

ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨʠʡʛ ʪʦʛʪʦʦʞ, ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜʵʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ 

ʵʨʩʜʵʣʠʡʥ װʥʵʣʛʵʵʥʠʡ ʘʨʛʘʘʨ ʪʦʜʦʨʭʦʡʣʦʭ. 

3. ʕʨװװʣ ʤʵʥʜʵʜ װʟװװʣʵʭ ʙʦʜʠʪ ʥᴇʣᴇᴇʣʣʠʡʥ ʩʫʜʘʣʛʘʘ ʭʠʡʭ: ʍᴇʨʩʥʠʡ 

ʙʦʭʠʨʜʣʦʦʩ װװʩʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ װʨ ʜʘʛʘʚʨʳʛ װʥʵʣʵʥ ʙʦʭʠʨʜʣʳʥ ʵʛʟʵʛʪʵʡ 

ʮʵʛװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ.  

4. ɹʦʭʠʨʜʣʦʦʩ װװʩʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʛ ʙʫʫʨʫʣʘʭ ʘʨʛʘ ʭʵʤʞʵʵʥʠʡ ʟᴇʚʣᴇʤʞ 

ʙʦʣʦʚʩʨʫʫʣʘʭ: ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʦʦʩ װװʜʵʭ ʵʨװװʣ ʤʵʥʜʠʡʥ ʵʨʩʜʵʣʠʡʛ ʙʫʫʨʫʫʣʘʭ, 

ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ ʘʨʛʘ ʭʵʤʞʵʵʥʠʡ ʩʘʥʘʣ ʙʦʣʦʚʩʨʫʫʣʘʭ. 
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1.3. ʄʦʥʛʦʣ ʋʣʩʳʥ ʭᴇʨʩʥʠʡ ʯʘʥʘʨʳʥ ʩʪʘʥʜʘʨʪ (MNS 5850:2019) 

ʕʥʵ ʩʪʘʥʜʘʨʪʘʘʨ ʄʦʥʛʦʣ ʦʨʥʳ ʥʫʪʘʛ ʜʵʚʩʛʵʨ ʜʵʵʨʭ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʞ ʙʦʣʦʭ 

ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪװװʜʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ (ʭװʣʮʵʭ) ʜʵʵʜ ʭʵʤʞʵʵʛ ʪʦʛʪʦʦʭ 

ʙᴇʛᴇᴇʜ ʪʫʩ ʩʪʘʥʜʘʨʪʘʜ ʟʘʘʩʘʥ ʭʵʤʞʵʵʥʵʵʩ ʠʭ ʙʘʡʛʘʘ ʪʦʭʠʦʣʜʦʣʜ ʪʫʭʘʡʥ ʭᴇʨʩʠʡʛ 

ʙʦʭʠʨʜʦʣʜ ʦʨʩʦʥ ʛʵʞ װʟʥʵ (ʉʪʘʥʜʘʨʪ 2019).  

ʍװʣʮʵʭ ʘʛʫʫʣʘʤʞ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪʠʡʥ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭʵʤʞʵʵ ʥʴ 

ʭװʣʮʵʭ ʘʛʫʫʣʘʤʞʘʘʩ ʜʵʵʰ ʛʘʨʩʘʥ ʪʦʭʠʦʣʜʦʣʜ ʭᴇʨʩ ʙʦʭʠʨʜʦʣʪʳʥ ʪװʚʰʠʥʜ ʭװʨʩʵʥ ʛʵʞ 

 ʣʮʵʭװʣʮʵʭ ʘʛʫʫʣʘʤʞ ʙʦʣʦʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵ ʥʴ ʘʜʠʣ ʫʪʛʘʪʘʡ. ʍװʟʥʵ. ʍװ

ʘʛʫʫʣʘʤʞʠʡʛ ʭװʥ ʘʤ ʦʨʰʠʥ ʩʫʫʜʘʛ ʩʫʫʨʠʥ ʛʘʟʘʨ, ʭᴇʜᴇᴇ ʘʞ ʘʭʫʡʥ ʵʜʵʣʙʵʨ, ʛʘʟʘʨ 

ʪʘʨʠʘʣʘʥ, ʙʵʣʯʵʵʨʠʡʥ ʵʜʵʣʙʵʨ ʛʘʟʨʫʫʜʘʜ ʤᴇʨʜʣᴇʛ ʙʦʣʛʦʥʦ. 

ʍʦʨʪʦʡ ʘʛʫʫʣʘʤʞ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪʠʡʥ ʭʵʤʞʵʵ ʥʴ 

ʭʦʨʪʦʡ ʘʛʫʫʣʘʤʞʘʘʩ ʜʘʚʩʘʥ ʪʦʭʠʦʣʜʦʣʜ ʪʫʭʘʡʥ ʭᴇʨʩ ʥʴ ʦʨʯʠʥ ʪʦʡʨʦʥʜ ʙʘʡʛʘʘ ʘʤʴʜ 

ʦʨʛʘʥʠʟʤ, ʫʩʘʥ ʜʘʚʭʘʨʛʘʜ ʭʦʨʪʦʡ ʘʶʫʣ ʫʯʨʫʫʣʞ ʵʭʵʣʥʵ. ʍʦʨʪʦʡ ʘʛʫʫʣʘʤʞʠʡʛ ʪʫʩʛʘʡ 

ʟᴇʚʰᴇᴇʨᴇʣʪʵʡ װʡʣʜʚʵʨʣʵʣ, ʫʫʣ ʫʫʨʭʘʡʥ ʙװʩʵʜ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪʠʡʥ ʭᴇʨʩᴇʥʜ 

ʘʛʫʫʣʘʛʜʘʭ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʪʵʡ ʘʜʠʣ ʫʪʛʘʘʨ ʤᴇʨʜʣᴇʛ ʙʦʣʛʦʥʦ. 

ɸʶʫʣʪʘʡ ʘʛʫʫʣʘʤʞ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ, ʵʣʝʤʝʥʪʠʡʥ ʭʵʤʞʵʵ ʥʴ 

ʘʶʫʣʪʘʡ ʘʛʫʫʣʘʤʞʘʘʩ ʜʘʚʩʘʥ ʪʦʭʠʦʣʜʦʣʜ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʛ ʘʨʠʣʛʘʭ ʷʘʨʘʣʪʘʡ ʘʨʛʘ 

ʭʵʤʞʵʵ ʘʚʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. ʊʫʭʘʡʣʙʘʣ ʩʘʘʨʤʘʛʞʫʫʣʘʭ, ʫʭʘʞ ʟʘʡʣʫʫʣʘʭ, ʛʘʟʘʨ 

ʘʰʠʛʣʘʣʪʳʥ װʡʣ ʘʞʠʣʣʘʛʘʘʛ ʟʦʛʩʦʦʭ, ʦʨʰʠʥ ʩʫʫʛʯʜʳʛ ʥװװʣʛʵʥ ʰʠʣʞװװʣʵʭ ʛʵʭ ʤʵʪ.     

ʍϾʩʥʵʛʪ 1. ʍЊʨʩʥʠʡ ʦʨʛʘʥʠʢ ʙʠʰ (ʭϾʥʜ ʤʝʪʘʣʣ) ʙʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩʫʫʜʳʥ ʭʦʨʪʦʡ 

ʙʦʣʦʥ ʘʶʫʣʪʘʡ ʘʛʫʫʣʘʤʞ, (ʤʛ/ʢʛ) 

ʜ/ʜ תʟװװʣʵʣʪ ɿᴇʚʰᴇᴇʨᴇʛʜᴇʭ 

ʜʵʵʜ ʭʵʤʞʵʵ 

ʍʦʨʪʦʡ 

ʘʛʫʫʣʘʤʞ 

ɸʶʫʣʪʘʡ 

ʘʛʫʫʣʘʤʞ 

1 ʍʘʨ ʪʫʛʘʣʛʘ (Pb) 100 500 1200 

2 ʂʘʜʤʠʡ (Cd) 3 10 20 

3 ʄᴇʥʛᴇʥ ʫʩ (Hg) 2 10 20 

4 ʍװʥʮʵʣ (As) 20 50 100 

5 ʍʨʦʤ (Cr) 150 400 1500 

6 ʉʪʨʦʥʮʠʡ (Sr) 800 3000 6000 

7 ɿʵʩ (Cu) 100 500 1000 

8 ʅʠʢʝʣʴ (Ni) 150 1000 1800 

9 ʂʦʙʘʣʴʪ (Co) 50 500 1000 

10 ʎʘʡʨ (Zn) 300 600 1000 

11 ʄʦʣʠʙʜʝʥ (Mo) 5 20 50 

12 ɹʦʨ (B) 25 100 300 

ʍᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣʳʛ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥ ʙʦʣʦʥ ʘʤʴʜ ʦʨʛʘʥʠʟʤʜ װʟװװʣʵʭ ʩᴇʨᴇʛ 

ʥᴇʣᴇᴇʣʣᴇᴇʨ ʥʴ ʭʦʨʪʦʡ ʭװʥʜ ʤʝʪʘʣʣ, ʦʥʮʛʦʡ ʭʦʨʪʦʡ ʭװʥʜ ʤʝʪʘʣʣ, ʙʠʦ ʠʜʵʚʭʪ ʭװʥʜ ʤʝʪʘʣʣ 

ʛʵʞ ʘʥʛʠʣʜʘʛ.  
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ʍϾʩʥʵʛʪ 2. ʍϾʥʜ ʤʝʪʘʣʣʳʥ ʘʥʛʠʣʘʣ 

ʍװʥʜ ʤʝʪʘʣʣʳʥ 

ʘʥʛʠʣʘʣ 
ʕʣʝʤʝʥʪ ʐʠʥʞ ʯʘʥʘʨ 

ʍʦʨʪʦʡ ʭװʥʜ ʤʝʪʘʣʣ 
Pb, Cd, Hg, As, Cr, Zn, 

Co, Ni, Cu, Sr, V 

ʍװʥ, ʘʤʴʪʘʥ, ʫʨʛʘʤʣʳʥ 

ᴇʩᴇʣʪ ʭᴇʛʞʠʣʪᴇʜ ʩᴇʨᴇʛ 

ʥᴇʣᴇᴇ װʟװװʣʜʵʛ, ʷʥʟ 

ʙװʨʠʡʥ ᴇʚʯʠʥ װװʩʛʵʭ ʵʭ 

 .ʩʚʵʨ ʙʦʣʜʦʛװװ

ʆʥʮʛʦʡ ʭʦʨʪʦʡ ʤʝʪʘʣʣ 
Pb, Cd, Hg, As, Cr, Cὶ+6 , 

CN 

ɸʤʴʜ ʦʨʛʘʥʠʟʤʜ 

ʫʯʨʫʫʣʘʭ ʭʦʨ ʥᴇʣᴇᴇ 

ʠʭʪʵʡ, ʘʤʴʜ ʦʨʛʘʥʠʟʤʜ 

ʠʭ ʭʵʤʞʵʵʛʵʵʨ ʦʨʩʦʥ 

ʪʦʭʠʦʣʜʦʣʜ ᴇʚʯʠʥ װװʩʛʵʭ 

ʫʣʤʘʘʨ װʭʵʣʜ ʭװʨʛʵʭ 

ʘʶʫʣʪʘʡ. 

ɹʠʦ ʠʜʵʚʭʪ ʤʝʪʘʣʣ 
Cu, Zn, Cr, V, Ni, Sr, Sn, 

Mo, Se, B, F 

ʍʦʨʪʦʡ ʥᴇʣᴇᴇʣʣʠʡʥ 

ʭʫʚʴʜ ʦʥʮʛʦʡ ʭʦʨʪʦʡ ʭװʥʜ 

ʤʝʪʘʣʣʘʘʩ ʙʘʛʘ ʙᴇʛᴇᴇʜ 

ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʛʵʵʨ 

ʘʤʴʜ ʦʨʛʘʥʠʟʤʜ ʙʘʡʭ 

ʸʩʪʦʡ ʙʦʣʦʚʯ ʘʤʴʜ 

ʦʨʛʘʥʠʟʤʜ ʠʭ ʭʵʤʞʵʵʛʵʵʨ 

ʭʫʨʠʤʪʣʘʛʜʚʘʣ ʵʥʜʝʤʠʢ 

ʙʫʶʫ ʦʨʦʛʥʦʤʦʣ ᴇʚʯʠʥ 

 .ʩʛʵʭ ʘʶʫʣʪʘʡװװ
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ʍʆɪʈɼʋɻɸɸʈ ɹתʃʕɻ: ʋʃɸɸʅɹɸɸʊɸʈ ʍʆʊʓʅ ʍᴆʈʉʅʀʁ ɹʆʍʀʈɼʃʓʅ 

ʊתɺʐʀʅ ɹɸ ʊɸʈʍɸʃʊ  

2.1. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩᴇʥ ʙװʨʭʵʚʯ  

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʤʳʥ ʥʫʪʘʛ ʥʴ ʫʫʣʳʥ ʦʡ ʪʘʡʛʘ ʙʦʣʦʥ ʭʵʵʨʠʡʥ ʙװʩʠʡʥ ʟʘʘʛ ʜʵʵʨ 

ʦʨʰʜʦʛ. ʍᴇʨʩʥʠʡ ʛʘʟʘʨʟװʡʥ ʤʫʞʣʘʣʘʘʨ ʭᴇʨʩ-ʙʠʦ ʫʫʨ ʘʤʴʩʛʘʣʳʥ ʍʘʥʛʘʡʥ ʠʭ ʤʫʞʠʡʥ 

ʍʵʥʪʠʡʥ ᴇʤʥᴇʭ ʪʦʡʨʦʛʪ ʙʘʛʪʘʭ ʙᴇʛᴇᴇʜ ʊʫʫʣ ʛʦʣʳʥ ᴇʨʛᴇʥ ʭᴇʥʜʠʡ, ʍʵʥʪʠʡʥ ʥʫʨʫʫʥʳ ʩʘʣʙʘʨ 

ʫʫʣʳʥ ʵʥʛʵʨ ʭʘʞʫʫʛʘʘʨ ʠʭʵʚʯʣʵʥ ʍʘʨʭװʨʵʥ ʭᴇʨʩ ʟʦʥʭʠʣʥʦ (ɹʘʪʭʠʰʠʛ.ʆ, 2016).  

ʊʫʫʣ, ʉʵʣʙʵ, ɼʫʥʜ, ʋʣʠʘʩʪʘʡ ʟʵʨʵʛ ʛʦʣʳʥ ʭᴇʥʜʠʡʛᴇᴇʨ ʘʣʣʶʚʠʡʥ ʭᴇʨʩ, ᴇʥʜᴇʨ ʫʫʣʘʨʭʘʛ 

ʙװʩʵʜ ʭװʣʵʨʣʵʛ ʙʘʨʘʘʥ, ʯʫʣʫʫʨʭʘʛ ʭᴇʨʩ, ʫʫʣʳʥ ʘʨ ʭʘʞʫʫʛʘʘʨ ʪʘʡʛʳʥ ʰʠʨʵʛʪ, ʮʵʚʜʵʛʪ ʭᴇʨʩ 

ʪʦʛʪʞʵʵ. ʍʘʨ ʰʦʨʦʦʥ ʭᴇʨʩ 40ï60 ʩʤ ʟʫʟʘʘʥ ʷʣʟʤʘʛʪʘʡ, װʨʞʠʣ ʰʠʤ ʩʘʡʪʘʡ ʙʦʣ ʭʘʨ ʭװʨʵʥ 

ʭᴇʨʩʥʠʡ װʨʞʠʣ ʰʠʤ ʜʫʥʜ ʟʵʨʵʛ ʪʫʣ ʛʘʟʘʨ ʪʘʨʠʘʣʘʥʜ ʪʦʭʠʨʦʤʞ ʤʫʫʪʘʡ. ʎʵʚʜʵʛʪ ʭᴇʨʩʥʠʡ 

ʭװʣʵʨʣʵʛ װʝ ʥʴ 0.5ʤʝʪʨʵʵʩ ʭʵʪʨʵʭʛװʡ. ʅʘʤ ʙʦʣʦʥ ʜʫʥʜʘʞ ᴇʥʜᴇʨ ʫʫʣʘʨʭʘʛ ʛʘʟʨʘʘʨ 

ʏʫʣʫʫʨʭʘʛ ʍʘʨʭװʨʵʥ ʭᴇʨʩ, ʭʘʨʠʥ ʫʫʣʳʥ ʙʵʣ, ʘʤ ʭᴇʥʜʠʡʥ ʪʘʣʘʨʭʘʛ ʛʘʟʨʘʘʨ ʍʘʨʭװʨʵʥ ʭᴇʨʩ 

ʟʦʥʭʠʣʥʦ. ʕʥʵ ʭᴇʨʩʥʠʡ װʨʞʠʣ ʰʠʤʠʡʥ ʪװʚʰʠʥ ʜʫʥʜ ʙʦʣʦʥ ʜʫʥʜʘʘʩ ʜʦʦʰ ʫʯʨʘʘʩ ʛʘʟʘʨ 

ʪʘʨʠʘʣʘʥʜ ʪʦʭʠʨʦʤʞʛװʡ. ʀʭʵʥʭ ʛʘʟʘʨ ʪʘʨʠʘʣʘʥʜ ʪʦʭʠʨʦʤʞʪʦʡ ʛʘʟʨʫʫʜ ʍװʡ ʤʘʥʜʘʣ, 

ʍᴇʣʠʡʥ ʛʦʣʳʥ ʵʭ, ʊװʨʛʵʥʠʡ ʛʦʣʳʥ ʘʜʘʛ, ʍᴇʰʠʛʪʠʡʥ ʭᴇʥʜʠʡʥ ʟװװʥ ʭʵʩʛʵʵʨ ʙʘʡʥʘ 

(ɹʘʪʭʠʰʠʛ.ʆ ʙʘ ʙʫʩʘʜ, , 2018).  

ʍʘʨ ʭװʨʵʥ ʭᴇʨʩ: ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ ʦʨʯʠʤ ʟʦʥʭʠʣʦʥ ʪʘʨʭʩʘʥ ʭᴇʨʩ ʙʦʣʥʦ. תʝʪʵʥ ʘʣʘʛ 

ᴇʚʩʪ ʭʵʵʨʠʡʥ ʫʨʛʘʤʘʣʰʠʣ ʜʦʦʨ (60-80 %-ʠʡʥ ʫʨʛʘʤʘʣ ʙװʨʭʵʮʪʵʡ) ʪʦʛʪʚʦʨʞʠʭ ʙᴇʛᴇᴇʜ 

ʭʘʨʴʮʘʥʛʫʡ ʟʫʟʘʘʥ (20-30ʩʤ) ʙʘʨʘʘʥ ʙʦʨ ʷʣʟʤʘʛʪ ʜʘʚʭʘʨʛʘʪʘʡ. ʍʵʜʭʵʥ ʩʤ-ʠʡʥ ʜʦʦʨ 

ʢʘʨʙʦʥʘʪ ʭʫʨʠʤʪʣʘʣʳʥ ʜʘʚʭʘʨʛʘʪʘʡ. ɼʵʵʜ ʪʘʣʳʥ ʷʣʟʤʘʛʪ ñɸò װʝ ʙʦʣʦʥ ʢʘʨʙʦʥʘʪ 

ʜʘʚʭʘʨʛʳʥ ʭʦʦʨʦʥʜ 10-20 ʩʤ-ʠʡʥ ʟʫʟʘʘʥʪʘʡ ʙʦʨ ᴇʥʛʠʡʥ ñɺò ʙʫʶʫ ʰʠʣʞʠʣʪʠʡʥ ʜʘʚʭʘʨʛʘ 

ʙʘʡʜʘʛ. ʍʘʡʨʛʘʨʭʘʛ ʰʘʚʨʘʥʮʘʨ, ʵʣʩʵʥʮʵʨ ʤʝʭʘʥʠʢ ʙװʨʵʣʜʵʭװװʥ ʟʦʥʭʠʣʥʦ, ʤᴇʥ ʵʣʩʵʨʭʵʛ 

ʭᴇʨʩ ʯ ʪʦʭʠʦʣʜʦʥʦ.  

ʍʘʨ ʰʦʨʦʦʥ ʭᴇʨʩ: ʋʫʣʳʥ ʘʨ ʭʘʞʫʫʛʠʡʥ ʜʦʦʜ ʭʵʩʵʛʪ ʦʡʥ ʭʠʣʵʵʩ ʜʦʦʰ 1700- 1500 ʤʝʪʨʪ 

60-90%-ʠʡʥ ʙװʨʭʵʮʪʵʡ ʥʫʛʘʪ ʭʵʵʨʠʡʥ ʫʨʛʘʤʘʣʰʠʣ ʜʦʦʨ ʪʦʛʪʚʦʨʞʠʥʦ. ʆʡʛʦʦʩ ʫʨʩʘʞ ʙʫʡ 

ʛʘʜʘʨʛʳʥ ʫʨʩʘʮ ʭᴇʨʩʥʠʡ ʠʣװװʜʵʣ ʯʠʡʛʠʡʛ װװʩʛʵʞ, ʥʵʚʪ ʥʦʨʞ ʯʠʡʛʣʵʛʜʵʥʵ. ʂʘʨʙʦʥʘʪ 

ʭʫʨʠʤʪʣʘʣ 80-100 ʩʤ-ʠʡʥ ʛװʥʜ ʙʠʡ ʙʦʣʥʦ. ɻװʥ ʩʘʘʨʘʣ, ʭװʨʵʥ ʙʘʨʘʘʥ ʩʘʘʨʘʣ ᴇʥʛᴇʪʵʡ 

ʙᴇᴇʤᴇʨʭᴇʛ ʙװʪʵʮʪʵʡ ʷʣʟʤʘʛʪ װʝ ʪʦʜ ʷʣʛʘʨʥʘ. ʗʣʟʤʘʛʪ ʜʘʚʭʘʨʛʳʥ ʟʫʟʘʘʥ ʥʴ (A+AB) ʛʦʣʜʫʫ 

50-60 ʩʤ-ʘʘʩ ʭʵʪʵʨʜʵʛʛװʡ.  

ɸʣʣʶʚʠʡʥ ʭᴇʨʩ: ʪʘʪʤʳʥ ʘʣʘʛ ᴇʚʩ-ʫʣʘʣʞʠʪ ʫʨʛʘʤʘʣʰʠʣʪʘʡ ʛʘʟʨʘʘʨ ʪʘʨʭʘʥʘ. ʗʣʟʤʘʛʪ 

ʜʘʚʭʘʨʛʳʥ ʟʫʟʘʘʥ 20-40 ʩʤ ʦʨʯʠʤ ʟʫʟʘʘʥ ʙװʜװװʥ ʷʣʟʤʘʛʪʘʡ, ʜʦʦʰʦʦ ʵʣʩʵʥʮʵʨ, 

ʰʘʚʨʘʥʮʘʨ ʵʵʣʞʠʣʩʵʥ ʩʫʜʘʣ װʝװʜʪʵʡ, ʭᴇʨʩ װװʩʛʵʛʯ ʯʫʣʫʫʣʘʛ ʥʴ ʵʣʩ ʭʘʡʨʛʘʨʭʘʛ ʘʣʣʶʚʠʡʥ 

ʭʫʨʜʘʩ ʙʦʣʥʦ. ʍᴇʨʩʥʠʡ ʜʵʵʜ ʭʵʩʵʛ ʷʣʟʤʘʛʠʡʥ ʘʛʫʫʣʘʤʞ 5-10 % ʜʦʦʰʣʦʭ ʪʫʩʤʘʘ ʙʘʛʘʩʜʘʛ. 
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ʋʨʚʘʣʳʥ ʦʨʯʠʥ ʩʘʘʨʤʘʛ (pH=6.5-7.0). ɻʣʝʡʪ ʰʠʥʞ ʪʦʜ ʠʣʵʨʩʵʥ, ʛװʥʠʡ ʫʩʥʳ ʥᴇʣᴇᴇʛᴇᴇʨ 

 .ʩʩʵʥ ʪᴇʤʨʠʡʥ ʠʩʣʠʡʥ ʟʦʩʦʨʭʦʛ ʪʦʣʙʦ ᴇʥʛᴇʨʪʵʡ (ɹʘʪʭʠʰʠʛ, 2018)װװ

2.2. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ 

2024 ʦʥʜ ʥʠʡʩʣʵʣ ʭʦʪʳʥ ʭʵʤʞʵʵʥʜ ʭʠʡʛʜʩʵʥ ʙʦʭʠʨʜʣʳʛ װʥʵʣʛʵʵʥʠʡ 507 ʮʵʛʠʡʥ 

ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʜ װʥʜʵʩʣʵʥ ʵʨװװʣ ʤʵʥʜʵʜ װʟװװʣʵʭ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʣʣʠʡʥ ʩʫʜʘʣʛʘʘʛ ʭʠʡʣʵʵ. 

ʊʘʣʙʘʡʥ ʭʫʚʴʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʥʠʡʪ ʥʫʪʘʛ ʜʵʚʩʛʵʨʠʡʛ ʭʘʤʘʨʥʘ.  

