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ȼɍɄɈɆȺɇɈȼɂȶ1, Mɢɥɢɰɚ�ȼɊȺɇȿɒȿȼɂȶ1��Ɇɢɨɞɪɚɝ�ɊȺȾɂɇɈȼɂȶ1, 

Ɇɢɯɚʁɥɨ�ȿɊȾȿȴȺɇ1��Ȼɪɚɧɢɫɥɚɜɚ�ɅȺɄɂȶ1 

 

1 ɍɧɢɜɟɪɡɢɬɟɬ�ɭ�ɇɨɜɨɦ�ɋɚɞɭ��ɉɨʂɨɩɪɢɜɪɟɞɧɢ�ɮɚɤɭɥɬɟɬ��ɇɨɜɢ�ɋɚɞ��Ɋɟɩɭɛɥɢɤɚ�ɋɪɛɢʁɚ 
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ɋɚɠɟɬɚɤ 
ɍ�ɩɨɫɥɟɞʃɢɯ� ɧɟɤɨɥɢɤɨ� ɞɟɰɟɧɢʁɚ� ɚɪɫɟɧ� ɢ