 

ɿʫʨʘʛ  1. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡ ʙʦʣʦʥ ʪЊʣЊʚʣЊʩЊʥ ʮʵʛϾϾʜʠʡʥ ʙʘʡʨʰʠʣ 

ʉʫʜʘʣʛʘʘʥʳ ʜʵʵʞʠʡʛ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʩʫʫʨʴʰʣʳʥ ʙװʩʠʡʥ ʭʵʤʞʵʵʥʜ ʭᴇʨʩʥʠʡ ᴇʥʛᴇʥ 

ʭʵʩʛʵʵʩ (0- 20 ʩʤ) ʉʦʥʛʦʞ ʪװװʚʵʨʣʵʭ (Judgmental sampling) ʙʦʣʦʥ ʕʨʵʤʙʵʣʵʥ ʙʘʛʮʣʘʭ 

(Ranked sampling) ʟʘʛʚʘʨʳʛ ʘʰʠʛʣʘʥ ʥʠʡʪ 507 ʙʘʡʨʰʣʘʘʩ ʢʦʥʚʝʨʪʳʥ ʘʨʛʘʘʨ ʮʫʛʣʫʫʣʞ 

ʘʚʩʘʥ. ʊʫʭʘʡʥ ʛʘʟʨʳʥ ʜʫʥʜʘʞ ʪᴇʣᴇᴇʣᴇʣ ʜʵʵʞ ʘʚʘʭʳʥ ʪʫʣʜ ʭʵʜ ʭʵʜʵʥ ʜʵʵʞʠʡʛ ʭʦʣʴʞ ʥʵʛ 

ʰʠʨʭʵʛ ʭʦʣʠʤʦʛ ʜʵʵʞ ʙʦʣʛʦʩʦʥ. ʍʦʣʠʤʦʛ ʜʵʵʞ ʘʚʩʥʘʘʨ ʪʫʭʘʡʥ ʛʘʟʨʳʥ ʙʦʭʠʨʜʣʳʥ ʜʫʥʜʘʞ 

ʪװʚʰʠʥ ʪʦʛʪʦʦʭ ʙʦʣʦʤʞʪʦʡ. ʍᴇʨʩʥʠʡ ʘʣʘʛ ʮʦʦʛ ʙʘʡʜʣʳʛ ʜʵʵʞ ʘʚʘʣʪʳʥ ʷʚʮʘʜ ʜʫʥʜʘʞʣʘʥ 

ʞʠʛʜʵʣʞ ʙʘʡʥʘ (Agency & Saefl, 2007). ʄᴇʥ ʭᴇʨʩʥʠʡ ʜʵʵʞ ʘʚʘʭʘʜ MNS 3298-90 (ɹʘʡʛʘʣʴ 

ʭʘʤʛʘʘʣʘʣ. ʍᴇʨʩ. ʐʠʥʞʠʣʛʵʵʥʠʡ ʜʵʵʞ ʘʚʘʭʘʜ ʪʘʚʠʛʜʘʭ ʝʨᴇʥʭʠʡ ʰʘʘʨʜʣʘʛʫʫʜ) 

ʩʪʘʥʜʘʨʪʳʛ ʤᴇʨʜʣᴇʛ ʙʦʣʛʦʩʦʥ (Pribadi, 1991). 

ʍᴇʨʩʥᴇᴇʩ ʰʠʥʞʠʣʛʵʵʥʜ ʜʵʵʞ ʘʚʘʭʜʘʘ ʪʫʭʘʡ ʦʨʦʥ ʥʫʪʛʠʡʥ ʮʘʛ ʫʫʨ, ʛʘʟʘʨ ʟװʡʥ ʥᴇʭʮᴇʣ, 

ʭᴇʨʩʥʠʡ ʭʫʯʠʣʪ, ʭʦʪʛʦʨ, ʛװʜʛʵʨ, ʙʦʭʠʨʜʦʣʪʦʡ ʙʘʡʜʘʣ, ʙװʪʮʵʵʩ ʭʘʤʘʘʨʫʫʣʘʥ ʭᴇʨʩʥʠʡ 

ʰʘʘʨʜʣʘʛʘʪʘʡ ʙװʭ װʝ ʜʘʚʭʘʨʛʳʛ ʙװʨʵʥ ʪᴇʣᴇᴇʣʞ ʯʘʜʘʭʘʘʨ ʙʘʡʛʘʘ ʭʵʩʵʛ ʛʘʟʨʳʛ ʩʦʥʛʦʩʦʥ.  
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ʐʠʥʞʣʵʥ ʩʫʜʣʘʭ, ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨʠʡʛ ʦʨʦʣʮʫʫʣʘʥ 25 ʤ2 ʪʘʣʙʘʡʥ 5-ʥ ʭʵʩʵʛʪ 

0-20 ʩʤ-ʠʡʥ ʛװʥʵʵʩ ʪʫʩ ʙװʨ 300-500 ʛʨ ʜʵʵʞʠʡʛ ʘʚʯ ʩʘʡʥ ʭʦʣʴʞ, ʭʦʣʠʤʦʛ ʜʵʵʞ ʭʵʣʙʵʨʵʵʨ 

ʘʚʩʘʥ. 

 
ɿʫʨʘʛ  2. ʍЊʨʩʥʠʡ ʭʦʣʠʤʦʛ ʜʵʵʞ ʘʚʘʭ ʘʨʛʘʯʣʘʣ 

2.3. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʙʦʣʦʤʞʠʪ ʵʭ װװʩʚʵʨװװʜ  

ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ ʛʵʜʵʛ ʥʴ ʭװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʫʣʤʘʘʩ ʭᴇʨʩᴇʥʜ ʦʨʛʘʥʠʢ 

ʙʦʣʦʥ ʦʨʛʘʥʠʢ ʙʠʰ ʙʦʜʠʩʫʫʜʳʥ ʘʛʫʫʣʘʤʞ ʭװʣʮʵʭ ʭʵʤʞʵʵʥʵʵʩ ʠʭʩʵʥ, ʵʜʛʵʵʨ ʥʴ ʫʨʛʘʤʘʣ 

ʙʦʣʦʥ ʘʤʴʜ ʦʨʛʘʥʠʟʤʜ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ װʟװװʣʵʭ ʭʵʤʞʵʵʥʜ ʭװʨʯ ʭʫʨʠʤʪʣʘʛʜʘʭ װʡʣ ʷʚʮʳʛ 

ʭʵʣʥʵ. ʍװʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʫʣʤʘʘʩ ʭᴇʨʩᴇʥʜ ʦʨʞ ʙʫʡ ʙʦʜʠʩʳʥ ʭʵʤʞʵʵ ʥʴ ʪʫʭʘʡʥ 

ʙʦʜʠʩʳʥ ʟʘʜʨʘʣ, ʫʫʩʘʣʪ, ʘʶʫʣʛװʡ ʭʵʣʙʵʨʪ ʰʠʣʞʠʭ ʯʘʜʚʘʨʘʘʩ ʜʘʚʩʘʥ ʪʦʭʠʦʣʜʦʣʜ 

ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ װװʩʜʵʛ. ʍᴇʨʩ ʥʴ ʘʛʘʘʨ, ʫʩ, ʫʨʛʘʤʣʳʛ ʙʦʜʚʦʣ ʙʦʭʠʨʜʫʫʣʘʛʯʠʡʛ ᴇᴇʨʪᴇᴇ 

ʫʜʘʘʥ ʭʫʛʘʮʘʘʥʜ ʰʠʥʛʵʵʞ ʭʘʜʛʘʣʘʭ ʦʥʮʣʦʛʪʦʡ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʪʝʭʥʦʛʝʥ ʥᴇʣᴇᴇʣʣʠʡʥ ʙװʭ 

ʭʫʛʘʮʘʘʥʜ װʨʛʵʣʞʠʣʜʵʛ.  

ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ ʥʴ װʥʜʩʵʥʜʵʵ ʙʦʭʠʨʜʦʣʪʳʥ ʵʭ װװʩʚʵʨʵʵʩ ʰʘʣʪʛʘʘʣʜʘʛ. ɽʨ ʥʴ 

ʭʦʪʫʫʜʳʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨװװʜʵʜ ɼʎʉ, ʮʵʚʵʨʣʵʭ ʙʘʡʛʫʫʣʘʤʞʠʡʥ ʣʘʛ, ʘʚʪʦ 

ʤʘʰʠʥ, ʛʵʨ ʭʦʨʦʦʣʦʣ, ʘʚʪʦ ʟʘʩʚʘʨʫʫʜ, ʫʛʘʘʣʛʘ, ʭʫʜʘʣʜʘʘʥʳ ʟʘʭʫʫʜ, ʭʦʸʨʜʦʛʯ ʪװװʭʠʡ ʵʜ 

ʘʚʘʭ ʮʵʛ, ʘʨʴʩ ʰʠʨ ʙʦʣʦʚʩʨʫʫʣʘʭ װʡʣʜʚʵʨ, ᴇʥʛᴇʪ ʤʝʪʘʣʣʳʥ װʡʣʜʚʵʨ, װʡʣʜʚʵʨʵʵʩ ʛʘʨʘʭ 

ʪʦʦʩʦʥʮʦʨ, װʡʣʜʚʵʨʠʡʥ ʭʘʷʛʜʘʣ ʦʚʦʦʣʛʦ ʛʵʭ ʤʵʪ ʭװʯʠʥ ʟװʡʣװװʜ ʙʘʛʪʘʥʘ. ʄʦʥʛʦʣ ʦʨʥʳ 

ʭʫʚʴʜ ʭʠʤʠʡʥ ʙʦʣʦʥ ʭװʥʜ װʡʣʜʚʵʨ ʭᴇʛʞᴇᴇʛװʡ ʫʯʨʘʘʩ ʪʦʜʦʨʭʦʡ ʪᴇʨʣʠʡʥ ʙʦʭʠʨʜʫʫʣʘʛʯʠʡʛ 
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ʠʭ ʭʵʤʞʵʵʛʵʵʨ ʙʘʡʛʘʣʴ ʦʨʯʠʥ, ʭᴇʨʩᴇʥʜ ʛʘʨʛʘʞ ʭʘʷʭ ʥʴ ʙʘʛʘ ʙʦʣʦʚʯ ʩװװʣʠʡʥ ʞʠʣװװʜʵʜ 

ʥʵʤʵʛʜʵʭ ʭʘʥʜʣʘʛʘ ʘʞʠʛʣʘʛʜʘʞ ʙʘʡʥʘ. 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨʠʡʛ װװʩʛʵʭ ʙʦʣʦʤʞʠʪ ʵʭ 

 ʥʜ ʋʣʘʘʥʙʘʘʪʘʨװת .ʜʪʵʡ ʭʘʨʴʮʫʫʣʘʥ ʟʫʨʘʛʣʘʩʘʥװװʜʠʡʛ ʭᴇʨʩʥʠʡ ʜʵʵʞ ʘʚʩʘʥ ʮʵʛװװʩʚʵʨװװ

ʭʦʪʳʥ ʭʵʤʞʵʵʥʜ ʙʘʡʛʘʘ ʘʚʪʦ ʟʘʩʚʘʨʳʥ ʛʘʟʨʫʫʜ, ʭʘʷʛʜʘʣ ʜʘʭʠʥ ʙʦʣʦʚʩʨʫʫʣʘʭ 

  .ʛʵʵʭ ʩʪʘʥʮ ʟʵʨʵʛ ʭʘʤʘʘʨʥʘװʭʵʥ ʞʦʨʣʦʥ, ʰʘʪʘʭʫʫʥ ʪװʜ, ʥװװʡʣʜʚʵʨװ

 

ɿʫʨʘʛ  3. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʘʚʪʦ ʟʘʩʚʘʨʳʥ ʛʘʟʨʫʫʜ ʙʘ ʜʵʵʞ ʘʚʩʘʥ ʮʵʛϾϾʜ  
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ɿʫʨʘʛ  4. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭʘʷʛʜʘʣ ʜʘʭʠʥ ʙʦʣʦʚʩʨʫʫʣʘʭ ϾʡʣʜʚʵʨϾϾʜ ʙʘ ʜʵʵʞ ʘʚʩʘʥ 
ʮʵʛϾϾʜ 

 

ɿʫʨʘʛ  5. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʰʘʪʘʭʫʫʥ ʪϾʛʵʵʭ ʩʪʘʥʮʫʫʜ ʙʘ ʜʵʵʞ ʘʚʩʘʥ ʮʵʛϾϾʜ 
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ɿʫʨʘʛ  6. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʥϾʭʵʥ ʞʦʨʣʦʥ ʙʘ ʜʵʵʞ ʘʚʩʘʥ ʮʵʛϾϾʜ 

 

 

ɿʫʨʘʛ  7. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʩʫʫʨʴʰʣʳʥ ʙװʩ ʜʵʭ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ װװʩʛʵʭ ʙʦʣʦʤʞʠʪ 

ʵʭ װװʩʚʵʨװװʜ ʙʘ ʜʵʵʞ ʘʚʩʘʥ ʮʵʛװװʜ  
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ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʛ װʥʵʣʵʭʵʜ ʩʫʫʨʴʰʣʳʥ ʙװʩʠʡʥ ʥᴇʭʮᴇʣ, ʵʭ 

 ʟʵʭ ʥʴ ʯʫʭʘʣ ʶʤ. ʉʫʜʘʣʛʘʘʥʳ ʜʵʵʞ ʘʚʘʭʘʜ ʜʘʚʭʘʨ ʙʘʡʨʰʠʣװ ʜʠʡʛ ʭʘʨʛʘʣʟʘʥ ʘʚʯװװʩʚʵʨװװ

ʙʫʶʫ ʦʣʦʥ ʪװʚʰʠʥʛʵʵʩ ʜʵʵʞ ʘʚʯ, ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪʘʨʭʘʣʪ, ʪװʚʰʠʥʛ ʥʘʨʠʡʚʯʣʘʥ 

ʪʦʜʦʨʭʦʡʣʩʦʥ. װתʥʠʡ װʨ ʜװʥʜ ʩʫʫʨʴʰʣʳʥ ʙװʩʠʡʥ ʜʠʡʣʵʥʭ ʜʵʵʞʠʡʥ ʮʵʛ ʥʴ ʥװʭʵʥ 

ʞʦʨʣʦʥʪʦʡ ʦʡʨ ʦʨʰʠʭ ʙᴇʛᴇᴇʜ, ʟʘʨʠʤ ʮʵʛ ʥʴ ʰʘʪʘʭʫʫʥ ʪװʛʵʵʭ ʩʪʘʥʮ, ʘʚʪʦ ʟʘʩʚʘʨʳʥ ʛʘʟʘʨ 

ʟʵʨʵʛ ʙʦʭʠʨʜʣʳʥ ʛʦʣ ʵʭ װװʩʚʵʨʪʵʡ ʦʡʨ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʭᴇʨʩᴇʥʜ ʭװʥʜ ʤʝʪʘʣʣ, ʦʨʛʘʥʠʢ 

ʙʦʭʠʨʜʫʫʣʘʛʯʠʜ, ʥʥ̫ʛʠʡʥ ʟʵʨʵʛ ʙʦʭʠʨʜʣʳʥ ʘʛʫʫʣʘʤʞʠʡʛ ʥʵʤʵʛʜװװʣʵʭ ʥᴇʭʮʣʠʡʛ 

ʙװʨʜװװʣʜʵʛ.  

2.4. ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘʟװʡ  

ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʛ ʪʦʜʦʨʭʦʡʣʦʭʜʦʦ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʘʤʞ, ʵʨװװʣ 

ʘʭʫʡʥ ʰʘʘʨʜʣʘʛʳʥ ʜʘʛʫʫ ʥʷʥʛʠʡʥ ʰʠʥʞʠʣʛʵʵʛ ʭʠʡʞ, ʪװװʥʜ װʥʜʵʩʣʵʥ ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ, 

ʙʦʭʠʨʜʣʳʥ ʘʯʘʘʣʣʳʥ ʠʥʜʝʢʩ ʙʦʣʦʥ ʛʝʦ-ʭʫʨʠʤʪʣʘʣʳʛ ʪʦʦʮʦʦʣʩʦʥ ʙᴇʛᴇᴇʜ Microsoft Excel 

2019 XLSTAT extensions ʘʰʠʛʣʘʥ ʄʦʥʛʦʣ ʋʣʩʳʥ ʩʪʘʥʜʘʨʪ (MNS), ʆʣʦʥ ʋʣʩʳʥ ʩʪʘʥʜʘʨʪ 

ʫʪʛʫʫʜʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ʜװʛʥʵʣʪ ʛʘʨʛʘʩʘʥ.  

ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ 507 ʮʵʛʠʡʥ ʜʵʵʞʠʥʜ (Cr /ʭʨʦʤ/, Pb /ʭʘʨ ʪʫʛʘʣʛʘ/, Cd /ʢʘʜʤʠ/, 

Zn /ʮʘʡʨ/, Cu /ʟʵʩ/, Ni /ʥʠʢʝʣʴ/,  As /ʭװʥʮʵʣ/, Co /ʢʦʙʘʣʴʪ/, Sr /ʩʪʨʦʥʮʠ/, B /ʙʦʨ/, Hg /ʤᴇʥʛᴇʥ 

ʫʩ/, Mo /ʤʦʣʠʙʜʝʥ/)-ʳʥ ʟʵʨʵʛ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʰʠʥʞʠʣʛʵʵʛ ICP-OES ʙʘʛʘʞʘʘʨ 

ɻʝʦʘʥʘʣʠʪʠʢ ʍʍʂ-ʠʡʥ ʣʘʙʦʨʘʪʦʨʠʜ ʪʦʜʦʨʭʦʡʣʩʦʥ. ʄᴇʥ ʭᴇʨʩʥʠʡ ʤʠʢʨʦʙʠʦʣʦʛʠʡʥ 

ʰʠʥʞʠʣʛʵʵ (ʅʷʥʛʠʡʥ ʪʦʦ ï E.Coli, ɻʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʨʳʥ ʪʠʪʨ, ʘʥʘʵʨʦʙ)-ʛ MNS6341:2012 

(ʍᴇʨʩʥʠʡ ʯʘʥʘʨ. ʍᴇʨʩᴇʥʜ ʵʨװװʣ ʟװʡʥ ʥʷʥ ʩʫʜʣʘʣʳʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʭ ʘʨʛʘ) ʜʘʛʫʫ 

ʣʘʙʦʨʘʪʦʨʠʜ ʪʦʜʦʨʭʦʡʣʩʦʥ.   

ʍᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʪʦʜʦʨʭʦʡʣʦʛʜʩʦʥ ʘʛʫʫʣʘʤʞʠʡʛ ʪʫʭʘʡʥ ʵʣʝʤʝʥʪʠʡʥ 

ʙʘʡʛʘʣʠʡʥ ʬʦʥ ʘʛʫʫʣʘʤʞʪʘʡ ʙʫʶʫ ʪʝʭʥʦʛʝʥ ʥᴇʣᴇᴇʥʜ ᴇʨʪᴇᴇʛװʡ ʮʵʛʵʵʩ ʘʚʩʘʥ ʜʵʵʞʠʡʥ 

ʘʛʫʫʣʘʤʞʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩʠʡʛ ʪʦʦʮʩʦʥ. ʀʥʜʝʢʩʠʡʛ 

ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʜʘʨʘʘʭ ʪʦʤʲʸʦʛ ʭʵʨʵʛʣʵʚ (Hakanson.L, , 1980).  

ὖὍ
ὅὲ

ὅὦ
 

Cn - ʙʦʭʠʨʜʣʳʥ װʟװװʣʵʣʪ 

Cb ï ɼʵʚʩʛʵʨ ʘʛʫʫʣʘʤʞ ʙʫʶʫ ʙʦʭʠʨʜʦʦʛװʡ ʭᴇʨʩʥʠʡ װʟװװʣʵʣʪ 

ʊʦʜʦʨʭʦʡʣʩʦʥ ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩʠʡʛ ʘʰʠʛʣʘʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʛ ʜʘʨʘʘʭ 

ʙʘʡʜʣʘʘʨ ʘʥʛʠʣʥʘ.  
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ʍϾʩʥʵʛʪ 3. ɹʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ (ʭϾʥʜ ʤʝʪʘʣʣ) 

ɹʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ ɹʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ 

PI<1 ɹʦʭʠʨʜʦʣʪʛװʡ 

1<PI<3 ɹʘʛʘ ʟʵʨʵʛ ʙʦʭʠʨʜʦʣʪʪʦʡ 

3<PI<6 ɹʦʭʠʨʜʦʣʪʪʦʡ 

6<PI ʀʭ ʙʦʭʠʨʜʦʣʪʪʦʡ 

. 

ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʘʯʘʘʣʣʳʥ ʠʥʜʝʢʩ (PLI) ʥʴ ʪʫʭʘʡʥ ʮʵʛʠʡʥ ʭʫʚʴʜ ʭװʥʜ 

ʤʝʪʘʣʣʫʫʜʘʘʨ ʙʦʭʠʨʜʩʦʥ ʵʩʵʭʠʡʛ ʝʨᴇʥʭʠʡʜ ʥʴ װʥʵʣʵʭ ʙᴇʛᴇᴇʜ ʤʝʪʘʣʣ ʪʫʩ ʙװʨʠʡʥ 

ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩʠʡʛ ʘʰʠʛʣʘʥ ʜʘʨʘʘʭ ʪʦʤʴʸʦʛʦʦʨ ʪʦʦʮʦʦʣʥʦ (Tomlinson DL, , 1980).  

ὖὒὍὖὍ ὖὍ ὖὍ ȣȣȣȢὖὍ Ⱦ  

ʊʫʭʘʡʥ ʮʵʛʪ PLI>1 ʙʦʣ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʦʣ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʥʜ ʙʘʡʥʘ ʛʵʞ װʟʜʵʛ. 

ʍʘʨʠʥ PLI<1 ʙʦʣ ʭװʥʜ ʤʝʪʘʣʣʘʘʨ ʙʦʭʠʨʜʦʦʛװʡ ʙʘʡʥʘ ʛʵʞ ʜװʛʥʵʥʵ.  

ʊʝʭʥʦʛʝʥ ʥᴇʣᴇᴇʛᴇᴇʨ װװʩʩʵʥ ʭᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʭʫʨʠʤʪʣʘʣʳʛ (Igeo), 

ʙʘʡʛʘʣʠʡʥ ʩʫʫʨʴ װʟװװʣʵʣʪʪʵʡ ʭʘʨʴʮʫʫʣʘʭ ʟʘʨʯʤʘʘʨ M¿ller (1969)ïʠʡʥ ʪʵʛʰʠʪʛʵʣʠʡʥ 

ʜʘʛʫʫ ʪʦʦʮʦʦʣʩʦʥ:  

)ÇÅÏÌÏÇ ͅς
ὅὲ

ρȢυὄὲ
 

ʕʥʜ: Cn ʵʣʝʤʝʥʪʠʡʥ ʭʵʤʞʩʵʥ ʜװʥʛ ʠʣʵʨʭʠʡʣʵʭ ʙʘ Bn ʙʘʡʛʘʣʠʡʥ ʪʝʭʥʦʛʝʥ ʥᴇʣᴇᴇʥʜ 

ᴇʨʪᴇᴇʛװʡ ʭᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʜʫʥʜʘʞ ʘʛʫʫʣʘʤʞ. Igeo ʙʫʶʫ ʭװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʛʝʦ-

ʭʫʨʠʤʪʣʘʣʳʛ װʥʵʣʵʭʜʵʵ 0ï1, ʙʦʭʠʨʜʦʣʛװʡ; 1ï2, ʙʘʛʘ ʟʵʨʵʛ ʙʦʭʠʨʜʦʣʪʦʡ; 2ï3, ʜʫʥʜ ʟʵʨʵʛ 

ʙʦʭʠʨʜʦʣʪʦʡ; 3ï4, ʠʭ ʙʦʭʠʨʜʦʣʪʦʡ; 4ï5, ʤʘʰ ʠʭ ʙʦʭʠʨʜʦʣʪʦʡ; ʤᴇʥ 45, ʭʵʪ ʠʭ 

ʙʦʭʠʨʜʦʣʪʦʡ ʛʵʞ ʘʥʛʠʣʥʘ. 

ʍᴇʨʩʥʠʡ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʣʳʛ װʥʵʣʵʭʵʜ ɹʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ PI (Hakanson, 1980) 

ʘʰʠʛʣʘʩʘʥ. ɹʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩʠʡʛ ʜʘʨʘʘʭ ʪʦʤʴʸʦʛʦʦʨ ʪʦʜʦʨʭʦʡʣʥʦ:  

ὖὍ
ὅὲ

ὅὦ
 

Cn - ʙʦʭʠʨʜʣʳʥ װʟװװʣʵʣʪ 

Cb ï ʬʦʥ ʘʛʫʫʣʘʤʞ ʙʫʶʫ ʙʦʭʠʨʜʦʦʛװʡ ʭᴇʨʩʥʠʡ װʟװװʣʵʣʪ 

ɹʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩʠʡʥ ʭʵʤʞʵʵʛʵʵʨ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʘʥʛʠʣʥʘ (Hakanson.L, , 1980).  
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ʍϾʩʥʵʛʪ 4. ɹʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ (ʥʷʥ) 

ɹʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ ɹʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ 

PI<1 ɹʦʭʠʨʜʦʣʪʛװʡ 

1<PI<3 ɹʘʛʘ ʟʵʨʵʛ ʙʦʭʠʨʜʦʣʪʪʦʡ 

3<PI<6 ɹʦʭʠʨʜʦʣʪʪʦʡ 

6<PI ʀʭ ʙʦʭʠʨʜʦʣʪʪʦʡ 

ʍϾʩʥʵʛʪ 5. ʍЊʨʩʥʠʡ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʣʳʥ Ͼʥʵʣʛʵʵ (MNS 3297:2019) 

ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ɻʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʘʨ ɸʥʘʵʨʦʙ 

ʎʵʚʵʨ  Ó0.1 Ó0.1 

ɹʘʛʘ ʙʦʭʠʨʜʦʣʪʦʡ 0.01 0.01 

ɼʫʥʜ ʙʦʭʠʨʜʦʣʪʦʡ 0.001 0.001 

ʀʭ ʙʦʭʠʨʜʦʣʪʦʡ Ò0.0001 Ò0.0001 

 

2.5. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʦʣ  

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ 9 ʜװװʨʛʠʡʥ (ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ, ɹʘʷʥʛʦʣ, ʍʘʥ-ʋʫʣ, ʉװʭʙʘʘʪʘʨ, 

ʏʠʥʛʵʣʪʵʡ, ɹʘʷʥʟװʨʭ, ʅʘʣʘʡʭ, ɹʘʛʘʭʘʥʛʘʡ, ɹʘʛʘʥʫʫʨ) ʥʫʪʘʛ ʜʵʚʩʛʵʨʵʵʩ ʥʠʡʪ 507 ʰʠʨʭʵʛ 

ʭᴇʨʩʥʠʡ ʜʵʵʞ ʮʫʛʣʫʫʣʞ, ʭװʥʜ ʤʝʪʘʣʣʳʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʚ. ʐʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʜ 

ʩʪʘʪʠʩʪʠʢʠʡʥ ʘʥʭʜʘʛʯ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʞ, ʜʘʨʘʘʭ ʭװʩʥʵʛʪʵʜ װʟװװʣʵʚ. װתʥʜ: 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʜʵʚʩʛʵʨ ʘʛʫʫʣʘʤʞʠʡʛ ʛʘʟʘʨ ʘʰʠʛʣʘʣʪʳʥ 

ʵʨʯʠʤ ʙʦʣʦʥ ʟʦʥʭʠʣʦʭ ʭʵʚ ʰʠʥʞʠʡʥ ʭᴇʨʩʥʠʡ ʪʘʨʭʘʣʪ ʙʦʣʦʥ ʭᴇʨʩ װװʩʛʵʛʯ ʵʭ ʯʫʣʫʫʣʛʠʡʥ 

ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʫʷʣʜʫʫʣʘʥ 9 ʮʵʛʠʡʥ ʜʫʥʜʘʞ ʫʪʛʘʘʨ ʩʦʥʛʦʥ ʘʚʯ ʘʰʠʛʣʘʩʘʥ.  

ʍװʩʥʵʛʪ 6. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʘʤʞ, ʤʛ/ʢʛ 

ʉʪʘʪʠʩʪʠʢ 

 ʣʵʣʪװװʟװ

ʍᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʤʝʪʘʣʣʫʫʜ, ʤʛ/ʢʛ 

As B Cd Co Cr Cu Hg Mo Ni Pb Sr Zn 

Count 507 507 507 507 507 507 507 507 507 507 507 507 

Maximum 40.0 <10 <1 19.3 593.9 1107.9 <1 12.4 95.7 2190.1 744.5 885.2 

Minimum <1.0 <10 <1 4.1 8.5 <1.0 <1 <1.0 5.2 <1.0 144.7 25.3 

Mean 12.4 <10 <1 11.2 32.9 16.3 <1 0.7 18.1 24.4 316.5 103.6 

ɼʵʚʩʛʵʨ 

ʘʛʫʫʣʘʤʞ 
5.71 <10 <1 11.45 29.46 9.66 <1 <1.0 18.58 9.78 305.15 68.33 

MNS 

(5850:2019) 
20.0 25 3 50.0 150.0 100.0 2 5.0 150.0 100.0 800.0 300.0 

ʅʠʡʪ 12 ʤʝʪʘʣʣʳʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʣʛʵʩʵʥ ʙʦʣʦʚʯ ɹʦʨ (B), ʄᴇʥʛᴇʥ ʫʩ (Hg) ʥʠʡʪ ʮʵʛʪ 

ʠʣʨʵʵʛװʡ ʙʫʶʫ ʙʘʛʘʞʠʡʥ ʪʦʜʦʨʭʦʡʣʦʭ ʜʦʦʜ ʭʷʟʛʘʘʨ (<10, <1 ʤʛ/ʢʛ)-ʘʘʩ ʙʘʛʘ ʫʪʛʘʪʘʡ 

ʙʘʡʩʘʥ. ʄᴇʥ ʂʘʜʤʠ (Cd) 7 ʮʵʛʪ ʠʣʵʨʩʵʥ, ʙʫʩʘʜ ʮʵʛʪ ʠʣʨʵʵʛװʡ ʙʫʶʫ ʙʘʛʘʞʠʡʥ ʪʦʜʦʨʭʦʡʣʦʭ 

ʜʦʦʜ ʭʷʟʛʘʘʨ (<1 ʤʛ/ʢʛ)-ʘʘʩ ʙʘʛʘ ʫʪʛʘʪʘʡ ʙʘʡʩʘʥ. ʐʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛʠʡʥ ʩʪʘʪʠʩʪʠʢ 
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 ,ʥʮʵʣ (As) <1.0-40.0 ʤʛ/ʢʛ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʜʫʥʜʞʘʘʨ 12.4 ʤʛ/ʢʛװʟʵʭʵʜ ʍװ ʣʵʣʪʵʵʩװװʟװ

ʂʦʙʘʣʴʪ (Co) 4.1-19.3 ʤʛ/ʢʛ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʜʫʥʜʞʘʘʨ 11.2 ʤʛ/ʢʛ, ʍʨʦʤ (Cr) 8.5-593.9 

ʤʛ/ʢʛ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʜʫʥʜʞʘʘʨ 32.9 ʤʛ/ʢʛ,  ɿʵʩ (Cu) <1.0-1107.9 ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ 

ʜʫʥʜʞʘʘʨ 16.3 ʤʛ/ʢʛ, ʄʦʣʠʙʜʝʥ (Mo) <1.0-12.4 ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʜʫʥʜʞʘʘʨ <1.0 ʤʛ/ʢʛ, 

ʅʠʢʝʣʴ (Ni) 5.2-95.7 ʤʛ/ʢʛ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʜʫʥʜʞʘʘʨ 18.1 ʤʛ/ʢʛ, ʍʘʨ ʪʫʛʘʣʛʘ (Pb) <1.0-

2190.1 ʤʛ/ʢʛ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʜʫʥʜʞʘʘʨ 24.4 ʤʛ/ʢʛ, ʉʪʨʦʥʮʠ (Sr) 144.7-744.5 ʤʛ/ʢʛ 

ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʜʫʥʜʞʘʘʨ 316.5 ʤʛ/ʢʛ, ʎʘʡʨ (Zn) 25.3-885.2 ʤʛ/ʢʛ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ 

ʜʫʥʜʞʘʘʨ 103.6 ʤʛ/ʢʛ ʙʘʡʥʘ.  

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩʠʡʛ ʘʰʠʛʣʘʥ 

ʪʘʨʭʘʣʪʳʛ ʟʫʨʘʛʣʘʚ.  

 

ɿʫʨʘʛ  8. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʍϾʥʮʵʣ (As)-ʠʡʥ ʪʘʨʭʘʣʪ 
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ɿʫʨʘʛ  9. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʂʦʙʘʣʴʪ (Co)-r ʥ ʪʘʨʭʘʣʪ 

 

ɿʫʨʘʛ  10. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʍʨʦʤ (Cr)-r ʥ ʪʘʨʭʘʣʪ 
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ɿʫʨʘʛ  11. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ɿʵʩ (Cu)-ʠʡʥ ʪʘʨʭʘʣʪ 

 

ɿʫʨʘʛ  12. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʄʦʣʠʙʜʝʥ (Mo)-r  ʪʘʨʭʘʣʪ 
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ɿʫʨʘʛ  13. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʅʠʢʝʣʴ (Ni)-ʠʡʥ ʪʘʨʭʘʣʪ 

 

ɿʫʨʘʛ  14. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʍʘʨʪʫʛʘʣʛʘ (Pb)-ʥʳ ʪʘʨʭʘʣʪ 
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ɿʫʨʘʛ  15. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʉʪʨʦʥʮʠ (Sr)-ʠʡʥ ʪʘʨʭʘʣʪ 

 

ɿʫʨʘʛ  16. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʎʘʡʨ (Zn)-r ʥ ʪʘʨʭʘʣʪ 

ɼʵʵʨʭ ʟʫʨʛʫʫʜ ʜʘʭʴ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʪʘʨʭʘʣʪʳʛ װʟʵʭʵʜ ʍװʥʮʵʣ (As) ʭʦʪʳʥ ʟװװʥ ʙʦʣʦʥ ʫʨʜ 

ʭʵʩʵʛ, ʍʘʨʪʫʛʘʣʛʘ (Pb) ʭʦʪʳʥ ʪᴇʚ ʭʵʩʵʛ ʙʦʣʦʥ ɹʘʷʥʟװʨʭ ʜװװʨʛʠʡʥ ʟʘʨʠʤ ʭʵʩʵʛ, ʎʘʡʨ (Zn) 
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ʭʦʪʳʥ ʪᴇʚ ʭʵʩʛʵʵʨ ʪʫʩ ʪʫʩ PI>1 ʙʫʶʫ ʙʦʭʠʨʜʦʣʪʦʡ ʙʘʡʥʘ. ɹʫʩʘʜ ʤʝʪʘʣʣʫʫʜ PI < 1 ʙʦʣʦʥ 

ʦʡʨʦʣʮʦʦ ʫʪʛʘʪʘʡ ʙʦʭʠʨʜʦʣ ʙʘʛʘʪʘʡ ʙʘʡʥʘ.   

ʍװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩʵʜ װʥʜʵʩʣʵʥ ʙʦʭʠʨʜʣʳʥ ʘʯʘʘʣʣʳʥ 

ʠʥʜʝʢʩʠʡʛ ʪʦʦʮʦʦʣʦʥ ʪʘʨʭʘʣʪʳʥ ʟʫʨʛʠʡʛ װʟװװʣʵʚ. 

 

ɿʫʨʘʛ  17. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʭϾʥʜ ʤʝʪʘʣʣʳʥ ʪʘʨʭʘʣʪ 

ɿʫʨʘʛʪ װʟװװʣʩʥʵʵʨ, ɹʘʛʘʥʫʫʨ ʙʦʣʦʥ ʅʘʣʘʡʭ ʜװװʨʛʠʡʥ ʠʭʵʥʭ ʮʵʛװװʜʵʜ ɹɸʀ < 1 ʙʫʶʫ 

ʙʦʭʠʨʜʦʣʛװʡ, ʭʘʨʠʥ ʙʫʩʘʜ ʜװװʨʛװװʜʵʜ ɹɸʀ > 1 ʫʪʛʘʪʘʡ ʙʘʡʛʘʘ ʥʴ ʭװʥʜ ʤʝʪʘʣʣʳʥ 

ʙʦʭʠʨʜʦʣ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʥʜ ʙʘʡʛʘʘʛ ʠʣʪʛʵʞ ʙʘʡʥʘ. 

ʕʜʛʵʵʨ ʙʦʭʠʨʜʣʳʥ ʘʯʘʘʣʣʳʥ ʠʥʜʝʢʩʠʡʥ װʟװװʣʵʣʪʠʡʛ ʙʦʭʠʨʜʣʳʥ ʙʦʣʦʤʞʠʪ ʵʭ 

 ʣʵʣʪʵʵʩ ʭʘʨʘʭʘʜװװʟת .ʣʵʚ (ɿʫʨʘʛ 18)װװʟװ ʜʪʵʡ ʫʷʣʜʫʫʣʘʥ ʭʘʨʴʮʫʫʣʞ ʟʫʨʛʘʘʨװװʩʚʵʨװװ

ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ᴇʥʜᴇʨ ʛʘʨʩʘʥ ʮʵʛװװʜ ʥʴ ʠʭʵʚʯʣʵʥ ʰʘʪʘʭʫʫʥ ʪװʛʵʵʭ ʩʪʘʥʮ, ʘʚʪʦ 

ʟʘʩʚʘʨʳʥ ʛʘʟʘʨ, ʭʘʷʛʜʘʣ ʙʦʣʦʚʩʨʫʫʣʘʭ װʡʣʜʚʵʨ ʙʦʣʦʥ ʙʫʩʘʜ װʡʣʜʚʵʨʣʵʣʠʡʥ ʙװʩʠʡʥ 

ʦʡʨʦʣʮʦʦ ʙʘʡʛʘʘʛ ʘʥʭʘʘʨʘʭ ʙʦʣʦʤʞʪʦʡ. ʕʜʛʵʵʨ ʙװʩʵʜ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩ ᴇʥʜᴇʨ 

ʛʘʨʯ ʙʘʡʛʘʘ ʥʴ ʪʫʭʘʡʥ ʦʨʯʥʳʛ ʭװʥ ʘʤʳʥ ʘʤʴʜʨʘʭ ʦʨʯʠʥʜ ʥᴇʣᴇᴇʣᴇʭ ʵʨʩʜʣʠʡʛ ʥʵʤʵʛʜװװʣʞ, 

ʭװʥʜ ʤʝʪʘʣʣʳʥ ʭʫʨʠʤʪʣʘʣ ʠʭʩʵʭ ʥᴇʭʮʣʠʡʛ ʙװʨʜװװʣʞ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ.  
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ɿʫʨʘʛ  18. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʭϾʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʣʳʥ ʘʯʘʘʣʣʳʥ 

ʠʥʜʝʢʩ ʙʘ ʙʦʭʠʨʜʣʳʥ ʙʦʣʦʤʞʠʪ ʵʭ ϾϾʩʚʵʨʠʡʥ ʭʘʤʘʘʨʘʣ  

 

ʊʝʭʥʦʛʝʥ ʥᴇʣᴇᴇʛᴇᴇʨ װװʩʩʵʥ ʭᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʭʫʨʠʤʪʣʘʣʳʛ (Igeo) 

ʪʦʦʮʦʞ, ʙʘʡʛʘʣʠʡʥ ʜʵʚʩʛʵʨ ʘʛʫʫʣʘʤʞʪʘʡ ʭʘʨʴʮʫʫʣʘʥ ʛʘʟʨʳʥ ʟʫʨʘʛ ʜʵʵʨ ʪʘʨʭʘʣʪʳʛ 

ʜװʨʩʣʵʚ (ɿʫʨʘʛ 19). Igeo ʥʴ ʭᴇʨʩᴇʥʜ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʘʤʞ ʪʫʭʘʡʥ ʦʨʯʥʳ ʙʘʡʛʘʣʠʡʥ 

ʬʦʥʪʦʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʭʵʨ ʠʭ ʥʵʤʵʛʜʩʵʥ ʙʦʣʦʭʳʛ ʪʦʜʦʨʭʦʡʣʦʭ װʟװװʣʵʣʪ ʶʤ. ɻʝʦ-

ʭʫʨʠʤʪʣʘʣʳʥ ʪʘʨʭʘʣʪʳʥ ʟʫʨʛʘʘʩ װʟʵʭʵʜ ʠʭʵʥʭ ʮʵʛװװʜʵʜ Igeo < 1 ʙʘʛʘ ʫʪʛʘʪʘʡ ʙʘʡʛʘʘ ʯ 

ʭʦʪʳʥ ʪᴇʚ ʭʵʩʵʛ ʙʦʣʦʥ ɹʘʷʥʟװʨʭ ʜװװʨʛʠʡʥ ʟװװʥ ʫʨʜ ʭʵʩʵʛ ʦʨʯʠʤ Igeo > 2 ʙʫʶʫ ʙʦʭʠʨʜʦʣ 

ʠʭʪʵʡ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ.  
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ɿʫʨʘʛ  19. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʭϾʥʜ ʤʝʪʘʣʣʳʥ ʛʝʦ-ʭʫʨʠʤʪʣʘʣ 

 

ʊʝʭʥʦʛʝʥ ʭʫʨʠʤʪʣʘʣ ʠʭʪʵʡ ʙʘʡʛʘʘ ɹʘʷʥʟװʨʭ ʜװװʨʛʠʡʥ ʫʨʜ ʭʵʩʵʛ ʙʦʣʦʥ ʭʦʪʳʥ 

ʪᴇʚʠʡʥ ʭʵʩʛʠʡʛ ʥʘʨʠʡʚʯʠʣʘʥ ʪʦʜʨʫʫʣʞ, ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨװװʜʪʵʡ ʫʷʣʜʫʫʣʘʥ 

ʭʘʨʴʮʫʫʣʣʘʘ (ɿʫʨʘʛ 20). ʍʘʨʴʮʫʫʣʩʘʥ ʟʫʨʛʘʘʩ ʭʘʨʘʭʘʜ ʙʦʭʠʨʜʣʳʥ ʛʦʣʦʤʪ ʥʴ ʘʚʪʦ ʟʘʤʳʥ 

ʭᴇʜᴇʣʛᴇᴇʥ ʠʭʪʵʡ ʙװʩ, ʰʘʪʘʭʫʫʥ ʪװʛʵʵʭ ʩʪʘʥʮʳʥ ʦʡʨʦʣʮʦʦ, ʤᴇʥ װʡʣʜʚʵʨʣʵʣʠʡʥ װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʳ ʙװʩʵʜ ʪᴇʚʣᴇʨʩᴇʥ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʭᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʪʘʨʭʘʣʪ, 

ʭʫʨʠʤʪʣʘʣ ʥʴ ʟᴇʚʭᴇʥ ʙʘʡʛʘʣʠʡʥ ʥᴇʭʮᴇʣᴇᴇʩ ʭʘʤʘʘʨʘʭʛװʡ, ʭʘʨʠʥ ʭװʥ ʘʤʳʥ ʪᴇʚʣᴇʨᴇʣ, ʘʚʪʦ 

ʟʘʤʳʥ ʭᴇʜᴇʣʛᴇᴇʥ, ʰʘʪʘʭʫʫʥ ʪװʛʵʵʭ ʩʪʘʥʮ, װʡʣʜʚʵʨʣʵʣʠʡʥ ʭװʯʠʥ ʟװʡʣ ʟʵʨʵʛʪʵʡ ʰʫʫʜ 

ʫʷʣʜʘʘʪʘʡ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ.  
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ɿʫʨʘʛ  20. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʭϾʥʜ ʤʝʪʘʣʣʳʥ ʛʝʦ-ʭʫʨʠʤʪʣʘʣ 

2.6. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩᴇʥ ʜʵʭ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʦʣ  

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ (ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ, ɹʘʷʥʛʦʣ, ʍʘʥ-ʋʫʣ, ʉװʭʙʘʘʪʘʨ, ʏʠʥʛʵʣʪʵʡ, 

ɹʘʷʥʟװʨʭ, ʅʘʣʘʡʭ, ɹʘʛʘʭʘʥʛʘʡ, ɹʘʛʘʥʫʫʨ)-ʳʥ ʥʠʡʪ 9 ʜװװʨʛʠʡʥ ʥʫʪʘʛ ʜʵʚʩʛʵʨʵʵʩ 

ʮʫʛʣʫʫʣʩʘʥ 507 ʰʠʨʭʵʛ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʡʥ ʥʷʥʛʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʜ ʩʪʘʪʠʩʪʠʢʠʡʥ 

ʘʥʭʜʘʛʯ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʞ ʜʘʨʘʘʭ ʭװʩʥʵʛʪʵʜ װʟװװʣʵʚ.  

ʍϾʩʥʵʛʪ 7. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʥʷʥʛʠʡʥ ϾʟϾϾʣʵʣʪ 

ʉʪʘʪʠʩʪʠʢ 

 ʣʵʣʪװװʟװ

ʍᴇʨʩᴇʥ ʜʵʭ ʥʷʥʛʠʡʥ װʟװװʣʵʣʪ 

ʅʷʥʛʠʡʥ ʪʦʦ 

ɻʵʜʵʩʥʠʡ 

ʩʘʚʭʘʥʮʨʳʥ ʪʠʪʨ 

(E.Coli) 

ɸʥʘʵʨʦʙ (Cl. 

Perfringens) 

Count 507 507 507 

Maximum 1.01*108 1.0 0.1 

Minimum 1.10*105 0.0001 0.01 

Mean 7.69*106 0.088 0.096 

MNS (3297:2019) - 0.01 0.01 

 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭʵʤʞʵʵʥʜ ʘʚʩʘʥ 507 ʭᴇʨʩʥʠʡ ʥʷʥʛʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ 

ʜװʥʛʵʵʩ װʟʵʭʵʜ ʥʷʥʛʠʡʥ ʪʦʦ 1.10*105 ï 1.01*108 ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʜʫʥʜʞʘʘʨ 7.69*106 
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ʙʫʶʫ ʥʠʡʪ ʮʵʛװװʜ ʥʷʥʛʘʘʨ ʙʦʭʠʨʜʩʦʥ ʙʘʡʥʘ. ɻʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʨʳʥ ʪʠʪʨ (E.Coli) Ó0.0001 

- Ó1.0 ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʜʫʥʜʞʘʘʨ 0.088 ʘʛʫʫʣʘʤʞʪʘʡ, ɸʥʘʵʨʦʙ (CI.perfringens) Ó0.01 - 

Ó 0.1 ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʜʫʥʜʞʘʘʨ Ó0.096 ʘʛʫʫʣʘʤʞʪʘʡ ʙʘʡʥʘ.  

ʍᴇʨʩʥʠʡ ʥʷʥʛʠʡʥ װʟװװʣʵʣʪװװʜʠʡʛ ʄʦʥʛʦʣ ʋʣʩʳʥ ʩʪʘʥʜʘʨʪ (MNS 3297:2019)-ʪʘʡ 

ʭʘʨʴʮʫʫʣʘʥ ʘʥʛʠʣʞ ʜʘʨʘʘʭ ʟʫʨʛʫʫʜʘʜ װʟװװʣʵʚ. 

 

 

ɿʫʨʘʛ  21. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʛʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʘʨʳʥ ʪʠʪʨ (E.Coli) 
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ɿʫʨʘʛ  22. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭЊʨʩЊʥ ʜʵʭ ʘʥʘʵʨʦʙ (Cl.Perfringens) 

ɿʫʨʘʛʪ װʟװװʣʩʥʵʵʨ ʛʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʨʳʥ ʪʠʪʨ (E.coli)-ʠʡʥ ʙʦʭʠʨʜʦʣ ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ, 

ɹʘʷʥʟװʨʭ ʜװװʨʵʛʪ ʭʘʤʛʠʡʥ ʠʭ ʮʵʛʪ ʠʣʵʨʩʵʥ ʙʦʣ ʘʥʘʵʨʦʙ (Cl.Perfringens)-ʳʥ ʙʦʭʠʨʜʦʣ 

ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ, ɹʘʷʥʛʦʣ, ɹʘʷʥʟװʨʭ ʜװװʨʵʛʪ ʭʘʤʛʠʡʥ ʠʭ ʮʵʛʪ ʠʣʵʨʩʵʥ ʙʘʡʥʘ.  

ʕʜʛʵʵʨ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʣʳʥ ʘʯʘʘʣʣʳʥ ʠʥʜʝʢʩʠʡʛ ʪʦʦʮʦʞ, ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ 

ʥװʭʵʥ ʞʦʨʣʦʥʛʠʡʥ ʙʘʡʨʣʘʣ ʙʦʣʦʥ ʙʫʩʘʜ ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨװװʜʪʵʡ ʜʘʚʭʮʫʫʣʘʥ ʛʘʟʨʳʥ 

ʟʫʨʘʛʪ ʜװʨʩʣʵʥ ʩʫʜʘʣʛʘʘ ʭʠʡʚ (ɿʫʨʘʛ 23). ɼװʥʛʵʵʩ ʭʘʨʘʭʘʜ ʭᴇʨʩʥʠʡ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʣʳʥ 

ᴇʥʜᴇʨ ʮʵʛװװʜ ʥʴ ʥװʭʵʥ ʞʦʨʣʦʥʛʠʡʥ ʦʡʨʦʣʮʦʦ ʙʘʡʛʘʘ ʙʦʣʦʚʯ ʰʫʫʜ ʜʘʚʭʮʘʣ 

ʘʞʠʛʣʘʛʜʘʭʛװʡ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʭᴇʨʩʥʠʡ ʥʷʥʛʠʡʥ ʪʘʨʭʘʣʪ ʥʴ ʟᴇʚʭᴇʥ ʵʭ װװʩʚʵʨʵʵʩ 

ʭʘʤʘʘʨʘʣʪʘʡ ʙʠʰ, ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ ʥᴇʣᴇᴇʣᴇʣ, ʭʫʨ ʪʫʥʘʜʘʩ, ʩʘʣʭʠʘʨ ʪʵʵʚʵʨʣʵʛʜʵʞ ᴇᴇʨ 

ʛʘʟʘʨʪ ʭʫʨʠʤʪʣʘʛʜʘʭ װʟʵʛʜʵʣʪʵʡ ʭʦʣʙʦʦʪʦʡ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʗʣʘʥʛʫʷʘ ᴇʥʛᴇʥ 

ʭᴇʨʩʥʠʡ ʜʵʵʞʠʥʜ ʭʠʡʩʵʥ ʩʫʜʘʣʛʘʘ ʥʴ ʪʫʭʘʡʥ ʜʵʵʞ ʘʚʘʭ װʝʠʡʥ ʥᴇʭʮᴇʣ ʙʘʡʜʘʣ, ʙʦʨʦʦ, 

ʩʘʣʭʠ ʟʵʨʵʛ ʮʘʛ ʫʫʨʳʥ ʭװʯʠʥ ʟװʡʣʩʵʵʩ ʠʭʵʵʭʵʥ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʜʘʛ. ʀʡʤʜ ʭᴇʨʩʥʠʡ 

ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪʘʨʭʘʣʪʳʛ װʥʵʣʵʭ, ʵʨʩʜʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ ʠʣװװ 

ʥʘʨʠʡʚʯʠʣʩʘʥ, ʦʣʦʥ ʫʜʘʘʛʠʡʥ ʜʵʵʞ ʘʚʘʭ ʩʫʜʘʣʛʘʘ ʭʠʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʥʘ. ʕʥʵ ʥʴ 
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ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨ, ʪʘʨʭʘʣʪʳʥ ʤʝʭʘʥʠʟʤ, ʫʣʠʨʣʳʥ ᴇᴇʨʯʣᴇʣʪ ʟʵʨʵʛʪ ʪʫʣʛʫʫʨʣʘʩʘʥ װʨ 

ʜװʥʪʵʡ ʘʨʛʘ ʭʵʤʞʵʵ ʙʦʣʦʚʩʨʫʫʣʘʭʘʜ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʶʤ. 

 

ɿʫʨʘʛ  23. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʣʳʥ ʘʯʘʘʣʣʳʥ ʠʥʜʝʢʩ ʙʘ ʥϾʭʵʥ 

ʞʦʨʣʦʥʛʠʡʥ ʭʘʤʘʘʨʘʣ  
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ɻʋʈɸɺɼʋɻɸɸʈ ɹתʃʕɻ: ʋʃɸɸʅɹɸɸʊɸʈ ʍʆʊʓʅ ʍᴆʈʉᴆʅ ɼʕʍ ʍתʅɼ 

ʄɽʊɸʃʃʓʅ ɹʆʍʀʈɼʃʆʆʉ ʕʈתתʃ ʄʕʅɼʕɼ תɿתתʃʕʍ ʕʈʉɼʃʀʁʅ תʅʕʃɻʕʕ 

ʕʥʵʭװ װװʥʵʣʛʵʵ ʥʴ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ 9 ʜװװʨʛʠʡʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ 507 ʮʵʛʵʵʩ ʘʚʩʘʥ 

ʭᴇʨʩʥʠʡ ʜʵʵʞʠʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ʙʦʣʦʥ ʵʜʛʵʵʨʵʵʩ 

 ʥʜװʣʞ ʙʦʣʦʭ ʵʨʩʜʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʟʦʨʠʣʛʦʪʦʡ. ʍװװʟװ ʣ ʤʵʥʜʵʜװװʥʠʡ ʵʨװʜʩʵʥ ʭװװ

ʤʝʪʘʣʣʘʘʩ ʵʨװװʣ ʤʵʥʜʵʜ װʟװװʣʵʭ ʵʨʩʜʣʠʡʛ ɹʘʡʛʘʣʴ ʦʨʯʠʥ, ʥʦʛʦʦʥ ʭᴇʛʞʣʠʡʥ ʩʘʡʜ, ʵʨװװʣ 

ʤʵʥʜʠʡʥ ʩʘʡʜ, ʦʥʮʛʦʡ ʙʘʡʜʣʳʥ ʛʘʟʨʳʥ ʜʘʨʛʳʥ ʭʘʤʪʘʨʩʘʥ ʪʫʰʘʘʣʘʘʨ ʙʘʪʘʣʩʘʥ ñʍʠʤʠʡʥ 

ʭʦʨʪ ʙʦʣʦʥ ʘʶʫʣʪʘʡ ʙʦʜʠʩʳʥ ʵʨʩʜʣʠʡʥ װʥʵʣʛʵʵ ʭʠʡʭ ʞʫʨʘʤò-ʳʛ װʥʵʩʜʵʩʣʵʥ ñʍʠʤʠʡʥ 

ʭʦʨʪ ʙʦʣʦʥ ʘʶʫʣʪʘʡ ʙʦʜʠʩʳʥ ʵʨʩʜʣʠʡʥ װʥʵʣʛʵʵ ʭʠʡʭ ʘʨʛʘʯʣʘʣò-ʳʥ ʜʘʛʫʫ ʭʠʡʩʵʥ 

(ɹʆʅʍʗ, 2012).   

3.1. ʍᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʤʝʪʘʣʣ ʙʘ ᴇʨʪᴇʛʯʠʜ 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ 507 ʭᴇʨʩʥʠʡ ʜʵʵʞʠʥ ʜʵʭ As, Cd, Cr, Cu, Mo, Ni, Pb, Sr, U ʙʦʣʦʥ 

Zn ʘʛʫʫʣʛʘʜ װʥʜʵʩʣʵʥ ʭʘʚʜʨʳʥ ʙʫʩ ᴇʚʯʣᴇʣʠʡʥ ʵʨʩʜʵʣ (HQ), As, Cd, Cr, ʙʦʣʦʥ Pb ʘʛʫʫʣʛʘʜ 

   .ʥ (Ó20 ʥʘʩ) ʪʦʦʮʦʦʣʩʦʥװʨʩʵʥ ʭװʭʵʜ (¢19 ʥʘʩ), ʥʘʩʘʥʜ ʭװװʥʜʵʩʣʵʥ ʭʘʚʜʨʳʥ ʵʨʩʜʣʠʡʛ ʭװ

ʍϾʩʥʵʛʪ 8. ʍϾʥʠʡ ʵʨϾϾʣ ʤʵʥʜʵʜ ϾʟϾϾʣʵʭ ʵʨʩʜʵʣ ʪʦʜʦʨʭʦʡʣʦʭ Ͼʝ ʰʘʪʳʥ ʭʫʨʘʘʥʛʫʡ 

 ʕʨʩʜʵʣ ʪʦʜʦʨʭʦʡʣʦʭ װʝ 

ʰʘʪ  

ʅᴇʭʮᴇʣ ʙʘʡʜʘʣ 

1 ɸʩʫʫʜʘʣ ʪʦʜʦʨʭʦʡʣʦʭ ɹʦʭʠʨʜʣʳʥ ʵʭ ϾϾʩʚʵʨ: ɻʘʟʘʨ ʘʰʠʛʣʘʣʪʳʥ ʭʵʣʙʵʨʵʵʩ 

ʰʘʣʪʛʘʘʣʘʥ ʭᴇʨʩᴇʥ ʜʵʭ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʛʘ 

ʥʵʤʵʛʜʩʵʥ 

ЉʨʪЊʛʯʠʜ: ʊʫʭʘʡʥ  ʛʘʟʘʨ ʥʫʪʘʛʪ ʦʨʰʠʥ ʘʤʴʜʘʨʯ ʙʫʡ 

ʭװװʭʵʜ, ʥʘʩʘʥʜ ʭװʨʵʛʯ ʙʦʣʦʥ ʘʞʠʣʣʘʛʩʘʜ ʙʘʡʥʘ.  

ʊʘʨʭʘʣʪ: ʍᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭװʥʜ ʤʝʪʘʣʣ ʥʴ 

ʘʤʴʩʛʘʣ, ʭװʨʪʵʭװʡʥ ʟʘʤʘʘʨ ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜʵʜ 

ʥᴇʣᴇᴇʣʞ ʙʦʣʟʦʰʛװʡ  

2 ᴆʨʪᴇʣʪʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ЉʨʪЊʛʯʠʜ: ʭװװʭʵʜ (¢19 ʥʘʩ), ʥʘʩʘʥʜ ʭװʨʩʵʥ ʭװʥ, (Ó20 

ʥʘʩ)  

ɹʦʭʠʨʜʫʫʣʘʛʯ ʙʦʜʠʩ: As, Cd, Cr, Cu, Mo, Ni, Pb, Sr, U 

ʙʦʣʦʥ Zn 

3 ʍʦʨʫʫ ʯʘʥʘʨʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ 

ʍʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʵʣ:  

Ὄὗ
ὃὈὈ

ὙὪὈ
 

ʕʥʜ, Ὄὗ  ʭʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʣʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ 

ὃὈὈ ʭʦʥʦʛʠʡʥ ʜʫʥʜʘʞ ʪʫʥ, ʤʛ/ʢʛ-ʭʦʥʦʛ 

ὙὪὈ- ʭʦʥʦʛʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʪʫʥ, ʤʛ/ʢʛ-ʭʦʥʦʛ (ʪʦʛʪʤʦʣ 

ʪʦʦʥʫʫʜ) 

!$$
ὅ ὍὙὉὊ ὉὈ

ὄὡ ὃὝ
 

 

!$$
ὅ Ὓὃ ὃὊ ὃὄὛὉὊ ὉὈ

ὄὡ ὃὝ
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ʍʦʨʪ ʭʘʚʜʨʳʥ ʵʨʩʜʵʣ (ILCR): 

ὍὒὅὙὃὈὈὛὊ 

ʕʥʜ,  ὍὒὅὙ- ʥʘʩʘʥ ʪʫʨʰʠʜ ʭʦʨʪ ʭʘʚʜʨʳʥ ʵʨʩʜʵʣ  

ὃὈὈ- ʭʦʥʦʛʠʡʥ ʜʫʥʜʘʞ ʪʫʥ, ʤʛ/ʢʛ-ʭʦʥʦʛ 

ὛὊ- ʭʦʨʪ ʭʘʚʜʨʳʥ ʥʘʣʫʫʛʠʡʥ ʬʘʢʪʦʨ, ʪʫʭʘʡʥ ʙʦʜʠʩʳʥ 

ʭʦʨʪ ʭʘʚʜʨʳʥ ʵʨʩʜʣʠʡʛ ʠʣʵʨʭʠʡʣʩʵʥ ʪʦʛʪʤʦʣ 

  

4 ʕʨʩʜʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ  ʍʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʵʣ:  

(1 ρ ʭʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʵʣʠʡʥ ʙʦʣʦʤʞ ʙʘʛʘ, 

ʘʶʫʣʛװʡ  

(1 ρ ɻ ʨʩʜʵʣ װװʩʵʭ ʤʘʛʘʜʣʘʣ ᴇʥʜᴇʨ ʪʫʣ ʘʥʭʘʘʨʘʭ 

ʰʘʘʨʜʣʘʛʘʪʘʡ.  

 

ʍʦʨʪ ʭʘʚʜʨʳʥ ɻ ʨʩʜʵʣ:  

ὍὒὅὙρ ρπ  ɻ ʨʩʜʵʣ ʤʘʰ ʙʘʛʘ, ʪʦʦʮʦʦʣʦʭ 

ʰʘʘʨʜʣʘʛʘʛװʡ  

ρ ρπ  ὍὒὅὙρ ρπ  ʭװʣʵʵʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ 

ʵʨʩʜʣʠʡʥ ʭװʨʵʵ  

ὍὒὅὙρ ρπ  ᴇʥʜᴇʨ ʵʨʩʜʵʣʪʵʡ ʪʫʣ ʷʘʨʘʣʪʘʡ ʘʨʛʘ 

ʭʵʤʞʵʵ ʘʚʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ  

 

 

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʦʜ ʥʠʡʪ 1,677,872 ʭװʥ ʦʨʰʠʥ ʩʫʫʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ 39.5% ʙʫʶʫ 

663,416 ʥʴ 0-19 ʥʘʩʥʳ ʭװװʭʵʜ, װʣʜʩʵʥ ʥʴ ʥʘʩʘʥʜ ʭװʨʩʵʥ ʪʦʤ ʭװʥ ʙʘʡʥʘ (ʉʪʘʪʠʩʪʠʢʠʡʥ 

ʤʵʜʵʵʣʣʠʡʥ ʥʵʛʜʩʵʥ ʩʘʥ, 2025). ʅʘʣʘʡʭ, ʍʘʥ-ʫʫʣ ʜװװʨʛװװʜʵʜ ʭװװʭʜװװʜʠʡʥ ʵʟʣʵʭ ʭʫʚʴ 

ʙʫʩʘʜ ʜװװʨʛװװʜʪʵʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ᴇʥʜᴇʨ ʙʘʡʥʘ.  

 

ɿʫʨʘʛ  24. ɼϾʨʛϾϾʜʠʡʥ ʪʦʥ ʭϾʥ, ʭϾϾʭʜʠʡʥ ʵʟʣʵʭ ʭʫʚʴ 

0% 20% 40% 60% 80% 100%

ʋʣʘʘʥʙʘʘʪʘʨ 

ɹʘʛʘʥʫʫʨ

ɹʘʛʘʭʘʥʛʘʡ

ɹʘʷʥʛʦʣ

ɹʘʷʥʟװʨʭ

ʅʘʣʘʡʭ

ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ

ʉװʭʙʘʘʪʘʨ

ʍʘʥ-ʋʫʣ

ʏʠʥʛʵʣʪʵʡ

ʊʦʤ ʭװʥ, Ó20 ʥʘʩʍװװʭʵʜ Ò19 ʥʘʩ
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ʍᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭװʥʜ ʤʝʪʘʣʣʘʘʨ ʭװװʭʵʜ ʘʤ ʙʦʣʦʥ ʭװʨʪʵʭװʡʥ ʟʘʤʘʘʨ ᴇʨʪᴇʭ ʤʘʛʘʜʣʘʣ 

ᴇʥʜᴇʨ ʙʘʡʭʘʜ ʥʘʩʘʥʜ ʭװʨʩʵʥ ʭװʥ ʘʤʘʘʨ ʘʚʘʭ ʤʘʛʘʜʣʘʣ ᴇʥʜᴇʨ ʛʵʞ װʟʵʥ ʭʦʨʫʫ ʯʘʥʘʨʳʛ 

ʪʦʦʮʦʦʣʩʦʥ.   

3.2. ʍʦʨʫʫ ʯʘʥʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭ  

ʍᴇʨʩᴇʥ ʘʛʫʫʣʘʛʜʘʭ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʛʘʜ װʥʜʵʩʣʵʥ ʭʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʵʣ 

(HQ) ʙʦʣʦʥ ʭʦʨʪ ʭʘʚʜʨʳʥ ʵʨʩʜʣʠʡʛ (ILCR)-ʛ ʪʦʦʮʦʦʣʦʭʜʦʦ ʘʰʠʛʣʘʩʘʥ ʭʦʥʦʛʠʡʥ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʪʫʥ (RfD) ʙʦʣʦʥ ʭʦʨʪ ʭʘʚʜʨʳʥ ʥʘʣʫʫʛʠʡʥ ʬʘʢʪʦʨ (SF)-ʛ ɸʅʋ-ʳʥ ʍװʨʵʵʣʵʥ 

ʙʫʡ ʦʨʯʥʳʛ ʭʘʤʛʘʘʣʘʭ ʛʘʟʨʳʥ ʕʨʩʜʣʠʡʥ ʥʵʛʜʩʵʥ ʩʠʩʪʝʤʵʵʩ ʘʚʯ ʘʰʠʛʣʘʩʘʥ 

(Environmental protection agency, 2025).  

ʍϾʩʥʵʛʪ 9. ʍʦʨʫʫ ʯʘʥʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʘʰʠʛʣʘʩʘʥ ʪʦʛʪʤʦʣʫʫʜ,  

 ʕʣʝʤʝʥʪ RfD (ʤʛ/ʢʛ-ʭʦʥʦʛ) SF (ʤʛ/ʢʛ-ʭʦʥʦʛ) 

1 As 0.00006 1.5 

2 Cd 0.0005 0.501 

3 Cr 1.5 0.27 

4 Cu 0.04  

5 Mo 0.005  

6 Ni 0.02  

7 Pb 0.0035 0.0085 

8 Sr 0.6  

9 Zn 0.3  

ʕʭ ʩʫʨʚʘʣʞ: (Environmental protection agency, 2025) 

ʍʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʣʠʡʛ ʪʦʦʮʦʦʣʦʭʦʜ ʭװװʭʵʜ ʞʠʣʜ ʜʦʨ ʭʘʷʞ 30 ʭʦʥʦʛ ʭᴇʨʩʪʵʡ 

ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʮʵʥʵ, ʵʥʵ ʥʴ ʥʘʩʘʥʜ ʭװʨʪʣʵʵ 5 ʞʠʣʠʡʥ ʪʫʨʰ ᴇʨʪᴇʭ ʤʘʛʘʜʣʘʣʪʘʡ, 

ʤʦʥʛʦʣ ʭװʥʠʡ ʜʫʥʜʘʞ ʥʘʩʣʘʣʪ 72.45 ʥʘʩ ʛʵʞ ʘʚʯ װʟʵʞ ʪʦʦʮʦʦʣʣʳʛ ʭʠʡʩʵʥ.  

3.3. ʕʨʩʜʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ  

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ 9 ʜװװʨʛʠʡʥ ʭᴇʨʩʥʠʡ 507 ʜʵʵʞʠʥ ʜʵʭ ʟʘʨʠʤ  ʭװʥʜ ʤʝʪʘʣʣʳʥ 

ʘʛʫʫʣʛʘʜ װʥʜʵʩʣʵʥ ʭʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʙʦʣʦʥ ʭʘʚʜʨʳʥ ʵʨʩʜʣʠʡʛ ʪʦʦʮʦʦʣʦʥ ʜʘʨʘʘʭ װʨ ʜװʥʛ 

ʛʘʨʛʘʩʘʥ.   

ʍʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʵʣ: ʍװװʭʵʜ ʙʦʣʦʥ ʥʘʩʘʥʜ ʭװʨʵʛʯʜʠʡʥ ʭʫʚʴʜ ʭᴇʨʩᴇʥʜ 

ʘʛʫʫʣʘʛʜʘʭ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʛʘʘʩ װװʜʵʣʪʵʡ ʭʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʵʣʠʡʛ װʥʵʣʵʭʵʜ 

ʭװװʭʜװװʜ ʠʣװװ ᴇʥʜᴇʨ ʵʨʩʜʵʣʪʵʡ ʙʦʣʦʭ ʥʴ ʪʦʛʪʦʦʛʜʩʦʥ. ʉʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʜ ʙװʭ ʮʵʛʪ 

ʭװװʭʜʵʜ װʟװװʣʵʭ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʣʠʡʥ HQ ʫʪʛʘ 1-ʵʵʩ ᴇʥʜᴇʨ (3.28ï334) ʛʘʨʩʘʥ ʥʴ ʤʘʰ 

ʠʭ ʵʨʩʜʵʣʪʵʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʗʣʘʥʛʫʷʘ 12 ʥʘʩʥʘʘʩ ʜʦʦʰ ʭװװʭʜװװʜ ʭᴇʨʩʠʡʛ ʘʤʘʘʨ 

ʜʘʤʞʫʫʣʘʥ, ʘʨʴʩʘʘʨʘʘ ʰʠʥʛʵʵʭ ʟʘʤʘʘʨ ʙʦʭʠʨʜʦʣʪʦʡ ʠʣװװ ʦʡʨʭʦʥ ʭʘʨʴʮʜʘʛ ʪʫʣ ʭʦʨʪ 
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ʭʘʚʜʨʳʥ ʙʫʩ ᴇʚʯʣᴇʣ װװʩʛʵʭ ʤʘʛʘʜʣʘʣ ᴇʥʜᴇʨ ʙʘʡʥʘ. ʕʩʨʵʛʵʵʨ, ʥʘʩʘʥʜ ʭװʨʵʛʯʠʜ 

ʭװװʭʜװװʜʪʵʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʛʘʜʥʘ ʦʨʯʠʥʜ ʠʣװװ ʠʭ ʭᴇʜᴇʣʛᴇᴇʥ ʭʠʡʜʵʛ ʭʵʜʠʡ ʯ ʭᴇʨʩʠʡʛ ʰʫʫʜ 

ʘʤʘʘʨ ʘʚʘʭ, ʘʨʴʩʘʘʨ ʰʠʥʛʵʵʭ ʙʦʣʦʤʞ ʭʘʨʴʮʘʥʛʫʡ ʙʘʛʘ ʪʫʣ HQ ʫʪʛʘ <1 (0.0058ï0.58) 

ʙʘʡʛʘʘ ʥʴ ʭʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʵʣ ʭʘʨʴʮʘʥʛʫʡ ʙʘʛʘ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ (ɿʫʨʘʛ 22).  

 

ɿʫʨʘʛ  25. ʍЊʨʩʥʠʡ ʮʵʛϾϾʜ ʦʨʯʠʤ ʜʘʭʴ ʥʘʩʘʥʜ ʭϾʨʵʛʯʜʠʡʥ ʭʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʣʠʡʥ 

ʪʘʨʭʘʣʪ 

ɾʠʯ: ʕʥʜ HQ >0.5 ʘʛʫʫʣʛʳʛ ЊʥʜЊʨ ʛʵʞ Ͼʟʵʥ ʫʣʘʘʥʘʘʨ ʪʵʤʜʵʛʣʵʩʵʥ.  

ɼʵʵʨʭ ʟʫʨʘʛʣʘʣʘʘʩ ʭʘʨʘʭʘʜ ʥʘʩʘʥ ʭװʨʵʛʯʜʠʡʥ ʭʫʚʴʜ ʭʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʵʣ ʥʴ 

ɹʘʷʥʟװʨʭ ʜװװʨʛʠʡʥ 11, 31-ʨ ʭʦʨʦʦ, ʍʘʥ-ʋʫʣ ʜװװʨʛʠʡʥ 13-ʨ ʭʦʨʦʦ, ʏɼ-ʠʡʥ 7-ʨ ʭʦʨʦʦ 

ʦʨʯʤʳʥ ʭᴇʨʩᴇʥʜ HQ ~0.5 ʦʨʯʠʤ ʛʘʨʩʘʥ ʥʴ ʭʘʨʴʮʘʥʛʫʡ ʵʨʩʜʵʣ ʠʭʪʵʡ ʙװʩ ʙʦʣʦʭʳʛ ʠʣʪʛʵʞ 

ʙʘʡʥʘ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʪʫʭʘʡʥ ʙװʩ ʥʫʪʛʠʡʥ ʠʨʛʵʜ  ʙʦʛʠʥʦ ʙʦʣʦʥ ʜʫʥʜ ʭʫʛʘʮʘʘʥʜ ʭᴇʨʩʥʠʡ 

ʙʦʭʠʨʜʣʦʦʩ װװʜʵʣʪʵʡ ʭʘʚʜʨʳʥ ʙʫʩ ᴇʚʯʣᴇʣ ʙʘʛʘ ʭʵʜʠʡ ʯ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ʪʫʨʰʠʜ ᴇʨʪᴇʭ ʥʴ 

ʵʨʩʜʣʠʡʛ ʥʵʤʵʛʜװװʣʥʵ.  

ʍʦʨʪ ʭʘʚʜʨʳʥ ʵʨʩʜʵʣ: ʍװװʭʜʠʡʥ ʭʫʚʴʜ ʭᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭװʥʜ ʤʝʪʘʣʣʫʫʜʘʘʩ 

 ʭ ʮʵʛʪ 1×10ϖ-ʵʵʩ ʠʭ ʛʘʨʩʘʥװʜʵʣʪʵʡ ʭʦʨʪ ʭʘʚʜʨʳʥ ʵʨʩʜʵʣʠʡʛ ʠʣʵʨʭʠʡʣʵʭ ILCR ʫʪʛʘ ʥʴ ʙװװ

ʥʴ ʭװװʭʜʠʡʥ ʵʨװװʣ ʤʵʥʜʵʜ ʰʫʫʜ ʘʶʫʣ ʫʯʨʫʫʣʞ ʙʦʣʟʦʰʛװʡʛ ʭʘʨʫʫʣʞ, ʷʘʨʘʣʪʘʡ ʘʨʛʘ 

ʭʵʤʞʵʵ ʘʚʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡʛ ʠʣʪʛʵʞ ʙʘʡʥʘ. ʍʘʨʠʥ ʥʘʩʘʥʜ ʭװʨʵʛʯʜʠʡʥ ʭʫʚʴʜ ʜʠʡʣʵʥʭʠ 
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ʜʵʵʞʥʠʡ ILCR ʫʪʛʘ 1Ĭ10ϖ Ò ILCR Ò 1Ĭ10ϖ-ʠʡʥ ʭʦʦʨʦʥʜ ʙʘʡʩʘʥ ʥʴ ʭװʣʵʵʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ 

ʵʨʩʜʣʠʡʥ ʭװʨʵʵʥʜ ʦʨʞ ʙʘʡʥʘ. ʍʵʜʠʡʛʵʵʨ ʥʘʩʘʥʜ ʭװʨʵʛʯʜʠʡʥ ʭʫʚʴʜ ʫʨʪ ʭʫʛʘʮʘʘʥʳ ʪʫʨʰʠʜ 

ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʦʦʩ װװʜʵʣʪʵʡ ʭʦʨʪ ʭʘʚʜʨʳʥ ʵʨʩʜʵʣ ʭʘʨʴʮʘʥʛʫʡ ʙʘʛʘ ʙʘʡʛʘʘ ʯ 

ʩʫʫʨʴʰʣʳʥ ʙװʩʠʡʥ ʟʘʨʠʤ ʮʵʛʪ ʫʛ ʵʨʩʜʵʣ ʥʵʤʵʛʜʵʭ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ (ɿʫʨʘʛ 23).  

 

ɿʫʨʘʛ  26. ʍЊʨʩʥʠʡ ʮʵʛϾϾʜ ILCR -ʠʡʥ ʩʫʫʨʴʰʣʳʥ ʙϾʩ ʜʵʭ ʪʘʨʭʘʣʪ  

ɼʵʵʨʭ ʟʫʨʛʘʘʩ ʭʘʨʘʭʘʜ ʍʘʥ-ʋʫʣ ʜװװʨʛʠʡʥ 20-ʨ ʭʦʨʦʦ, ɹʘʷʥʟװʨʭ ʜװװʨʛʠʡʥ 31, 11-ʨ 

ʭʦʨʦʦʥʳ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʥʜ ʭװʥʮʵʣ (As), ʭʘʨ ʪʫʛʘʣʛʘ (Pb), ʢʘʜʤʠ (Cd), ʭʨʦʤ (Cr) ʟʵʨʵʛ ʭװʥʜ 

ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʘʤʞ ʙʫʩʘʜ ʜװװʨʛװװʜʠʡʥ ʜʫʥʜʘʞʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʠʣװװ ᴇʥʜᴇʨ ʪװʚʰʠʥʜ 

ʠʣʵʨʩʵʥ ʥʴ ʭʘʚʜʨʳʥ ʵʨʩʜʵʣ ʥʵʤʵʛʜʵʭ ʛʦʣ ʭװʯʠʥ ʟװʡʣ ʙʦʣʞ ʙʘʡʥʘ.  

ʍʘʥ-ʋʫʣ ʜװװʨʛʠʡʥ 20-ʨ ʭʦʨʦʦ ʥʴ װʡʣʜʚʵʨʠʡʥ ʙװʩ ʙʦʣʦʥ ʘʚʪʦ ʟʘʤʳʥ ʥʷʛʪʨʘʣ ᴇʥʜᴇʨʪʵʡ, 

ʤᴇʥ ʩʫʫʨʴʰʣʳʥ ʙװʩʠʡʥ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʣʪ ʩʫʣ, ʥװʭʵʥ ʞʦʨʣʦʥ ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʛʜʜʵʛ ʥʴ 

ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʭʫʨʠʤʪʣʘʣʜ ʥᴇʣᴇᴇʣʜᴇʛ. ɹʘʷʥʟװʨʭ ʜװװʨʛʠʡʥ 31, 11-ʨ ʭʦʨʦʦʜ ʥʴ ʛʵʨ 

ʭʦʨʦʦʣʣʳʥ ʙװʩʵʜ ʙʘʡʨʣʘʭ ʙᴇʛᴇᴇʜ ʰʘʪʘʭʫʫʥ ʪװʛʵʵʭ ʩʪʘʥʮ, ʘʚʪʦʤʘʰʠʥʳ ʭᴇʜᴇʣʛᴇᴇʥʠʡ 

ʘʯʘʘʣʘʣ ᴇʥʜᴇʨ, ʘʭʫʡʥ ʙʦʣʦʥ װʡʣʜʚʵʨʣʵʣʠʡʥ ʛʘʨʘʣʪʘʡ ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨ ʦʡʨ ʙʘʡʜʘʛ. 

ʕʥʵ ʥʴ ʪʫʭʘʡʥ ʦʨʯʠʥʜ ʘʤʴʜʘʨʯ ʙʫʡ ʭװʥ ʘʤʳʥ ʭʘʚʜʨʳʥ ʵʨʩʜʵʣʠʡʛ ʙʫʩʘʜ ʜʵʵʞ ʘʚʩʘʥ 

ʮʵʛװװʜʪʵʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ᴇʥʜᴇʨ ʙʦʣʛʦʞ ʙʘʡʥʘ.  
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ɼתʈʕɺɼתɻʕʕʈ ɹתʃʕɻ: ʋʃɸɸʅɹɸɸʊɸʈ ʍʆʊʓʅ ʍᴆʈʉʅʀʁ ɹʆʍʀʈɼʆʃ ɹɸ 

ʍתʅ ɸʄʓʅ ʕʈתתʃ ʄʕʅɼʀʁʅ ʅᴆʃᴆᴆ  

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʥʷʥʛʠʡʥ ʙʦʣʦʥ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ ʭʘʤʛʠʡʥ 

ᴇʥʜᴇʨ ʙʫʶʫ ʵʛʟʵʛʪʵʡ ʤᴇʥ ʵʨʩʜʵʣ ʠʭʪʵʡ ʛʘʟʘʨʪ ʘʤʴʜʘʨʯ ʙʫʡ ʭװʥ ʘʤʳʥ ʵʨװװʣ ʤʵʥʜʵʜ 

 ʣʵʭ ʥᴇʣᴇᴇʣʣʠʡʛ ʥʵʛʜʩʵʥ ʙʘʡʜʣʘʘʨ ʭʦʣʙʦʞ ʪʘʡʣʙʘʨʣʘʭ ʟʦʨʠʣʛʦʦʨ ʥʵʤʵʣʪװװʟװ

ʥʘʨʠʡʚʯʠʣʩʘʥ ʘʥʘʣʠʟʳʛ ʭʠʡʩʵʥ.   

4.1. ʍᴇʨʩʥʠʡ ʙʠʯʠʣ ʘʤʴ ʩʫʜʣʘʣʳʥ װʟװװʣʵʣʪ, ʪװװʥʠʡ ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜʵʜ װʟװװʣʞ 

ʙʫʡ ʥᴇʣᴇᴇ 

ʄʦʥʛʦʣ ʫʣʩʳʥ ʩʪʘʥʜʘʨʪ MNS 3297:2019 ɹʘʡʛʘʣʴ ʭʘʤʛʘʘʣʘʣ. ʍᴇʨʩ. ʍʦʪ, ʩʫʫʨʠʥ 

ʛʘʟʨʳʥ ʭᴇʨʩʥʠʡ ʵʨװװʣ ʘʭʫʡʥ ʘʶʫʣʛװʡʥ װʟװװʣʵʣʪ, ʙʦʭʠʨʜʣʳʛ װʥʵʣʵʭ ʩʪʘʥʜʘʨʪʳʥ 6.5 

ʟʘʘʣʪʳʥ ʭװʩʥʵʛʪ 3-ʠʡʥ ʜʘʛʫʫ ʛʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʘʨ, ʘʛʘʘʨʛװʡʪʵʥ ʥʷʥ ʠʣʵʨʩʵʥ ʙʘʡʜʣʘʘʨ ʥʴ 

ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥʛ ʘʥʛʠʣʘʭʘʜ ʥʠʡʪ ʜʵʵʞʠʡʥ 81-96 ʭʫʚʴ ʥʴ ʮʵʚʵʨ ʛʘʨʩʘʥ.  

ʍװʩʥʵʛʪ 10. ʍᴇʨʩʥʠʡ ʙʠʯʠʣ ʘʤʴ ʩʫʜʣʘʣʳʥ װʟװװʣʵʣʪ, ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʥʠʡʪ 505 ʜʵʵʞ 

ʐʠʥʞʠʣʛʵʵʥʠʡ 

ʭʘʨʠʫ 

ɹʦʭʠʨʜʣʳʥ 

ʪװʚʰʠʥ 

ɻʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʨʳʥ 

ʪʠʪʨ (E.Coli) 

ɸʥʘʵʨʦʙʳʥ 

(CI.perfringens) 

ɼʵʵʞʠʡʥ 

ʪʦʦ 

ʕʟʣʵʭ 

ʭʫʚʴ 

ɼʵʵʞʠʡʥ 

ʪʦʦ 

ʕʟʣʵʭ 

ʭʫʚʴ 

Ó0.1 ʎʵʚʵʨ 409 81* 485 96* 

Ó0.01 ɹʘʛʘ ʙʦʭʠʨʜʦʣʪʦʡ 91 18 20 4 

Ó0.001 ɼʫʥʜ ʙʦʭʠʨʜʦʣʪʦʡ 3 0.6  -  - 

Ó0.0001 ʀʭ ʙʦʭʠʨʜʦʣʪʦʡ 2 0.4  -  - 

ʅʠʡʪ ʜʵʵʞ 505 100 505 100 

 

ɻʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʨʳʥ ʪʠʪʨ 91 ʜʵʵʞ ʙʫʶʫ ʥʠʡʪ ʜʵʵʞʠʡʥ 18 ʭʫʚʴʜ ʥʴ ʙʘʛʘ ʙʦʭʠʨʜʦʣʪʦʡ, 

ʭʘʨʠʥ 3 ʜʵʵʞʠʜ ʜʫʥʜ, 2 ʜʵʵʞʠʜ ʠʭ ʙʦʭʠʨʜʦʣʪʦʡ ʠʣʵʨʩʵʥ. ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ ʜװװʨʛʠʡʥ 

ʭᴇʨʩᴇʥʜ ʛʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʨʳʥ ʙʦʭʠʨʜʦʣ ʠʣװװʪʵʡ ʘʞʠʛʣʘʛʜʩʘʥ.  
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ʍװʩʥʵʛʪ 11. ʍᴇʨʩᴇʥʜ ʛʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʨʳʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʜװװʨʛʵʵʨ 

ˉ ɼװװʨʵʛ 

ɻʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʨʳʥ ʪʠʪʨ (E.Coli) 

ʅʠʡʪ 
ʎʵʚʵʨ 

ɹʘʛʘ 

ʙʦʭʠʨʜʦʣʪʦʡ 

ɼʫʥʜ 

ʙʦʭʠʨʜʦʣʪʦʡ 

ʀʭ 

ʙʦʭʠʨʜʦʣʪʦʡ 

N % N % N % N % N % 

1 ɹʘʛʘʭʘʥʛʘʡ 11 100 0   0   0   11 2.2 

2 ɹʘʛʘʥʫʫʨ 19 76 6 24 0   0   25 5 

3 ɹʘʷʥʛʦʣ 22 75.9 6 20.7 1 3.4 0   29 5.7 

4 ɹʘʷʥʟװʨʭ 124 84.9 22 15.1 0   0   146 28.9 

5 ʏʠʥʛʵʣʪʵʡ 25 75.8 8 24.2 0   0   33 6.5 

6 ʍʘʥ-ʋʫʣ 61 87.1 9 12.9 0   0   70 13.9 

7 ʅʘʣʘʡʭ 29 93.5 2 6.5 0   0   31 6.1 

8 ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ 80 74.1 24 22.2 2 1.9 2 1.9 108 21.4 

9 ʉװʭʙʘʘʪʘʨ 38 73.1 14 26.9 0   0   52 10.3 

ʅʠʡʪ 409 81 91 18 3 0.6 2 0.4 505 100 

 

ɸʛʘʘʨʛװʡʪʵʥ ʥʷʥ 20 ʜʵʵʞʠʜ ʙʫʶʫ ʥʠʡʪ ʜʵʵʞʠʡʥ 4 ʭʫʚʴʜ ʥʴ ʙʘʛʘ ʙʦʭʠʨʜʦʣʪʦʡ ʠʣʵʨʩʵʥ ʙʘ 

ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ, ɹʘʷʥʛʦʣ, ɹʘʷʥʟװʨʭ, ʍʘʥ-ʋʫʣ ʜװװʨʛʠʡʥ ʛʘʟʘʨ ʥʫʪʘʛʪ ʭʘʤʘʘʨʘʭ ʭᴇʨʩʥʠʡ 

ʜʵʵʞʵʵʩ ʘʛʘʘʨʛװʡʪʵʥ ʥʷʥ ʠʣʵʨʩʵʥ.  

ʍװʩʥʵʛʪ 12. ʍᴇʨʩᴇʥʜ ʘʛʘʘʨʛװʡʪʵʥ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʣʳʥ ʪװʚʰʠʥ, ʜװװʨʛʵʵʨ 

ˉ ɼװװʨʵʛ 

ɸʥʘʵʨʦʙʳʥ (CI.perfringens) 
ʅʠʡʪ 

ʎʵʚʵʨ ɹʘʛʘ ʙʦʭʠʨʜʦʣʪʦʡ 

N % N % N % 

1 ɹʘʛʘʭʘʥʛʘʡ 11 100 0   11 2.2 

2 ɹʘʛʘʥʫʫʨ 25 100 0   25 5.0 

3 ɹʘʷʥʛʦʣ 25 86 4 13.8 29 5.7 

4 ɹʘʷʥʟװʨʭ 142 97 4 2.7 146 28.9 

5 ʏʠʥʛʵʣʪʵʡ 32 97 1 3.0 33 6.5 

6 ʍʘʥ-ʋʫʣ 66 94 4 5.7 70 13.9 

7 ʅʘʣʘʡʭ 30 97 1 3.2 31 6.1 

8 ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ 102 94 6 5.6 108 21.4 

9 ʉװʭʙʘʘʪʘʨ 52 100 0 0.0 52 10.3 

ʅʠʡʪ 485 96.0 20 4 505 100.0 

 

ɹʘʛʘʭʘʥʛʘʡ, ɹʘʛʘʥʫʫʨ, ʉװʭʙʘʘʪʘʨ ʜװװʨʛʠʡʥ ʛʘʟʘʨ ʥʫʪʛʘʘʩ ʘʚʩʘʥ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʜ 

ʘʛʘʘʨʛװʡʪʵʥ ʥʷʥ ʠʣʨʵʵʛװʡ ʙʫʶʫ ʮʵʚʵʨ ʙʘʡʚ.  
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ʍװʩʥʵʛʪ 13. ʍᴇʨʩʥʠʡ ʥʠʡʪ ʥʷʥʛʠʡʥ ʜʫʥʜʘʞ, ʜװװʨʛʵʵʨ 

ˉ ɼװװʨʵʛ  ɼʵʵʞ ɸʨʠʬʤʝʪʠʢ ʜʫʥʜʘʞ 106  

1 ɹʘʛʘʥʫʫʨ 11       12,463,636.36  12.46 ʭ 106 

2 ɹʘʛʘʭʘʥʛʘʡ 25        1,594,800.00  11.59 ʭ 106 

3 ɹʘʷʥʟװʨʭ 146         9,423,424.66  9.42 ʭ 106 

4 ʅʘʣʘʡʭ 31         8,733,225.81  8.73 ʭ 106 

5 ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ 108         7,700,092.59  7.70 ʭ 106 

6 ʉװʭʙʘʘʪʘʨ 52         7,554,038.46  7.55 ʭ 106 

7 ʏʠʥʛʵʣʪʵʡ 33         7,504,848.49  7.50 ʭ 106 

8 ɹʘʷʥʛʦʣ 29         7,338,862.07  7.34 ʭ 106 

9 ʍʘʥ-ʋʫʣ 70         3,953,142.86  3.95 ʭ 106 

10 ʅʠʡʪ 505         7,990,217.82  7.99 ʭ 106 

 

ɼʵʣʭʠʡʥ ʵʨװװʣ ʤʵʥʜʠʡʥ ʙʘʡʛʫʫʣʣʘʛʘʘʩ ʛʘʨʛʘʩʘʥ ʍʘʣʜʚʘʨʪ ᴇʚʯʥʠʡ ʭʷʥʘʣʪʳʥ ʛʘʨʳʥ 

ʘʚʣʘʛʘʜ ʙʦʭʠʨʣʦʛʜʩʦʥ ʭᴇʨʩ ʙʦʣʦʥ ʜʘʤ ʘʛʘʘʨʪ ʪʘʨʭʘʞ ᴇʚʯʠʥ װװʩʛʵʭ ʭʘʣʜʚʘʨʫʫʜʳʛ 

ʪʘʨʭʘʘʜʘʛ13.  

ʍᴇʨʩᴇᴇʨ ʜʘʤʞʠʭ ʛʝʣʴʤʠʥʪʠʡʥ ʭʘʣʜʚʘʨ (Soil-transmitted helminth infections) ʥʴ ʪᴇʨᴇʣ 

ʙװʨʠʡʥ ʰʠʤʵʛʯ ʭʦʨʭʦʡʥʦʦʩ װװʩʜʵʛ ʙʘ ʭװʥ, ʤʘʣ, ʘʤʴʪʥʳ ʙʦʭʠʨ ᴇʪʛᴇʥ, ʷʣʛʘʜʩʘʥʜ 

ʘʛʫʫʣʘʛʜʘʭ ᴇʥʜʛᴇᴇʨ ʜʘʤʞʠʥ ʭʘʣʜʚʘʨʣʘʜʘʛ. ʕʥʵ ʥʴ ʵʨװװʣ ʘʭʫʡʥ ʰʘʘʨʜʣʘʛʘ ʭʘʥʛʘʘʛװʡ 

ʙʦʭʠʨ ʭᴇʨʩʪʵʡ ʙװʩ ʥʫʪʘʛʪ ᴇʪʛᴇʥ-ʤᴇʨ-ʘʤ ʙʫʶʫ ʭʦʦʣ ʙʦʣʦʚʩʨʫʫʣʘʭ ʟʘʤʘʘʨ ʜʘʤʞʠʥ 

ʭװװʭʜװװʜ ʠʣװװʪʵʡ ᴇʨʪʜᴇʛ16.  

ʍװʩʥʵʛʪ 14. ʍᴇʨʩᴇᴇʨ ʜʘʤʞʠʭ ʭʘʣʜʚʘʨʪ ᴇʚʯʥʠʡ װװʩʛʵʛʯ1 

ˉ 
ʍʘʣʜʚʘʨ װװʩʛʵʛʯ 

ʐʠʤʵʛʯ, ʵʛʵʣ ʙʠʝʪʵʥ ʄᴇᴇʛᴇʥʮᴇʨ ʅʷʥ 

1 ɸʤʸʙʠʦʟ ɹʣʘʩʪʦʤʠʢʦʟ ɹʦʦʤ 

2 ɸʥʛʠʦʩʪʨʦʥʛʠʣʸʟ ʂʦʢʮʠʜʠʦʠʜʦʤʠʢʦʟ ɹʦʪʫʣʠʟʤ 

3 ɸʩʢʘʨʠʘʟ ʕʫʤʠʮʝʪʦʤ ɹʨʫʮʝʣʣʸʟ 

4 ɹʘʣʘʥʪʠʜʠʘʟ ʇʘʨʘʢʦʢʮʠʜʠʦʠʜʦʤʠʢʦʟ ɹװʨװʣʠ ʷʨ 

5 ɹʵʪʵʛ ʍʠʩʪʦʧʣʘʟʤʦʟʜʦʭ ʃʠʩʪʝʨʠʦʟ 

6 ɻʦʭ ʭʦʨʭʦʡʪʦʭ ᴇʚʯʠʥ ʍʨʦʤʦʤʠʢʦʟ ʄʝʣʠʦʠʜʦʟ 

7 ʂʘʧʠʣʣʘʨʠʘʟ 

  

ɸʢʪʠʥʦʤʠʮʝʪʦʤ 

8 ʉʪʨʦʥʛʠʣʦʠʜʠʘʟ ʊʘʪʨʘʥ 

9 ʊʦʢʩʦʢʘʨʠʘʟ ʊʫʣʷʨʝʤʠ 

10 ʊʦʢʩʦʧʣʘʟʤʦʜ Clostridium Perfringens-

ʵʵʨ ʩʵʜʵʵʛʜʩʵʥ ʭʦʦʣʥʳ 

ʭʦʨʜʣʦʛʦ  
11 ʊʨʠʭʫʨʠʘʟ 

 

ʅʠʡʩʣʵʣʠʡʥ ʵʨװװʣ ʤʵʥʜʠʡʥ ʛʘʟʨʳʥ 2023, 2024 ʦʥʳ ʵʨװװʣ ʤʵʥʜʠʡʥ ʩʪʘʪʠʩʪʠʢ װʟװװʣʵʣʪʵʜ 

ʪʫʣʛʫʫʨʣʘʥ3 ʥʠʡʪ ʭʘʣʜʚʘʨʪ ᴇʚʯʠʥ ʙʦʣʦʥ ʭᴇʨʩʥᴇᴇʩ ʜʘʤʞʠʭ ʭʘʣʜʚʘʨʪ ᴇʚʯʥʠʡʛ ʭᴇʨʩʥʠʡ 

ʙʠʯʠʣ ʘʤʴ ʩʫʜʣʘʣʳʥ װʟװװʣʵʣʪʪʵʡ ʭʦʣʙʦʥ װʟʵʭʵʜ ʰʫʫʜ, ʩʫʣ ʭʘʤʘʘʨʘʣ ʘʞʠʛʣʘʛʜʘʚ. 
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2023 ʦʥʳ ʙʘʡʜʣʘʘʨ ʍʘʣʜʚʘʨʪ ᴇʚʯʠʥ 10 000 ʭװʥ ʘʤʜ ɹʘʷʥʟװʨʭ ʜװװʨʵʛʪ 139.8, ɹʘʛʘʥʫʫʨ 

ʜװװʨʵʛʪ 176.3 ʙװʨʪʛʵʞ, ʙʫʩʘʜ ʜװװʨʛװװʜʵʵʩ ʠʭ ʙʘʡʩʘʥ. ʕʥʵ ʦʥʜ ʅʠʡʩʣʵʣʠʡʥ 9 ʜװװʨʛʠʡʥ 

505 ʮʵʛʵʵʩ ʘʚʩʘʥ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʜ ʥʠʡʪ ʥʷʥʛʠʡʥ ʪʦʦ ʭʘʤʛʠʡʥ ʠʭ ɹʘʛʘʥʫʫʨ ʜװװʨʵʛʪ 

12.46*106, ɹʘʷʥʟװʨʭ ʜװװʨʵʛʪ 9.42*106 ʠʣʵʨʩʵʥ.   

ʍװʩʥʵʛʪ 15. ʅʠʡʩʣʵʣʠʡʥ ʭװʥ ʘʤʳʥ ʍʘʣʜʚʘʨʪ ᴇʚʯʥʠʡ ʩʪʘʪʠʩʪʠʢ װʟװװʣʵʣʪ, 2023-2024 ʦʥ 

ˉ ɼװװʨʵʛ 

2023 ʦʥ 

ʍʘʣʜʚʘʨʪ 

ᴇʚʯʠʥ 

A03 - ʎʫʩʘʥ 

ʩʫʫʣʛʘ/Shigellosis 

ɸ09 ʍʘʣʜʚʘʨʳʥ 

ʛʘʨʘʣʪʘʡ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪ ʙʘ 

ʩʫʫʣʛʘʣʪ ᴇʚʯʠʥ 

A46 ɪʣʦʤ / 

Erysipelas/ 

ɹʦʜʠʪ 

ʪʦʦ 

10000 

ʭװʥ 

ʘʤʜ 

ɹʦʜʠʪ 

ʪʦʦ 

10000 

ʭװʥ ʘʤʜ 

ɹʦʜʠʪ 

ʪʦʦ 

10000 ʭװʥ 

ʘʤʜ 

ɹʦʜʠʪ 

ʪʦʦ 

10000 

ʭװʥ 

ʘʤʜ 

1 ɹʘʷʥʛʦʣ 2152 89.1 174 7.2 1 0.0 3 0.1 

2 ɹʘʷʥʟװʨʭ 5542 139.8 592 13.35 11 0.3 20 0.5 

3 ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ 2560 74.9 376 11.0 3 0.1 12 0.4 

4 ʉװʭʙʘʘʪʘʨ 1409 98.2 145 10.1 3 0.2 5 0.3 

5 ʍʘʥ-ʋʫʣ 2112 94.3 214 9.6 7 0.3 8 0.4 

6 ʏʠʥʛʵʣʪʵʡ 1281 86.9 134 9.1 0 0.0 4 0.3 

7 ʅʘʣʘʡʭ 356 90.7 9 2.3 0 0.0 0 0.0 

8 ɹʘʛʘʥʫʫʨ 518 176.3 27 9.2 0 0.0 8 2.7 

9 ɹʘʛʘʭʘʥʛʘʡ 15 33.8 1 2.3 0 0.0 0 0.0 

10 ɼװװʨʛʠʡʥ ʜװʥ 15945 101.7 1609 10.26 25 0.2 60 0.4 

ˉ ɼװװʨʵʛ 

2024 ʦʥ 

ʍʘʣʜʚʘʨʪ 

ᴇʚʯʠʥ 

A03 - ʎʫʩʘʥ 

ʩʫʫʣʛʘ/Shigellosis 

ɸ09 ʍʘʣʜʚʘʨʳʥ 

ʛʘʨʘʣʪʘʡ 

ʛʘʩʪʨʦʵʥʪʝʨʠʪ ʙʘ 

ʩʫʫʣʛʘʣʪ ᴇʚʯʠʥ 

A46 ɪʣʦʤ / 

Erysipelas/ 

ɹʦʜʠʪ 

ʪʦʦ 

10000 

ʭװʥ 

ʘʤʜ 

ɹʦʜʠʪ 

ʪʦʦ 

10000 

ʭװʥ ʘʤʜ 

ɹʦʜʠʪ 

ʪʦʦ 

10000 ʭװʥ 

ʘʤʜ 

ɹʦʜʠʪ 

ʪʦʦ 

10000 

ʭװʥ 

ʘʤʜ 

1 ɹʘʷʥʛʦʣ 2035 81.4 261 10.4 2 0.1 13 0.5 

2 ɹʘʷʥʟװʨʭ 4989 118.0 761 18.0 24 0.6 35 0.8 

3 ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ 2769 81.0 508 14.9 8 0.2 20 0.6 

4 ʉװʭʙʘʘʪʘʨ 1323 93.2 147 10.4 3 0.2 16 1.1 

5 ʍʘʥ-ʋʫʣ 1820 73.3 255 10.3 2 0.1 20 0.8 

6 ʏʠʥʛʵʣʪʵʡ 1178 84.0 163 11.6 6 0.4 10 0.7 

7 ʅʘʣʘʡʭ 293 73.4 8 2.0 0 0.0 1 0.3 

8 ɹʘʛʘʥʫʫʨ 235 80.7 18 6.2 0 0.0 4 1.4 

9 ɹʘʛʘʭʘʥʛʘʡ 9 20.4 0 0.0 0 0.0 0 0.0 

10 ɼװװʨʛʠʡʥ ʜװʥ 14651 90.5 2121 13.10 45 0.3 119 0.7 
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ɪʣʦʤ A46 ᴇʚʯʥʠʡ ʪʘʨʭʘʣʪ ʥʴ 2023, 2024 ʦʥʫʫʜʘʜ ɹʘʛʘʥʫʫʨ ʜװװʨʵʛʪ ʭʘʤʛʠʡʥ ʠʭ (2.7; 1.4) 

ʪʘʨʭʘʣʪʪʘʡ. ʎʫʩʘʥ ʩʫʫʣʛʘ A03 ʙʦʣʦʥ ʍʘʣʜʚʘʨʳʥ ʛʘʨʘʣʪʘʡ ʛʘʩʪʨʦʵʥʪʝʨʠʪ ʙʘ ʩʫʫʣʛʘʣʪ 

ɸ09 ᴇʚʯʠʥ ʥʴ ɹʘʷʥʟװʨʭ ʜװװʨʵʛʪ ʭʘʤʛʠʡʥ ʠʭ ʪʘʨʭʘʣʪʪʘʡ ʪʦʭʠʦʣʜʞʵʵ. 

 

  

  

  

ɿʫʨʘʛ  27. ʍᴇʨʩʥʠʡ ʥʠʡʪ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʦʣ ʙʘ ʭʘʣʜʚʘʨʪ ᴇʚʯʣᴇʣ, ʜװװʨʛʵʵʨ 

 

ʍװʥ ʘʤʳʥ ʜʫʥʜ ʭʘʣʜʚʘʨʪ ᴇʚʯʣᴇʣʠʡʥ ʪʦʭʠʦʣʜʦʣ ʥʵʤʵʛʜʵʭʵʜ ʥʠʡʛʵʤ, ʵʜʠʡʥ ʟʘʩʘʛ, 

ʵʨװװʣ ʘʭʫʡ, ʘʨʠʫʥ ʮʵʚʵʨ, ʦʨʯʥʳ ʙʦʭʠʨʜʦʣ, ʭװʥ ʘʤʳʥ ʥʷʛʪʨʘʣ ʟʵʨʵʛ ʦʣʦʥ ʟװʡʣʩʠʡʥ 
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ʥᴇʣᴇᴇʣᴇʣ ʙʘʡʜʘʛ. ɸʅʋ-ʳʥ ᴆʚʯʥʠʡ ʭʷʥʘʣʪ, ʩʵʨʛʠʡʣʵʣʪʠʡʥ ʪᴇʚ (Centers for Disease Control 

and Prevention)-ʠʡʥ ʤʵʜʵʵʣʛʵʩʥʵʵʨ ʥʠʡʪ ʭʘʣʜʚʘʨʪ ᴇʚʯʥʠʡ ʜʠʡʣʵʥʭ ʥʴ ʙʦʭʠʨ ʛʘʜʘʨʛʫʫʜ 

ʭװʨʵʣʮʵʭ ʙʘʡʜʣʘʘʨ ʙʫʶʫ ʙʦʭʠʨ ʭᴇʨʩ, ʵʜ ʟװʡʣʩ ʛʘʨʘʘʨ ʜʘʤʞʜʘʛ ʛʵʞ װʟʜʵʛ. ʊʠʡʤʵʵʩ 

ʙʦʭʠʨʜʩʦʥ ʭᴇʨʩʥᴇᴇʩ װװʜʵʣʪʵʡ ʛʘʨ ʙʦʭʠʨʜʦʭ, ʘʛʘʘʨ ʜʫʩʣʳʥ ʟʘʤʘʘʨ ʜʘʤ, ʭʘʚʩʘʨʩʘʥ 

ʙʘʡʜʣʘʘʨ ʭʘʣʜʚʘʨʳʛ ʜʘʤʞʫʫʣʘʭ ʥʴ ʥʵʤʵʛʜװװʣʜʵʛ ʪʘʣʪʘʡ.  

ʄʦʥʛʦʣ ʫʣʩʘʜ ʩʫʨʛʫʫʣʠʡʥ ʦʨʯʠʥʜ ʭװװʭʜװװʜʠʡʥ 34% ʥʴ ʩʘʚʘʥʪʘʡ ʫʩʘʘʨ ʛʘʨʘʘ ʫʛʘʘʜʘʛ, ʛʘʨ 

ʫʛʘʘʭ ʥᴇʭʮᴇʣ ʪʵʛʰ, ʭװʨʪʵʵʤʞʪʵʡ ʙװʨʜʵʵʛװʡ. ʂʆɺʀɼ-19 ʮʘʨ ʪʘʭʣʳʥ װʝʜ ʭװʥ ʘʤʳʥ ʜʫʥʜ 

ʛʘʨʳʥ ʵʨװװʣ ʘʭʫʡʛ ʩʘʭʠʭ ʤʵʜʣʵʛ, ʭʘʥʜʣʘʛʘ, ʜʘʜʘʣ ʩʘʡʞʠʨʩʘʥ ʯ ʪʦʛʪʚʦʨʪʦʡʛʦʦʨ ʭʵʚʰʠʣ 

ʙʦʣʛʦʭʦʜ ʘʩʫʫʜʣʫʫʜ ʪʫʣʛʘʨʯ ʙʘʡʥʘ11.  

4.2. ʍᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʦʣ ʙʘ ʭװʥ ʘʤʳʥ ʵʨװװʣ ʤʵʥʜʠʡʥ ʥᴇʣᴇᴇ  

ɼʕʄɹ-ʘʘʩ ʅʠʡʛʤʠʡʥ ʵʨװװʣ ʤʵʥʜʵʜ ʘʶʫʣ ʫʯʨʫʫʣʘʭ, ʘʥʭʘʘʨʘʣ ʭʘʥʜʫʫʣʘʭ 

ʰʘʘʨʜʣʘʛʘʪʘʡ ʭʠʤʠʡʥ ʛʘʨʘʣʪʘʡ 10 ʙʦʭʠʨʜʣʦʦʨ ʘʛʘʘʨʳʥ ʙʦʭʠʨʜʦʣ, ʭװʥʮʵʣ, ʘʩʙʝʩʪ, 

ʙʝʥʟʦʣ, ʢʘʜʤʠ, ʜʠʦʢʩʠʥ, ʬʪʦʨʳʥ ʭʵʪ ʠʭʩʵʣʪ, ʭʘʨʪʫʛʘʣʛʘ, ʤᴇʥʛᴇʥ ʫʩ, ʭʦʨʪʦʡ ʧʝʩʪʠʮʠʜ ʛʵʞ 

2020 ʦʥʜ ʟʘʨʣʘʩʘʥ12. ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʭװʨʵʵʥʜ ʭᴇʨʩᴇʥʜ ʭװʥ ʤʝʪʘʣʣ ʪʦʜʦʨʭʦʡʣʦʭ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʜ ʪʫʣʛʫʫʨʣʘʥ ʭʘʤʛʠʡʥ ʠʭ ʙʦʭʠʨʜʦʣʪʦʡ 10 ʮʵʛ ɹʘʷʥʟװʨʭ, ʍʘʥ-ʋʫʣ, 

ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ, ɹʘʛʘʭʘʥʛʘʡ, ʏʠʥʛʵʣʪʵʡ ʜװװʨʛʠʡʥ ʛʘʟʘʨ ʥʫʪʘʛʪ ʙʘʡʥʘ.  

 

ɿʫʨʘʛ  28. ʍװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʦʣʪ ʙװʭʠʡ ʵʤʟʵʛ ʮʵʛװװʜ 
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ʕʜʛʵʵʨ ʮʵʛװװʜʵʜ ʥʠʡʪʣʵʛ ʭװʥʮʵʣ, ʭʘʨʪʫʛʘʣʛʘ, ʢʘʜʤʠ, ʭʨʦʤ ʟʵʨʛʠʡʥ ʙʦʭʠʨʜʦʣ ʩʪʘʥʜʘʨʪʘʜ 

ʟʘʘʩʘʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʥʵʵʩ ʭʵʪʵʨʩʵʥ ʙʘ ʵʜʛʵʵʨ ʜװװʨʵʛ, ʭʦʨʦʦʜʦʜ 78 652 ʭװʥ 

ʘʤ ʦʨʰʠʥ ʩʫʫʞ ʙʘʡʥʘ. ɹʘʷʥʟװʨʭ ʜװװʨʛʠʡʥ ʘʚʪʦ ʟʘʤʳʥ ʙʦʣʦʥ װʡʣʜʚʵʨ, ʛʵʨ ʭʦʨʦʦʣʣʳʥ 

ʙװʩʵʜ, ʍʘʥ-ʋʫʣ ʜװװʨʛʠʡʥ װʡʣʜʚʵʨʠʡʥ ʙװʩ ʦʨʯʤʦʦʩ ʮʫʛʣʫʫʣʩʘʥ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʜ ʭװʥʜ 

ʤʝʪʘʣʣʳʥ ʭʘʚʩʘʨʩʘʥ ʙʦʭʠʨʜʦʣ (ʭװʥʮʵʣ, ʭʘʨʪʫʛʘʣʛʘ, ʢʘʤʜʠ, ʭʨʦʤ) ʠʭ ʠʣʵʨʯʵʵ.   

ʍװʩʥʵʛʪ 16. ʍᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʣʳʥ ʵʛʟʵʛʪʵʡ ʮʵʛװװʜ 

ˉ ɼװװʨʵʛ ʍʦʨʦʦ 

ʍװʥ 

ʘʤʳʥ 

ʪʦʦ 

ɸʰʠʛʣʘʣʪ, ʭʵʨʵʛʣʵʵ As Cd Cr Pb 

1 

ɹʘʷʥʟװʨʭ 

11-ʨ 

ʭʦʨʦʦ 
 ʡʣʜʚʵʨʠʡʥ ʦʡʨʦʣʮʦʦ 24.7 0.5 36.4 2190.1ת 10,503

2 
31-ʨ 

ʭʦʨʦʦ 
10,708 ɻʵʨ ʭʦʨʦʦʣʦʣ 32.7 0.5 145.3 492.5 

3 
11-ʨ 

ʭʦʨʦʦ 
10,503 ɸʚʪʦ ʟʘʤʳʥ ʭʘʞʫʫ 40.0 0.5 60.2 36.9 

4 
41-ʨ 

ʭʦʨʦʦ 
10,238 ɸʚʪʦ ʟʘʤʳʥ ʭʘʞʫʫ 11.5 0.5 36.6 114.4 

5 

ʍʘʥ-ʋʫʣ 

13-ʨ 

ʭʦʨʦʦ 
3,953 ʅʠʡʪʠʡʥ ʵʜʵʣʙʵʨ ʛʘʟʘʨ 39.8 0.5 36.9 9.0 

6 
20-ʨ 

ʭʦʨʦʦ 
 ʡʣʜʚʵʨ ʦʨʯʠʤ 10.8 4.5 593.9 153.6ת 11,136

7 

ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ 

9-ʨ ʭʦʨʦʦ 5,976 ɻʵʨ ʭʦʨʦʦʣʦʣ 15.8 0.5 23.6 141.3 

8 
40-ʨ 

ʭʦʨʦʦ 
7,614 

ʍʦʸʨʜʦʛʯ ʪװװʭʠʡ ʵʜ 

ʘʚʘʭ ʮʵʛ 
5.3 0.5 26.9 187.2 

9 ɹʘʛʘʭʘʥʛʘʡ 
1, 2 

ʭʦʨʦʦ 
4,463 ʍʦʛʠʡʥ ʮʵʛ 27.8 0.5 33.3 133.0 

10 ʏʠʥʛʵʣʪʵʡ 1-ʨ ʭʦʨʦʦ 3,558 ʅʦʛʦʦʥ ʙʘʡʛʫʫʣʘʤʞ 9.1 21.1 44.0 65.1 

 

ɼʵʣʭʠʡ ʜʘʭʠʥʜ ʦʨʯʥʳ ʙʦʭʠʨʜʦʣ (ʘʛʘʘʨ, ʫʩ, ʭᴇʨʩ, ʭʦʛ ʭʘʷʛʜʘʣ ʟʵʨʵʛ) ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜʵʜ 

 ʣʵʭ ʘʯʘʘʣʘʣ, ᴇʚʯʥʠʡ ʜʘʨʘʤʪʳʛ ʪʦʦʮʦʞ, ʩʫʜʘʣʩʘʥ ʩʫʜʘʣʛʘʘʥʫʫʜ ʵʨʯʠʤʪʵʡ ʥʵʤʵʛʜʵʞװװʟװ

ʙʘʡʥʘ. ʊװװʥʯʣʵʥ ʦʨʯʥʳ ʙʦʭʠʨʜʦʣ ʥʴ ʭʘʚʜʨʳʥ ᴇʚʯʣᴇʣʜ ʭʫʚʴ ʥʵʤʵʨ ʦʨʫʫʣʞ ʙʘʡʛʘʘʛ ʦʣʦʥ 

ʩʫʜʘʣʛʘʘʛʘʘʨ ʙʘʪʘʣʩʘʥ ʙᴇʛᴇᴇʜ ʷʣʘʥʛʫʷʘ ʘʛʘʘʨ, ʫʩ, ʭʫʚʘʥʮʘʨ ʙʦʣʦʥ ʭʠʤʠʡʥ ʙʦʭʠʨʜʣʳʥ 

ʥᴇʣᴇᴇʛ ʠʣװװ ʥʘʨʠʡʚʯʣʘʥ ʩʫʜʘʣʞ ʙʘʡʥʘ13-16. ʍʘʨʠʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʦʦʩ װװʜʵʣʪʵʡ ʭװʥ 

ʘʤʳʥ ʵʨװװʣ ʤʵʥʜʠʡʥ ʥᴇʣᴇᴇʣᴇʣ, ʘʯʘʘʣʘʣ, ᴇʚʯʣᴇʣʠʡʥ ʜʘʨʘʤʪʳʛ ʪʦʦʮʦʞ ʩʫʜʘʣʩʘʥ ʘʞʠʣ 

ʭʘʨʴʮʘʥʛʫʡ ʮᴇᴇʥ ʙʘʡʥʘ.  

ʍʘʚʜʨʳʥ ᴇʚʯʣᴇʣ ʥʴ ʭװʥʠʡ ʙʠʦʣʦʛʠʡʥ ʦʥʮʣʦʛ, ʫʜʘʤʰʠʣ, ʘʤʴʜʨʘʣʳʥ ʭʵʚ ʤʘʷʛ, ʭʦʨʪ 

ʟʫʨʰʣʳʥ ʭʵʨʵʛʣʵʵ, ʤᴇʥ ʘʞʣʳʥ ʙʦʣʦʥ ʘʤʴʜʨʘʭ ʦʨʯʥʳ ʙʦʭʠʨʜʦʣ ʟʵʨʵʛ ʦʣʦʥ ʭװʯʠʥ ʟװʡʣʵʵʩ 

ʰʘʣʪʛʘʘʣʜʘʛ. ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ ʥʴ ʭʘʚʜʘʨ װװʩʵʭ ʵʨʩʜʵʣʜ ʥᴇʣᴇᴇʣʞ ʙʦʣʦʭ ʯ, ʭʘʚʜʨʳʥ 

ᴇʚʯʣᴇʣʜ ʙʫʩʘʜ ʪᴇᴇʨᴇʛʜװװʣʵʭ ʭװʯʠʥ ʟװʡʣʩ ʯʫʭʘʣ װװʨʵʛ ʛװʡʮʵʪʛʵʜʵʛ ʙʦʣʦʭʳʛ ʭʘʨʛʘʣʟʘʥ 

 .ʟʭɻ ʭʵʨʵʛʪʵʡװ
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ɻʵʩʵʥ ʭʵʜʠʡ ʭᴇʨʩᴇʥʜ ʭװʥʜ ʤʝʪʘʣʣ ʪʦʜʦʨʭʦʡʣʦʭ ʰʠʥʞʠʣʛʵʵʛʵʵʨ ɿɼʍ-ʵʵʩ ʭʵʪʵʨʩʵʥ ʠʭ 

ʠʣʵʨʩʵʥ ʭװʥʮʵʣ, ʭʘʨʪʫʛʘʣʛʘ, ʢʘʜʤʠ, ʭʨʦʤ ʟʵʨʵʛ ʥʴ ʭװʥʠʡ ʵʣʵʛ, ʙᴇᴇʨ, ʪʘʨʭʠ, ʫʫʰʛʠ, ʷʩ, 

ʘʨʴʩ, ʥᴇʭᴇʥ װʨʞʠʭװʡʥ ʟʵʨʵʛ ʵʨʭʪʵʥ ʪʦʛʪʦʣʮʦʦʥʜ ʙʘʡ ʙʫʶʫ ʭʫʨʠʤʪʣʘʣʳʛ װװʩʛʵʞ, ʫʣʤʘʘʨ 

ʵʨװװʣ ʤʵʥʜʠʡʥ ʘʨʭʘʛ ʥᴇʣᴇᴇ װʟװװʣʜʵʛ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʩʦʥ17-27. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩᴇʥʜ 

ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʭװʥʜ ʤʝʪʘʣʫʫʜʳʥ ʘʛʫʫʣʘʤʞʪʘʡ 10 ʮʵʛʪ ʥʘʨʠʡʚʯʠʣʩʘʥ ʘʥʘʣʠʟ (ʍʘʚʩʨʘʣʪ1: 

ɹʦʭʠʨʜʣʳʥ ʮʘʨ ʭװʨʵʵʥʠʡ ʟʫʨʘʛʣʘʣ) ʭʠʡʞ ʵʜʛʵʵʨʵʵʩ װװʩɻʭ ʤʘʛʘʜʣʘʣʪʘʡ ʵʨװװʣ ʤʵʥʜʠʡʥ 

ʥᴇʣᴇᴇʣʣʠʡʛ ʜʘʨʘʘʭ ʭװʩʥʵʛʪʵʜ ʙʘʛʮʣʘʥ ʭʘʨʫʫʣʘʚ. ʄᴇʥ ʭʦʨʫʫ ʯʘʥʘʨ ʠʭʪʵʡ ʙװʭ ʭװʥʜ 

ʤʝʪʘʣʣʳʥ ʵʨװװʣ ʤʵʥʜʠʡʥ ʥᴇʣᴇᴇʣʣʠʡʛ ʍʘʚʩʨʘʣʪ 2-ʜ ʭʘʨʫʫʣʘʚ.  
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ʍװʩʥʵʛʪ 17. ʍװʥʜ ʤʝʪʘʣʣ ʙʘ ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜʠʡʥ ʥᴇʣᴇᴇ17-28 

ˉ  ʕʣʝʤʝʥʪ ʀʣװװʜʵʣ ɹʘʡ ʵʨʭʪʵʥ ᴆʨʪᴇʣʪʠʡʥ ʵʭ װװʩʚʵʨ ᴆʨʪᴇʤʭʠʡ ʙװʣʵʛ ʕʭ 

ʩʫʨʚʘʣʞ 

1 ʍװʥʮʵʣ- 

As 

ɸʨʴʩʥʳ ʛʠʧʝʨʧʠʛʤʝʥʪʘʮʠ, ʛʠʧʝʨʢʝʨʘʪʦʟ, 

ʫʫʰʛʠʥʳ ʘʨʭʘʛ ʙᴇʛʣᴇʨᴇʣʪ, ʭʦʜʦʦʜʥʳ 

 ,ʨʵʚʩʵʣ, ʘʨʪʝʨʠʡʥ ʜʘʨʘʣʪ ʠʭʩʵʣʪװ

ʤʵʜʨʵʣʠʡʥ ʵʤʛʵʛ, ʛʘʨ ʭᴇʣ ʤʵʜʵʵ 

ʘʣʜʘʭ,ʙʘʜʘʡʨʘʭ, ʙʫʣʯʠʥ ʩʫʣʨʘʭ 

ʭװװʭʜʠʡʥ IQ ʙʫʫʨʘʭ, ʙᴇᴇʨʥʠʡ ʘʨʭʘʛ 

ʜʫʪʘʛʜʘʣ, ʘʨʴʩ, ʫʫʰʛʠ, ʭʦʜʦʦʜ, ʫʤʘʡ, 

ʜʘʚʩʘʛ, ʙᴇᴇʨʥʠʡ ʭʘʚʜʘʨ. 

ɸʨʴʩ, ʙᴇᴇʨ, 

ʫʫʰʛʠ, ʵʣʵʛ, 

ʤʵʜʨʵʣʠʡʥ 

ʪʦʛʪʦʣʮʦʦ 

ʋʥʜʥʳ ʫʩ, ʭᴇʨʩʥʠʡ 

ʙʘʡʛʘʣʠʡʥ ʬʦʥ, 

ʭװʥʩʥʠʡ ʥʦʛʦʦ, ʙʫʜʘʘ 

ʊʘʤʭʠ ʪʘʪʘʭ 

ʋʫʣ ʫʫʨʭʘʡ, ʤʝʪʘʣʣ 

ʙʦʣʦʚʩʨʫʫʣʘʭ װʡʣʜʚʵʨ, 

ʭʠʤʠʡʥ ʙʦʨʜʦʦ, ʰʘʚʞ 

ʫʩʪʛʘʭ ʙʦʜʠʩ 

ʅʷʨʘʡ, ʙʘʛʘ ʥʘʩʥʳ 
ʭװװʭʵʜ, ʞʠʨʵʤʩʵʥ 
ʵʤʵʛʪʵʡ, ᴇʥʜᴇʨ ʥʘʩʪʘʥ, 
ʘʨʭʘʛ ᴇʚʯʪʵʡ ʭװʥ. 
ʋʫʣ ʫʫʨʭʘʡʥ ʘʞʠʣʪʥʫʫʜ, 
ʤʝʪʘʣʣ ʙʦʣʦʚʩʨʫʫʣʘʭ, 
ʭʘʡʣʫʫʣʘʭ װʡʣʜʚʵʨʠʡʥ 
ʘʞʠʣʯʠʜ, ʭʠʤʠʡʥ 
ʙʦʜʠʩʪʦʡ ʭʘʨʴʮʜʘʛ ʭװʥ 

WHO1 

2 ʍʘʨ 

ʪʫʛʘʣʛʘ- 

Pb 

ʊʘʨʭʠʥʜ ʛʵʤʪʵʣ ʫʯʨʫʫʣʞ, ʦʶʫʥʳ 

ʭʦʤʩʜʦʣ, ʤʵʜʨʵʣʠʡʥ ʵʤʛʵʛ, ʮʫʩʥʳ 

ʜʘʨʘʣʪ ʠʭʩʵʭ, ʮʫʩ ʙʘʛʘʜʘʣʪ ʙᴇᴇʨʥʠʡ 

ʛʵʤʪʵʣ, ʵʣʵʛʥʠʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ 

ᴇᴇʨʯʣᴇʣʪ. ʗʩʥʳ ʩʠʡʨʵʛʞʠʣʪ װװʩʛʵʭ, 

ɾʠʨʵʤʩʵʥ ʙʦʣʦʥ ʭᴇʛʞʣʠʡʥ ʵʭʵʥ װʝʜ ʭʘʨ 

ʪʫʛʘʣʛʳʥ ʭʦʨʜʣʦʛʦʜ ʦʨʩʦʥ ʭװװʭʜװװʜ IQ 

ʙʘʛʘ, ʪʘʥʠʥ ʤʵʜʵʭװʡʥ ʯʘʜʚʘʨ 

ʄʵʜʨʵʣʠʡʥ 

ʪʦʛʪʦʣʮʦʦ, 

ʙᴇᴇʨ, ʵʣʵʛ, 

ʷʩ 

ʍʘʨ ʪʫʛʘʣʛʘ ʘʛʫʫʣʩʘʥ 

ʙʫʜʘʛ, ʙʦʭʠʨʜʩʦʥ ʭᴇʨʩ, 

ʫʩ, ʪᴇʤᴇʨ ʟʘʤ, ʫʫʣ 

ʫʫʨʭʘʡʥ ʙװʩ, ʘʢʢʫʤʣʷʪʦʨ, 

ʙʘʪʘʨʝʡ. 

ɹʦʭʠʨʜʩʦʥ ʙװʩ ʥʫʪʛʠʡʥ 
ʦʨʰʠʥ ʩʫʫʛʯ,ʭװװʭʵʜ, 
ʞʠʨʵʤʩʵʥ ʵʤʵʛʪʵʡ,   
ʪᴇʤᴇʨ ʟʘʤ, ʫʫʣ ʫʫʨʭʘʡ, 
ʤʘʰʠʥ ʟʘʩʚʘʨʳʥ 
ʘʞʠʣʪʘʥ. 

WHO9, 

FAO5 

3 ʂʘʜʤʠ- 

Cd 

ʗʩʥʳ ʩʠʡʨʵʛʞʠʣʪ,  ʠʪʘʡ ʠʪʘʡ ᴇʚʯʠʥ , 

ʙᴇᴇʨʥʠʡ ʛʵʤʪʵʣ, װʨʵʚʩʵʣ, ʘʨʭʘʛ ʜʫʪʘʛʜʘʣ 

ʫʫʰʛʠʥʳ ʵʤʬʠʟʝʤ. ʋʫʰʛʠ, ʙᴇᴇʨ, ʜʘʚʩʘʛ, 

ɹᴇᴇʨ, ʫʫʰʛʠ, 

ʷʩ 

ʋʥʜʥʳ ʫʩ, ʭװʥʩʥʠʡ ʥʦʛʦʦ, 

ʙʫʜʘʘ, ʤʘʣʳʥ ʜʦʪʦʨ 

ʵʨʭʪʵʥ, ʜʘʣʘʡʥ ʛʘʨʘʣʪʘʡ 

ʭװʥʩ 

ʅʷʨʘʡ, ʙʘʛʘ ʥʘʩʥʳ 
ʭװװʭʵʜ, ʞʠʨʵʤʩʵʥ 
ʵʤʵʛʪʵʡ, ᴇʥʜᴇʨ ʥʘʩʪʘʥ, 
ʘʨʭʘʛ ᴇʚʯʪʵʡ ʭװʥ, ʪʘʤʭʠ 
ʪʘʪʜʘʛ ʭװʤװװʩ. 

WHO2, 

FAO3 
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ʭᴇʭʥʠʡ ʭʘʚʜʘʨ װװʩʛʵʭ ʵʨʩʜʵʣʪʵʡ. 

 .ʨʛʵʜʵʛװʡʜʵʣʜ ʭװʨʛת

ʊʘʤʭʠʥʳ ʫʪʘʘ 

ʄʝʪʘʣʣ ʭʘʡʣʫʫʣʘʭ 

 ʡʣʜʚʵʨ, ʮʘʡʨʳʥ ʙʦʣʦʥװ

ʙʫʩʘʜ ᴇʥʛᴇʪ ʤʝʪʘʣʣʳʥ 

 ,ʡʣʜʚʵʨ, ʙʘʪʘʨʝʡ ʙʫʜʘʛװ

ʭʫʚʘʥʮʘʨ װʡʣʜʚʵʨʣʵʣ, 

ʵʣʝʢʪʨʦʥ ʭʘʷʛʜʘʣ 

ʙʦʣʦʚʩʨʫʫʣʘʭ (e-waste) 

ʄʝʪʘʣʣ ʭʘʡʣʫʫʣʘʭ, 

ʙʘʪʘʨʝʡ װʡʣʜʚʵʨʣʵʣ, 

ʛʘʛʥʫʫʨ, e-waste ʟʵʨʵʛ 

ʦʨʯʠʥʜ ʘʞʠʣʣʘʛʩʘʜ 

3 ʍʨʦʤ- Cr ɸʨʴʩʥʳ ʜʝʨʤʘʪʠʪ, ʛʠʧʝʨʢʝʨʘʪʦʟ, 

ʘʤʴʩʛʘʣʳʥ ʟʘʤʳʥ װʨʵʚʩʵʣ, 

ʧʥʝʚʤʦʢʦʥʠʦʟ, ʭʘʤʨʳʥ ʩʘʣʩʪʳʥ װʨʵʚʩʵʣ, 

ʙᴇᴇʨʥʠʡ ʜʫʪʘʛʜʘʣ, ʫʫʰʛʠʥʳ ʭʦʨʪ ʭʘʚʜʘʨ, 

ʘʨʴʩʥʳ ʭʦʨʪ ʭʘʚʜʘʨ, ɼʅʍ-ʠʡʥ ʛʵʤʪʵʣ, 

ʭʨʦʤʦʩʦʤʳʥ ʛʘʞʫʫʜʘʣ, ʛʝʥʝʪʠʢ ʙʦʣʦʥ 

ʵʧʠʛʝʥʝʪʠʢʠʡʥ ᴇᴇʨʯʣᴇʣʪװװʜ, װʨʛװʡʜʵʣ 

ɸʨʴʩ, ʫʫʰʛʠ, 

ʙᴇᴇʨ, ʥᴇʭᴇʥ 

 ʡװʨʞʠʭװ

ɹʦʭʠʨʜʩʦʥ ʫʩ, ʭᴇʨʩ, 

ʘʛʘʘʨ, ʭʦʦʣ ʭװʥʩ.ʍʨʦʤʳʥ 

 ʡʣʜʚʵʨ, ʘʨʴʩ ʰʠʨʥʠʡװ

 ʡʣʜʚʵʨ, ʛʘʛʥʫʫʨװ

ɹʦʭʠʨʜʩʦʥ ʙװʩ ʥʫʪʛʠʡʥ 

ʦʨʰʠʥ ʩʫʫʛʯʠʜ, ʭʨʦʤʳʥ 

 ,ʡʣʜʚʵʨʠʡʥ ʘʞʠʣʪʳʥװ

ʘʨʴʩ ʰʠʨʥʠʡ 

 ,ʡʣʜʚʵʨʠʡʥ ʘʞʠʣʪʘʥװ

ʛʘʛʥʫʫʨʯʠʥ,  

NIH4, 

FAO5 
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ʄʦʥʛʦʣ ʫʣʩʘʜ 2024 ʦʥʳ ʭʦʨʪ ʭʘʚʜʨʳʥ ʪʘʡʣʘʥʛʘʘʨ 8169 ʭʦʨʪ ʭʘʚʜʨʳʥ ʰʠʥʵ ᴇʚʯʣᴇʣ 

ʦʥʦʰʣʦʛʜʩʦʥʳ 53.9 ʭʫʚʴ ʥʴ ʦʨʦʥ ʥʫʪʘʛ, 46.1 ʭʫʚʴ ʥʴ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʦʜ ʙװʨʪʛʵʛʜʩʵʥ ʙʘ 

ʟʦʥʭʠʣʦʥ ʙʘʡʨʣʘʣʳʥ ʭʦʨʪ ʭʘʚʜʨʳʥ ᴇʚʯʣᴇʣʠʡʥ ʙװʪʮʵʜ ʵʣʵʛʥʠʡ ʭʦʨʪ ʭʘʚʜʘʨ 28.9%, 

ʭʦʜʦʦʜʥʳ ʭʦʨʪ ʭʘʚʜʘʨ 16.2%, ʫʫʰʛʠ ʛʫʫʨʩʘʥ ʭʦʦʣʦʡ ʭʦʨʪ ʭʘʚʜʘʨ 6.7%, ʫʤʘʡʥ ʭװʟװװʥʠʡ 

ʭʦʨʪ ʭʘʚʜʘʨ 6.4%, ʙװʜװװʥ ʰʫʣʫʫʥ ʛʵʜʵʩʥʠʡ ʭʦʨʪ ʭʘʚʜʘʨ 5.1% ʵʟʵʣʞ ʙʘʡʥʘ22.  

ʍװʩʥʵʛʪ 18. ʍװʥ ʘʤʳʥ ʭʦʨʪ ʭʘʚʜʨʳʥ ᴇʚʯʣᴇʣ, 2023-2024, ʜװװʨʛʵʵʨ 

ˉ ɼװװʨʵʛ  
ʍװʥ ʘʤʳʥ 

ʪʦʦ 

ʍʘʚʜʨʳʥ ʥʠʡʪ 

ᴇʚʯʣᴇʣ, 2023 

ʍʘʚʜʨʳʥ ʥʠʡʪ 

ᴇʚʯʣᴇʣ, 2024 

1 ʍʘʥ-ʋʫʣ    258,187  557 571* 

2 ɹʘʷʥʟװʨʭ    436,822  378 462* 

3 ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ    341,390  438 368 

4 ɹʘʷʥʛʦʣ    252,979  385 258 

5 ʉװʭʙʘʘʪʘʨ    141,537  38 255 

6 ʅʘʣʘʡʭ      38,690  71 45 

7 ʏʠʥʛʵʣʪʵʡ    151,203  62 25 

8 ɹʘʛʘʥʫʫʨ      29,342  0 2 

9 ɹʘʛʘʭʘʥʛʘʡ       4,463  1 0 

 

ʍʘʚʜʨʳʥ ʥʠʡʪ ᴇʚʯʣᴇʣᴇᴇʨ ʍʘʥ-ʋʫʣ, ɹʘʷʥʟװʨʭ, ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ ʜװװʨʛװװʜ ʪʵʨʛװװʣʞ ʙʘʡʥʘ. 

ʅʠʡʩʣʵʣʠʡʥ 9 ʜװװʨʛʵʵʩ ʮʫʛʣʫʫʣʩʘʥ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʜ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʭʘʚʩʘʨʩʘʥ ʙʦʭʠʨʜʦʣ 

(ʭװʥʮʵʣ, ʭʘʨʪʫʛʘʣʛʘ, ʢʘʤʜʠ, ʭʨʦʤ) ɹʘʷʥʟװʨʭ, ʍʘʥ-ʋʫʣ ʜװװʨʵʛ ʠʭ ʠʣʵʨʩʵʥ (ʍװʩʥʵʛʪ 16). 

4.3. ʕʨװװʣ ʤʵʥʜʠʡʥ ʥᴇʣᴇᴇʣʣʠʡʥ װʥʵʣʛʵʵ  

ʍᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʜ ʪʫʣʛʫʫʨʣʘʥ ʵʛʟʵʛʪʵʡ 10 ʮʵʛʠʡʛ 

ʥʘʨʠʡʚʯʣʘʥ ʭװʥ ʘʤʳʥ ʵʨװװʣ ʤʵʥʜʠʡʥ װʥʵʣʛʵʵʛ ʭʠʡʩʵʥ. ʕʨװװʣ ʤʵʥʜʠʡʥ ʥᴇʣᴇᴇʣʣʠʡʥ 

 ʥʜװʥ ʘʤʜ ʭᴇʨʩʥʠʡ ʭװʨʛʠʡʥ ʪʫʭʘʡʥ ʭʦʨʦʦʥʳ ʭװװʥʵʣʛʵʵʥʠʡ ʤʘʪʨʠʮʳʛ ʘʰʠʛʣʘʥ 5 ʜװ

ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʣʦʦʩ װװʜʵʣʪʵʡ ʥᴇʣᴇᴇʣᴇʣ ʙװʨʠʡʥ ʭʵʤʞʵʵʛ ᴇʨʪᴇʭ ʤʘʛʘʜʣʘʣʪʘʡ ʙװʣʵʛʪ 0-

3 ʙʘʣʣʘʘʨ װʥʵʣʵʚ. װתʥʜ:   

ʎʘʨ ʭװʨʵʵ: ʅᴇʣᴇᴇʣʞ ʙʫʡ ʭװʥ ʘʤ, ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʭʵʤʞʵʵ, ʭװʨʵʵ (ʆʨʯʥʳ ʞʠʞʠʛ ʭʵʩʵʛ, ʦʡʨʳʥ 

ʭʷʟʛʘʘʨʪʘʡ, ʥʵʛ ʛʘʟʘʨ, ʥʫʪʛʠʡʥ ʪװʚʰʠʥʜ, ʜװװʨʵʛ, ʩʫʤʳʥ ʭʵʤʞʵʵʛ ʭʘʤʘʨʩʘʥ, ʭʦʪ, ʘʡʤʘʛ, ʙװʩ 

ʥʫʪʘʛ, ʪʦʤ ʛʘʟʘʨ) 

ʕʨʯʠʤ: ʅᴇʣᴇᴇʣʣʠʡʥ ʭװʯ ʯʘʜʘʣ, ʥᴇʣᴇᴇʥʠʡ ʭʵʤʞʵʵ  

ɼʘʚʪʘʤʞ: ʍʵʜʠʡ ʭʫʛʘʮʘʘʥʜ ʷʤʘʨ ʜʘʚʪʘʤʞʪʘʡ ʥᴇʣᴇᴇʣʞ ʙʘʡʛʘʘʛ װʥʵʣʥʵ. (ʥʵʛ ʫʜʘʘ, ʪװʨ 

ʟʫʫʨʳʥ ʥᴇʣᴇᴇ, ʫʣʠʨʣʳʥ ʜʘʚʪʘʤʞʪʘʡ, ʞʠʣʜ ʭʵʜʵʥ ʫʜʘʘ, װʨʛʵʣʞʠʣʩʵʥ, ʪʦʛʪʤʦʣ, ʞʠʣʠʡʥ 

ʪʫʨʰ) 
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ʅᴇʣᴇᴇʣʣʠʡʥ ʟʵʨʵʛ: ʊװʨ ʟʫʫʨʳʥ ʩᴇʨᴇʛ װʨ ʜʘʛʘʚʘʨ, ʭװʥʜʨʵʣʠʡʥ ʰʠʥʞʪʵʡ, ʟʘʩʘʭ 

ʙʦʣʦʤʞʛװʡ ʭʵʮװװ ʥᴇʣᴇᴇ, ʭװʥʜ ʙʘʡʥʛʳʥ װʨʛʵʣʞʣʵʭ ʟʵʨʛʠʡʛ ʭʘʨʛʘʣʟʘʥ ʙʘʣʣ ʙʫʶʫ ʦʥʦʦʛʦʦʨ 

  .ʥʵʣʩʵʥװ

ɼװʛʥʵʭʜʵʵ ʥᴇʣᴇᴇʣʣʠʡʥ ʥʦʮʪʦʡ ʙʘʡʜʣʳʥ ʟʵʨʛʠʡʛ ʥʠʡʣʙʵʨ ʦʥʦʦʥʳ ʜװʥʜ ʪʫʣʛʫʫʨʣʘʥ 

ʮʘʘʰʠʜ ʘʚʯ ʭʵʨʵʛʞװװʣʵʭ ʘʨʛʘ ʭʵʤʞʵʵʥʠʡ װʥʜʵʩʣʵʣ ʙʦʣʛʦʭ ʫʯʠʨʪʘʡ. 0-3= ʘʶʫʣ ʙʘʛʘʪʘʡ, 

4-6= ʜʫʥʜ ʟʵʨʛʠʡʥ, 7-9= ʥʦʮʪʦʡ, 10-12 ʤʘʰ ʥʦʮʪʦʡ. 

I = ɹʘʛʘ (ʵʨʩʜʵʣʠʡʥ ʭװʣʵʵʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʵʵʩ ʙʘʛʘ, ʭʦʨ ʭᴇʥᴇᴇʣʠʡʛ ʙʫʫʨʫʫʣʘʭ 

ʘʨʛʘ ʭʵʤʞʵʵ ʰʘʘʨʜʣʘʛʘʛװʡ)  

II = ɼʫʥʜ ʟʵʨʵʛ (ʵʨʩʜʵʣʠʡʥ ʭװʣʵʵʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʜ ʪʫʣʩʘʥ ʙʘ ʠʜʵʚʭʪʵʡ ʭʷʥʘʣʪ 

ʪʘʚʠʭ ʰʘʘʨʜʣʘʛʘʪʘʡ)  

III = ʀʭ (ʵʨʩʜʵʣʠʡʥ ʭװʣʵʵʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʵʵʩ ʠʭ ʙʘ ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ ʘʨʛʘ 

ʭʵʤʞʵʵ ʰʘʘʨʜʣʘʛʘʪʘʡ) 

IV ï ʄʘʰ ʠʭ (ʵʨʩʜʵʣʠʡʥ ʭװʣʵʵʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʵʵʩ ʤʵʜʵʛʜʵʭװʡʮ ʠʭ ʙʘ ʥʵʥ ʜʘʨʫʡ 

ʷʘʨʘʣʪʘʡ ʘʥʭʘʘʨʘʣ ʭʘʥʜʫʫʣʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ) 

ʍװʩʥʵʛʪ 19. ʅᴇʣᴇᴇʣʣʠʡʥ ʤʘʪʨʠʮ 

ʅЊʣЊЊʣʣʠʡʥ 

ʟʵʨʛʠʡʥ ʦʥʦʦ 

ʄʘʛʘʜʣʘʣʳʥ ʘʥʛʠʣʘʣ 

ʄʘʰ ʙʘʛʘ ï 

ʙʦʣʦʤʞʛϾʡ 

ɹʘʛʘ ï 

ɹʦʣʟʦʰʛϾʡ 

ɼʫʥʜ ʟʵʨʵʛ ï 

ʄʘʛʘʜʣʘʣʪʘʡ 

ЉʥʜЊʨ -- 

ʊʦʜʦʨʭʦʡ 

0-3 ʦʥʦʦ l l l ll 

4-6 ʦʥʦʦ l ll ll lll 

7-9 ʦʥʦʦ ll lll lll lV 

10-12 ʦʥʦʦ lll lV lV lV 

 

ɹʘʷʥʟװʨʭ ʙʦʣʦʥ ʍʘʥ-ʋʫʣ ʜװװʨʛʠʡʥ ʟʘʨʠʤ ʭʦʨʦʦ, ʮʵʛʠʡʥ ʭᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣʳʥ 

ʙʦʭʠʨʜʣʦʦʩ װװʜʵʣʪʵʡ ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜʵʜ װʟװװʣʵʭ ʥᴇʣᴇᴇ ʥʴ ʥʦʮʪʦʡ ʙʫʶʫ lll-IV ʟʵʨʵʛʪʵʡ 

 ʣװװʥʠʡ ʵʨװʨʛʠʡʥ ʮʵʛʠʡʥ ʙʦʭʠʨʜʣʳʥ ʭװװʥʵʣʵʛʜʩʵʥ. ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ, ʏʠʥʛʵʣʪʵʡ ʜװ

ʤʵʥʜʠʡʥ ʥᴇʣᴇᴇʣᴇʣ ʥʴ ʜʫʥʜ ʟʵʨʵʛ ʙʘʡʥʘ.  
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ʍװʩʥʵʛʪ 20. ʕʨװװʣ ʤʵʥʜʠʡʥ ʥᴇʣᴇᴇʣʣʠʡʥ װʥʵʣʛʵʵ, ʤʘʪʨʠʮ 

 
 
 

ʅᴇʣᴇᴇʣᴇʣ 

 
ʍᴇʨʩʥʠʡ ʭװʥʜ 
ʤʝʪʘʣʣʳʥ 
ʙʦʭʠʨʜʦʣ 

 
ʎʘʨ ʭװʨʵʵ 

 
 

 
ʕʨʯʠʤ 

 
 

 
ʍʫʛʘʮʘʘ 

 
ʕʨװװʣ ʤʵʥʜʵʜ 
 ʣʵʭ ʥᴇʣᴇᴇװװʟװ

 
ʅᴇʣᴇᴇʣʣʠʡʥ 
ʜʘʣʘʡʮ, 
ʥʦʮʪʦʡ 
ʙʘʡʜʣʳʥ 
ʟʵʨʵʛʣʵʣ 

 
(ʦʥʦʦʥʳ 
ʥʠʡʣʙʵʨʵʵʨ) 

 
ɿʵʨʵʛʣʵʣ 

ɹʘʛʘ-0 
ɼʫʥʜ-1 
ᴆʥʜᴇʨ-2 

ʄʘʰ ᴇʥʜᴇʨ-3 

ɹʘʛʘ-0 
ɼʫʥʜ-1 
ᴆʥʜᴇʨ-2 

ʄʘʰ ᴇʥʜᴇʨ-3 

ɹʘʛʘ-0 
ɼʫʥʜ-1 
ᴆʥʜᴇʨ-2 

ʄʘʰ ᴇʥʜᴇʨ-3 

ɹʘʛʘ-0 
ɼʫʥʜ-1 
ᴆʥʜᴇʨ-2 

ʄʘʰ ᴇʥʜᴇʨ-3 

ɹʘʷʥʟװʨʭ ʜװװʨʛʠʡʥ 3 ʭʦʨʦʦʥʳ 
ʍᴇʨʩʥʠʡ ʭװʥʮʵʣ, ʭʘʨʪʫʛʘʣʛʳʥ 
ʙʦʭʠʨʜʦʣ, (As, Pb) 
 
ɿʫʨʘʛ ɸ1-4 

11, 31, 41-ʨ 
ʭʦʨʦʦʥʳ ʛʵʨ 
ʭʦʨʦʦʣʦʣ, 
 ʡʣʜʚʵʨ, ʘʚʪʦ ʟʘʤװ
ʜʘʛʫʫ, 31 449 ʭװʥ 
ʘʤʜ  
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ʅʦʮʪʦʡ 

ʍʘʥ-ʋʫʣ ʜװװʨʛʠʡʥ װʡʣʜʚʵʨ 
ʦʨʯʠʤ, ʥʠʡʪʠʡʥ ʵʜʵʣʙʵʨ ʛʘʟʨʳʥ 
ʭᴇʨʩʥʠʡ  ʢʘʜʤʠ, ʭʨʦʤ, 
ʭʘʨʪʫʛʘʣʛʳʥ  ʙʦʭʠʨʜʦʣ (Cd, Cr, 
Pb) 
 
ɿʫʨʘʛ ɸ5-6 

13, 20 ʭʦʨʦʦʥʳ  
15089 ʭװʥ ʘʤʜ 
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ʅʦʮʪʦʡ 

ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ ʜװװʨʛʠʡʥ ʛʵʨ 
ʭʦʨʦʦʣʣʳʥ ʙʦʣʦʥ ʪװװʭʠʡ ʵʜ 
ʘʚʘʭ ʮʵʛ ʦʨʯʤʳʥ ʭᴇʨʩʥʠʡ ʭʘʨ 
ʪʫʛʘʣʛʳʥ ʙʦʭʠʨʜʦʣ (Pb) ɿʫʨʘʛ 
ɸ7-8 
 

9, 40  ʭʦʨʦʦʥʳ  
13590 ʭװʥ ʘʤʜ 
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ɼʫʥʜ 
ʟʵʨʵʛ 

ɹʘʛʘʭʘʥʛʘʡ ʜװװʨʛʠʡʥ ʭʦʛʠʡʥ 
ʮʵʛʠʡʥ ʦʨʯʤʳʥ ʭᴇʨʩʥʠʡ ʭװʥʮʵʣ, 
ʭʘʨ ʪʫʛʘʣʛʳʥ ʙʦʭʠʨʜʦʣ (As, Pb) 
ɿʫʨʘʛ ɸ9 

1-2 ʭʦʨʦʦʥʳ 
ʥʠʡʪʠʡʥ ʭʦʛʠʡʥ 
ʮʵʛ,  4463 ʭװʥ ʘʤ 
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1 

 
3 

 
ɹʘʛʘ 
ʟʵʨʵʛ 

ʏʠʥʛʵʣʪʵʡ ʜװװʨʛʠʡʥ ʥʦʛʦʦʥ 
ʙʘʡʛʫʫʣʘʤʞ ʦʨʯʤʳʥ ʭᴇʨʩʥʠʡ 
ʢʘʜʤʠ ʙʦʭʠʨʜʦʣ (Cd) ɿʫʨʘʛ ɸ10 

1 ʭʦʨʦʦ, 3558 ʭװʥ 
ʘʤ 
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1 

 
2 

 
1 
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ɼʫʥʜ 
ʟʵʨʵʛ 
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ɼתɻʅʕʃʊ  

ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ 9 ʜװװʨʛʠʡʥ ʭʵʤʞʵʵʥʜ ʭʠʡʛʜʩʵʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ 

ʩʫʜʘʣʛʘʘʥʳ ʜװʥʛ ʘʰʠʛʣʘʥ ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜʵʜ װʟװװʣʵʭ ʵʨʩʜʵʣ ʙʦʣʦʥ ʥᴇʣᴇᴇʣʣʠʡʛ 

ʤʘʪʨʠʮʳʥ ʘʨʛʘʘʨ ʪʦʦʮʦʦʣʞ ʜʘʨʘʘʭ ʜװʛʥʵʣʪʵʜ ʭװʨʣʵʵ. ʕʜʛʵʵʨ װʥʵʣʛʵʵ ʥʴ ʙʦʭʠʨʜʣʳʛ 

ʙʫʫʨʫʫʣʘʭ, ʵʨʩʜʵʣʠʡʛ ʭʷʥʘʭ, ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ ʙʦʜʣʦʛʦ, ʘʨʛʘ ʭʵʤʞʵʵʛ ʭʵʨʵʛʞװװʣʵʭʵʜ 

 .ʥʜʵʩʣʵʣ ʙʦʣʦʭ ʶʤװ

1. ʅʠʡʩʣʵʣʠʡʥ 9 ʜװװʨʛʠʡʥ ᴇʥʛᴇʥ ʭᴇʨʩʥᴇᴇʩ ʘʚʩʘʥ 507 ʜʵʵʞʠʡʥ ʜʫʥʜʞʘʘʨ ʭװʥʜ 

ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʘʤʞ ʥʴ: ʍװʥʮʵʣ (As) 12.4 ʤʛ/ʢʛ, ʂʦʙʘʣʴʪ (Co) 11.2 ʤʛ/ʢʛ, ʍʨʦʤ (Cr) 

32.9 ʤʛ/ʢʛ, ɿʵʩ (Cu) 16.3 ʤʛ/ʢʛ, ʄʦʣʠʙʜʝʥ (Mo) <1.0 ʤʛ/ʢʛ, ʅʠʢʝʣʴ (Ni) 18.1 ʤʛ/ʢʛ, 

ʍʘʨ ʪʫʛʘʣʛʘ (Pb) 24.4 ʤʛ/ʢʛ, ʉʪʨʦʥʮʠ (Sr) 316.5 ʤʛ/ʢʛ, ʎʘʡʨ (Zn) 103.6 ʤʛ/ʢʛ ʙʘʡʥʘ. 

ʉʫʜʘʣʛʘʘʥʳ ʥʠʡʪ ʜʵʵʞʥʠʡ ʵʟʣʵʭ ʭʫʚʠʘʨ ʘʚʯ װʟʚʵʣ MNS 5850:2019 ʩʪʘʥʜʘʨʪʘʘʩ 

ʜʘʚʩʘʥ ʥʴ As 8.7%, Zn 2.6%, Pb 2.4%, Cu 0.8%, Cr 0.2%, Mo 0.2% ʙʘʡʩʘʥ ʙʦʣ Co, 

Ni, Sr ʥʴ ʜʘʚʩʘʥ ʫʪʛʘʛװʡ ʙʘʡʥʘ. 

2. ʍᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣr ʥ ʙʦʭʠʨʜʣʳʥ ʘʯʘʘʣʣʳʥ ʠʥʜʝʢʩʠʡʥ װʥʵʣʛʵʵ PLI 0.34ï7.19 

ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ, ʜʫʥʜʞʘʘʨ 1.26 ʙʘʡʛʘʘ ʥʴ ʥʠʡʪ ʮʵʛװװʜ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʛʵʵʨ 

ʙʦʭʠʨʜʩʦʥ ʙʘʡʥʘ. ɹʦʭʠʨʜʣʳʥ ʠʥʜʝʢʩʠʡʥ ʜʫʥʜʘʞ ʫʪʛʳʛ ʭʘʤʛʠʡʥ ʠʭʵʵʩ ʙʘʛʘ ʙʘʛʘ 

ʙʦʭʠʨʜʦʣʪ װװʩʛʵʞ ʙʫʡ ʜʘʨʘʘʣʣʳʛ ʘʚʯ װʟʚʵʣ Pb (2.47) > As (2.16) > Cu (1.69) > Zn 

(1.52) > Cr (1.12)  > Sr (1.04) > Co (0.98) > Ni (0.98) ʙʘʡʥʘ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʥʠʡʪ 

ʜʵʵʞʥʠʡ ʭʫʚʴʜ ʭʘʨ ʪʫʛʘʣʛʘ, ʭװʥʮʵʣ, ʟʵʩ, ʮʘʡʨʥ ʭʨʦʤ, ʩʪʨʦʥʮʠʡʥ ʙʦʭʠʨʜʦʣ ʠʭ 

ʙʘʡʛʘʘ ʙʦʣ ʢʦʙʘʣʴʪ, ʥʠʢʝʣʠʡʥ ʙʦʭʠʨʜʦʣ ʭʘʨʴʮʘʥʛʫʡ ʙʘʛʘ ʙʘʡʥʘ. ʄᴇʥ ʪʝʭʥʦʛʝʥ 

ʥᴇʣᴇᴇʛᴇᴇʨ װװʩʩʵʥ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʭʫʨʠʤʪʣʘʣʳʛ (Igeo) ʪʦʦʮʦʭʦʜ ʠʭʵʥʭ ʮʵʛʪ Igeo <1 

ʙʫʶʫ ʙʘʛʘ ʙʘʡʛʘʘ ʙʦʣʦʚʯ ʭʦʪʳʥ ʪᴇʚ ʙʘ ɹʘʷʥʟװʨʭ ʜװװʨʛʠʡʥ ʟװװʥ ʫʨʜ ʭʵʩʵʛʪ Igeo >2, 

ʙʦʭʠʨʜʦʣ ᴇʥʜᴇʨ ʙʘʡʥʘ.  

3. ʍװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʣʦʥ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʣʳʥ ʘʯʘʘʣʣʳʥ ʠʥʜʝʢʩʠʡʛ ʙʦʭʠʨʜʦʣ װװʩʛʵʛʯ 

ʙʦʣʦʤʞʠʪ ʵʭ װװʩʚʵʨװװʜʪʵʡ ʜʘʚʭʮʫʫʣʘʥ ʰʠʥʞʣʵʭʵʜ, ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ ʥʴ ʵʭ 

 ʥʜװʩʚʵʨʠʡʥ ʦʥʮʣʦʛʦʦʩ ʭʘʤʘʘʨʘʣʪʘʡ ʯ ʷʣʛʘʘʪʘʡ ʪʘʨʭʘʣʪʪʘʡ ʙʘʡʩʘʥ. ʍװװ

ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʦʣ ʠʭʵʚʯʣʵʥ ʘʚʪʦ ʟʘʤ, ʰʘʪʘʭʫʫʥ ʪװʛʵʵʭ ʩʪʘʥʮ, װʡʣʜʚʵʨʣʵʣʠʡʥ 

 ʜʪʵʡ ʦʡʨʦʣʮʦʦ ʙᴇʛᴇᴇʜװװʩʚʵʨװװ ʡʣ ʘʞʠʣʣʘʛʘʘ ʟʵʨʵʛ ʙʦʭʠʨʜʣʳʥ ʙʦʣʦʤʞʠʪ ʵʭװ

ʪʦʜʦʨʭʦʡ ʙװʩʵʜ ʪᴇʚʣᴇʨʩᴇʥ ʙʘʡʩʘʥ. ʍʘʨʠʥ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʦʣ ʥʴ ʥװʭʵʥ ʞʦʨʣʦʥʛʠʡʥ 

ʦʡʨʦʣʮʦʦ ʙʘʡʚʯ ʰʫʫʜ ʜʘʚʭʮʘʣʛװʡ ʙʘʡʛʘʘ ʥʴ ʦʨʯʥʳ ʥᴇʭʮᴇʣ, ʙʦʨʦʦ, ʩʘʣʭʠ ʟʵʨʵʛ 

ʭװʯʠʥ ʟװʡʣʵʵʨ ʟᴇᴇʚᴇʨʣᴇʛʜᴇʥ ʪʘʨʭʩʥʳʛ ʠʣʪʛʵʞ ʙʘʡʥʘ.  

4. ʍᴇʨʩᴇʥʜ ʘʛʫʫʣʘʛʜʘʭ ʭװʥʜ ʤʝʪʘʣʣʫʫʜʳʥ ʘʛʫʫʣʛʘʘʩ װװʜʵʣʪʵʡ ʭʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ 

ʙʦʣʦʥ ʭʘʚʜʨʳʥ ʵʨʩʜʵʣ ʥʴ ʭװװʭʜװװʜʵʜ ʭʘʨʴʮʫʫʣʘʭ ʭʵʤʞʵʵʥʵʵʩ ʜʘʚʩʘʥ ʙʘʡʥʘ. 

ʅʘʩʘʥʜ ʭװʨʵʛʯʜʠʡʥ ʭʫʚʴʜ ʦʜʦʦʛʦʦʨ ʥʠʡʪ ʮʵʛװװʜʠʡʥ ʠʭʵʥʭʵʜ ʭʦʨʪ ʭʘʚʜʨʳʥ ʙʫʩ 

ʵʨʩʜʵʣ ʠʣʨʵʵʛװʡ ʙᴇʛᴇᴇʜ ILCR ʙʫʶʫ ʭʦʨʪ ʭʘʚʜʘʨ װװʩʛʵʭ ʵʨʩʜʵʣ ʜʠʡʣʵʥʭʠ ʮʵʛʪ ʙʘʛʘ 

ʪװʚʰʠʥʜ ʙʘʡʛʘʘ ʙʦʣʦʚʯ ɹʘʷʥʟװʨʭ, ʍʘʥ-ʋʫʣ, ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ, ɹʘʛʘʭʘʥʛʘʡ, 
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ʏʠʥʛʵʣʪʵʡ ʜװװʨʛʠʡʥ ʪʦʜʦʨʭʦʡ ʮʵʛװװʜʵʜ ʭʦʨʪ ʭʘʚʜʨʳʥ ʵʨʩʜʵʣ ʥʵʤʵʛʜʵʭ 

ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ. ʗʣʘʥʛʫʷʘ ʟʘʨʠʤ ʮʵʛʪ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʵʵʩ ʜʘʚʩʘʥ 

ʘʛʫʫʣʛʘʪʘʡ ʭװʥʮʵʣ, ʭʘʨ ʪʫʛʘʣʛʘ, ʢʘʜʤʠ, ʭʨʦʤ ʟʵʨʵʛ ʭװʥʜ ʤʝʪʘʣʣʫʫʜ ʥʴ ʙᴇᴇʨ, ʵʣʵʛ, 

ʤʵʜʨʵʣʠʡʥ ʪʦʛʪʦʣʮʦʦ, ʷʩ, ʥᴇʭᴇʥ װʨʞʠʭװʡʜ ʭʫʨʠʤʪʣʘʛʜʘʞ, ʘʨʭʘʛ ᴇʚʯʠʥ װװʩʛʵʭ, ʤᴇʥ 

ʭʘʚʜʨʳʥ ʵʨʩʜʵʣʠʡʛ ʥʵʤʵʛʜװװʣʵʭ ʤʘʛʘʜʣʘʣʪʘʡ ʙʘʡʜʘʛ. ʉʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʜ ʭװʥ 

ʘʤʳʥ ʭʦʨʪ ʭʘʚʜʨʳʥ ᴇʚʯʣᴇʣ ᴇʥʜᴇʨʪʵʡ ʜװװʨʛװװʜ ʥʴ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʦʣ 

ʠʣʵʨʩʵʥ ʙװʩװװʜʪʵʡ ʜʘʚʭʮʘʞ ʙʘʡʛʘʘ ʥʴ ʘʥʭʘʘʨʘʣ ʪʘʪʘʞ ʙʘʡʥʘ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ ʭʦʨʪ 

ʭʘʚʜʨʳʥ ʙʦʣʦʥ ʭʘʚʜʨʳʥ ʙʫʩ ʵʨʩʜʵʣ ʥʴ ʪʫʭʘʡʥ ʭװʥʠʡ ᴇʨʪᴇʞ ʙʫʡ ʪʫʥ ʭʵʤʞʵʵ, 

ᴇʨʪᴇʣʪʠʡʥ ʭʫʛʘʮʘʘ, ʙʠʝʠʡʥ ʞʠʥ, ʵʨװװʣ ʤʵʥʜʠʡʥ ʙʘʡʜʘʣ ʙʦʣʦʥ ʙʫʩʘʜ ʭװʯʠʥ 

ʟװʡʣʵʵʩ ʰʫʫʜ ʭʘʤʘʘʨʜʘʛ ʪʫʣ ʵʨʩʜʣʠʡʛ װʥʵʣʵʭ, ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ ʘʨʛʘ ʭʵʤʞʵʵʛ 

ʦʥʦʚʯʪʦʡ ʪᴇʣᴇʚʣᴇʭᴇʜ ʵʜʛʵʵʨ ʭװʯʠʥ ʟװʡʣʠʡʛ ʘʥʭʘʘʨʘʭ ʥʴ ʯʫʭʘʣ ʶʤ. 

5. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩʥʠʡ ʜʵʵʞʠʡʥ ʜʠʡʣʵʥʭ ʥʴ ʮʵʚʵʨ ʘʥʛʠʣʘʣʜ ʙʘʛʪʩʘʥ ʯ 

ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ, ɹʘʷʥʟװʨʭ ʟʵʨʵʛ ʜװװʨʵʛʪ ʛʵʜʵʩʥʠʡ ʩʘʚʭʘʥʮʘʨ ʙʦʣʦʥ ʘʛʘʘʨʛװʡʪʵʥ 

ʥʷʥʛʠʡʥ ʙʘʛʘ, ʜʫʥʜ, ʠʭ ʙʦʭʠʨʜʦʣ ʠʣʵʨʩʵʥ. ʅʠʡʪ ʜʵʵʞʠʡʥ ʜʫʥʜʞʘʘʨ ʥʷʥʛʠʡʥ ʪʦʦ 

1.10Ĭ10  ï1.01Ĭ10  ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ, ʜʫʥʜʞʘʘʨ 7.69Ĭ10  ʙʘʡʛʘʘ ʙʦʣ E. coli 

Ó0.0001ï1.0 (ʜʫʥʜʞʘʘʨ 0.088), Cl. perfringens Ó0.01ï0.1 (ʜʫʥʜʞʘʘʨ 0.096) ʙʘʡʥʘ. 

MNS 3297:2019 ʩʪʘʥʜʘʨʪʳʥ ʜʘʛʫʫ E. coli 18.1%, Cl. perfringens 4.3% ʥʴ 

ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʜʵʵʜ ʭʵʤʞʵʵʥʵʵʩ ʜʘʚʩʘʥ ʙʘʡʥʘ. ʍʵʜʠʡʛʵʵʨ ʠʭʵʥʭ ʮʵʛʪ ʥʷʥʛʠʡʥ 

ʙʦʭʠʨʜʦʣ ʙʘʛʘ ʪװʚʰʠʥʜ ʙʘʡʛʘʘ ʯ ʜʫʣʘʘʥʳ ʫʣʠʨʘʣʜ ʠʜʵʚʭʞʠʞ, ʥװʭʵʥ ʞʦʨʣʦʥʛʠʡʥ 

ʥʷʛʪʨʘʣ, ʛʘʟʨʳʥ ʭʵʚʛʠʡ, ʥʘʣʫʫ ʟʵʨʵʛʪ ʭʘʤʘʘʨʘʥ ʭʘʨʴʮʘʥʛʫʡ ʪʦʛʪʚʦʨʛװʡ ʙʘʡʥʘ. 

6. ʕʨװװʣ ʤʵʥʜʠʡʥ ʥᴇʣᴇᴇʣʣʠʡʥ ʤʘʪʨʠʮʘʘʨ װʥʵʣʵʭʵʜ ɹʘʷʥʟװʨʭ, ʍʘʥ-ʋʫʣ ʜװװʨʛʠʡʥ 

ʟʘʨʠʤ ʭʦʨʦʦʜʳʥ ʭᴇʨʩʥʠʡ ʭװʥʜ ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʦʣ ʥʴ ʥʦʮʪʦʡ ʪװʚʰʠʥʜ, 

ʉʦʥʛʠʥʦʭʘʡʨʭʘʥ, ʏʠʥʛʵʣʪʵʡ ʜװװʨʵʛʪ ʜʫʥʜ ʪװʚʰʠʥʜ װʥʵʣʵʛʜʵʚ. ɹʘʛʘʭʘʥʛʘʡ 

ʜװװʨʛʠʡʥ ʙʦʭʠʨʜʦʣ ʭʘʨʴʮʘʥʛʫʡ ʙʘʛʘ ʥᴇʣᴇᴇʣᴇʣʪʵʡ ʙʘʡʚ.   

7. ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʛ װʥʵʣʵʭ, ʵʨʩʜʵʣʠʡʛ ʙʫʫʨʫʫʣʘʭʘʜ ʭװʥʜ 

ʤʝʪʘʣʣʳʥ ʙʦʭʠʨʜʣʳʛ ʵʭ װװʩʚʵʨʠʡʥ ʜʘʛʫʫ ʪᴇʚʣᴇʨװװʣʵʥ ʭʷʥʘʣʪ ʪʘʚʠʭ, ʥʷʥʛʠʡʥ 

ʙʦʭʠʨʜʣʳʛ ʪʘʨʭʘʣʪʳʥ ʦʥʮʣʦʛ, ʫʣʠʨʣʳʥ ᴇᴇʨʯʣᴇʣʪᴇʜ װʥʜʵʩʣʵʥ ʦʣʦʥ ʮʵʛ, ʦʣʦʥ 

ʫʜʘʘʛʠʡʥ ʤʦʥʠʪʦʨʠʥʛ ʭʠʡʭ ʟʘʤʘʘʨ ʫʨʪ ʭʫʛʘʮʘʘʥʜ ʰʠʥʞʣʵʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʥʘ. 

ʕʥʵ ʥʴ ʭװʥʠʡ ʵʨװװʣ ʤʵʥʜ, ʷʣʘʥʛʫʷʘ ʭװװʭʵʜ, ʵʤʟʵʛ ʙװʣʛʠʡʥ ʭװʥ ʘʤʳʥ ʵʨʩʜʵʣʠʡʛ 

ʙʫʫʨʫʫʣʘʭʘʜ ʯʫʭʘʣ ʤʵʜʵʵʣʵʣ, װʥʜʵʩ ʩʫʫʨʴ ʙʦʣʥʦ. 
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ʉɸʅɸʃ ɹɸ ɿᴆɺʃᴆʄɾ   

ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʛʦʣ װʟװװʣʵʣʪ ʙʦʣʦʭ ʭװʥʜ ʤʝʪʘʣʣʫʫʜ ʥʴ ʟʘʜʨʘʣʛװʡ, ʭᴇʨʩᴇʥʜ 

ʫʜʘʘʥ ʭʫʛʘʮʘʘʛʘʘʨ ʭʫʨʠʤʪʣʘʛʜʜʘʛ ʙᴇʛᴇᴇʜ ʫʨʛʘʤʘʣ, ʫʩ, ʭװʥ ʘʤʜ ʜʘʤʞʠʥ ʩᴇʨᴇʛ ʥᴇʣᴇᴇ 

 ʥʠʡ ʙʠʝʜװʥʜ ʤʝʪʘʣʣʫʫʜ ʭװʣʜʵʛ. ʆʣʦʥ ʫʣʩʳʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʵʜʛʵʵʨ ʭװװʟװ

ʭʫʨʠʤʪʣʘʛʜʩʘʥʘʘʨ ʤʦʣʝʢʫʣ ʙʦʣʦʥ ʛʝʥʠʡʥ ʪװʚʰʠʥʜ ʭʦʨʜʫʫʣʞ, ʘʨʭʘʛ ᴇʚʯʠʥ, ʵʨװװʣ 

ʤʵʥʜʠʡʥ ʵʨʩʜʵʣʠʡʛ ʥʵʤʵʛʜװװʣʜʵʛ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʩʦʥ. ʄᴇʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ ʥʴ ʛʵʜʵʩʥʠʡ 

ʭʘʣʜʚʘʨ, ʛʝʣʴʤʠʥʪʠʡʥ ᴇʚʯʣᴇʣʠʡʥ ʵʨʩʜʵʣʠʡʛ ʥʵʤʵʛʜװװʣʜʵʛ ʙᴇʛᴇᴇʜ ʭװװʭʵʜ, ʵʤʟʵʛ ʙװʣʛʠʡʥ 

ʭװʥ ʘʤʜ ʠʣװװ ʭװʯʪʵʡ ʥᴇʣᴇᴇʣʜᴇʛ. ʊʠʡʤʵʵʩ ʭװʥ ʘʤʳʥ ʵʨװװʣ ʤʵʥʜʠʡʛ ʭʘʤʛʘʘʣʘʭ, ᴇʚʯʣᴇʣᴇᴇʩ 

ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭʵʜ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʛ ʙʫʫʨʫʫʣʘʭ, ʦʨʯʥʳ ʘʨʠʫʥ ʮʵʚʨʠʡʥ ʥᴇʭʮᴇʣʠʡʛ 

ʩʘʡʞʨʫʫʣʘʭ, ʭʫʫʣʴ ʵʨʭ ʟװʡʥ ʟʦʭʠʮʫʫʣʘʣʪʳʛ ʭʵʨʵʛʞװװʣʵʭ, ʠʨʛʵʜʠʡʥ ʵʨװװʣ ʤʵʥʜʠʡʥ 

ʙʦʣʦʚʩʨʦʣʳʛ ʜʵʵʰʣװװʣʵʭ ʥʴ ʯʫʭʘʣ ʙʘʡʥʘ. װתʥʠʡ ʪʫʣʜ ʜʘʨʘʘʭ ʘʨʛʘ ʭʵʤʞʵʵʛ װʝ 

ʰʘʪʪʘʡʛʘʘʨ ʭʵʨʵʛʞװװʣʵʭ ʭʵʨʵʛʪʵʡ.  

1. ɹʘʡʥʛʳʥ ʩʫʜʘʣʛʘʘ, ʤʦʥʠʪʦʨʠʥʛ ʭʠʡʭ:  

¶ ʍʦʪʳʥ ʭʵʤʞʵʵʥʜ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʪʦʛʪʤʦʣ ʤʦʥʠʪʦʨʠʥʛ, ʰʠʥʞʠʣʛʵʵʛ 

ʭʠʡʞ ʪᴇʚʣᴇʨʩᴇʥ ʤʵʜʵʵʣʣʠʡʥ ʩʠʩʪʝʤʜ ʙװʨʪʛʵʭ;  

¶ ʉʫʫʨʴʰʣʳʥ ʙװʩʠʡʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʙʘʡʥʛʳʥ װʥʵʣʛʵʵ ʭʠʡʞ, ʵʨʩʜʵʣ, 

ʥᴇʣᴇᴇʣʣʠʡʛ ʪʦʛʪʤʦʣ ʪʦʦʮʦʦʣʦʭ.  

 ʭʵʥ ʞʦʨʣʦʥ, ʭʦʛʳʥ ʮʵʛ ʟʵʨʵʛװʛʵʵʭ ʩʪʘʥʮ, ʥװʡʣʜʚʵʨ, ʘʚʪʦ ʟʘʤ, ʰʘʪʘʭʫʫʥ ʪת ¶

ʙʦʭʠʨʜʣʳʥ ʙʦʣʦʤʞʠʪ ʵʭ װװʩʚʵʨװװʜ ʦʨʯʤʦʦʩ ʥʵʤʵʣʪ ʰʠʥʞʠʣʛʵʵ ʭʠʡʞ ʭװʥʜ 

ʤʝʪʘʣʣʳʥ ʙʦʣʦʥ ʥʷʥʛʠʡʥ ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨʠʡʛ ʫʨʪ ʭʫʛʘʮʘʘʥʳ 

ʰʠʥʞʠʣʛʵʵʥʜ װʥʜʵʩʣʵʥ ʥʘʨʠʡʚʯʣʘʥ ʪʦʛʪʦʦʭ. 

2. ɹʦʭʠʨʜʦʣ ʠʣʵʨʩʵʥ ʭᴇʨʩʠʡʛ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ, ʭʘʤʛʘʘʣʘʭ ʘʨʛʘ ʭʵʤʞʵʵ: 

¶ ʍװʥʜ ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʘʤʞ ᴇʥʜᴇʨʪʵʡ ʙװʩʵʜ ʭᴇʨʩʥʠʡ ʮʵʚʵʨʰװװʣʵʣʪ ʭʠʡʭ, 

ʙʦʭʠʨʜʣʳʛ ʰʠʥʛʵʵʞ ʘʚʜʘʛ ʫʨʛʘʤʘʣ (ʬʠʪʦʨʝʤʝʜʠʘʮʠ) ʪʘʨʠʭ. 

¶ ʕʨʩʜʵʣ ᴇʥʜᴇʨ ʙװʩ ʥʫʪʛʫʫʜʘʜ (ʞʠʰʵʵ ʥʴ: ɹʘʷʥʟװʨʭ 11, 31-ʨ ʭʦʨʦʦ; ʍʘʥ-ʋʫʣ 

13, 20-ʨ ʭʦʨʦʦ; ʉʍɼ 21-ʨ ʭʦʨʦʦ; ʏɼ 7-ʨ ʭʦʨʦʦ) ʭᴇʨʩʥʠʡ ʥᴇʭᴇʥ ʩʵʨʛʵʵʭ, 

ʘʨʠʫʥ ʮʵʚʨʠʡʥ ʜʵʜ ʙװʪʵʮ ʙʠʡ ʙʦʣʛʦʭ, ʭװװʭʜʵʜ ʯʠʛʣʵʩʵʥ ʭʘʤʛʘʘʣʘʣʪʳʥ ʘʨʛʘ 

ʭʵʤʞʵʵʛ ʪװʨװװʣʞ ʭʵʨʵʛʞװװʣʵʭ.  

3. ʆʣʦʥ ʥʠʡʪʠʡʥ ʙʦʣʦʚʩʨʦʣ, ʤʵʜʣʵʛʠʡʛ ʜʵʵʰʣװװʣʵʭ: 

¶ ʍװװʭʵʜ, ʵʮʵʛ ʵʭ, ʙʘʛʰ ʥʘʨʪ ʟʦʨʠʫʣʩʘʥ ʭᴇʨʩʥʠʡ ʙʦʭʠʨʜʣʳʥ ʵʨʩʜʵʣ, ʘʨʠʫʥ 

ʮʵʚʨʠʡʥ ʜʘʜʘʣ ʭʵʚʰװװʣʵʭ ʩʫʨʛʘʣʪ, ʩʫʨʪʘʣʯʠʣʛʘʘʛ ʷʚʫʫʣʘʭ. 

¶ ʀʨʛʵʜʵʜ ʙʦʭʠʨʜʩʦʥ ʭᴇʨʩ, ʙʦʭʠʨʜʣʳʥ ʵʭ װװʩʚʵʨʵʵʩ ʭʵʨʭʵʥ ʫʨʴʜʯʠʣʘʥ 

ʩʵʨʛʠʡʣʵʭ, ʭʘʤʛʘʘʣʘʭ ʪʘʣʘʘʨ ʤʵʜʵʵʣʵʣ ᴇʛᴇʭ. 

4. ʍʫʫʣʴ ʵʨʭ ʟװʡʥ ʟʦʭʠʮʫʫʣʘʣʪ: 

¶ ʍᴇʨʩʥʠʡ ʙʦʭʠʨʜʦʣ װװʩʛʵʞ ʙʫʡ װʡʣ ʘʞʠʣʣʘʛʘʘʥʜ ʭʷʥʘʣʪ ʪʘʚʠʭ, ʪʦʨʛʫʫʣʴ, 

ʰʠʡʪʛʵʣ, ʟᴇʚʣᴇʤʞʠʡʥ ʪʦʛʪʦʣʮʦʦʛ ʙʦʣʦʚʩʨʦʥʛʫʡ ʙʦʣʛʦʭ. 
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¶ ʍʦʛ ʭʘʷʛʜʘʣ, ʙʦʭʠʨ ʫʩ, װʡʣʜʚʵʨʠʡʥ ʭʘʷʛʜʣʳʛ ʟᴇʚ ʟʦʭʠʩʪʦʡ ʮʵʛʪ ʭʘʜʛʘʣʘʭ, 

ʙʦʣʦʚʩʨʫʫʣʘʭ ʩʪʘʥʜʘʨʪ, ʞʫʨʤʳʛ ʤᴇʨʜװװʣʵʭ. 

¶ ʍװʥʜ ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʘʤʞʪʘʡ ʙװʪʵʵʛʜʵʭװװʥ, ʭʦʛ ʭʘʷʛʜʣʳʛ ʟʦʭʠʩʪʦʡ 

ʘʰʠʛʣʘʭ, ʜʘʭʠʥ ʙʦʣʦʚʩʨʫʫʣʘʭ, ʭʘʜʛʘʣʘʭ ʞʫʨʘʤ ʙʦʣʦʚʩʨʫʫʣʞ ʭʵʨʵʛʞװװʣʵʭ. 

ʭʷʥʘʣʪ ʰʘʣʛʘʣʪʳʛ ʵʨʯʠʤʞװװʣʵʭ. 

 :ʥʵʣʵʭװ ,ʥʛ ʪʦʦʮʦʭװʨ ʜת .5

¶ ʍʵʨʵʛʞװװʣʩʵʥ ʘʨʛʘ ʭʵʤʞʵʵ, ʟᴇʚʣᴇʤʞʠʡʥ װʨ ʥᴇʣᴇᴇʛ ʞʠʣ ʙװʨ װʥʵʣʞ, װʨ ʜװʥʛ 

ʥʴ ʦʣʦʥ ʥʠʡʪʵʜ ʤʵʜʵʵʣʵʭ. 

¶ ʐʠʥʵ ʵʨʩʜʵʣ װװʩʩʵʥ ʵʩʚʵʣ װװʩʵʭ ʤʘʛʘʜʣʘʣʪʘʡ ʙװʩʵʜ ʥʵʤʵʣʪ ʘʨʛʘ ʭʵʤʞʵʵ 

ʪᴇʣᴇʚʣᴇʭ.  
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ʍɸɺʉʈɸʃʊ 

ɹʦʭʠʨʜʣʳʥ ʮʘʨ ʭװʨʵʵʥʠʡ ʟʫʨʘʛʣʘʣ  

 

ɿʫʨʘʛ ɸ1. ʍᴇʨʩᴇʥʜ ʭװʥʮʵʣ, ʭʘʨʪʫʛʘʣʛʳʥ (As, Pb) ʙʦʭʠʨʜʦʣʪʦʡ ʛʵʨ ʭʦʨʦʦʣʣʳʥ ʙװʩʠʡʥ ʮʵʛ,  

ɹʘʷʥʟװʨʭ ʜװװʨʵʛ, 31-ʨ ʭʦʨʦʦ, 500 ʤʝʪʨ ʜʦʪʦʨ ʛʵʨ ʭʦʨʦʦʣʦʣ, ʘʡʣ ᴇʨʭ 
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ɿʫʨʘʛ ɸ2. ʍᴇʨʩᴇʥʜ ʭʘʨʪʫʛʘʣʛʳʥ (Pb) ʙʦʭʠʨʜʦʣʪʦʡ  ɸʚʪʦ ʟʘʤʳʥ ʜʘʛʫʫʭ ʮʵʛ, ɹʘʷʥʟװʨʭ ʜװװʨʵʛ, 41-ʨ ʭʦʨʦʦ 

500 ʤʝʪʨ ʜʦʪʦʨ ɸʚʪʦ ʟʘʚʩʘʨ, ʦʨʰʫʫʣʛʳʥ ʛʘʟʘʨ, ʦʨʦʥ ʩʫʫʮʥʳ ʙװʩ, ʘʚʪʦ ʫʛʘʘʣʛʘ, ʛʵʨ ʭʦʨʦʦʣʦʣ 



 

59 
 

 

ɿʫʨʘʛ ɸ3. ʍᴇʨʩᴇʥʜ ʭװʥʮʵʣ, ʭʘʨʪʫʛʘʣʛʳʥ (As, Pb) ʙʦʭʠʨʜʦʣʪʦʡ  װʡʣʜʚʵʨʠʡʥ ʦʡʨʦʣʮʦʦʭ ʮʵʛ, ɹʘʷʥʟװʨʭ ʜװװʨʵʛ, 11-ʨ 

ʭʦʨʦʦ 

500 ʤʝʪʨ ʜʦʪʦʨ ɾʠʞʠʛ װʡʣʜʚʵʨʠʡʥ ʙʘʡʨ ʵʩʚʵʣ ʘʛʫʫʣʘʭ, ʭʦʥʭʨʳʥ ʥʫʫʨʳʥ ʦʡʨʦʣʮʦʦ,  
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ɿʫʨʘʛ ɸ4. ʍᴇʨʩᴇʥʜ ʭװʥʮʣʠʡʥ (As) ʙʦʭʠʨʜʦʣʪʦʡ ʟʘʤ ʜʘʛʫʫʭ ʮʵʛ, ɹʘʷʥʟװʨʭ ʜװװʨʵʛ, 11-ʨ ʭʦʨʦʦ, ɹʦʛʜ ʫʫʣʳʥ ʟʘʤ ʜʘʛʫʫ 

 500 ʤʝʪʨ ʜʦʪʦʨ ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞ ʙʘʡʭʛװʡ 
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ɿʫʨʘʛ ɸ5. ʍᴇʨʩᴇʥʜ ʢʘʜʤʠ, ʭʨʦʤ, ʭʘʨʪʫʛʘʣʛʳʥ (Cd, Cr, Pb) ʙʦʭʠʨʜʦʣʪʦʡ װʡʣʜʚʵʨ ʭʫʜʘʣʜʘʘʥʳ ʦʡʨʦʣʮʦʦʭ ʮʵʛ,  

 ʍʘʥ-ʋʫʣ, 20-ʨ ʭʦʨʦʦ, ʄʠʰʵʵʣ ʵʢʩʧʦʛʠʡʥ ʭʘʞʫʫʜ 

500 ʤʝʪʨ ʜʦʪʦʨ ɸʛʫʫʣʘʭʳʥ ʟʦʨʠʫʣʘʣʪʪʘʡ ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞ, ʦʨʦʥ ʩʫʫʮʥʳ ʭʦʨʦʦʣʦʣ 


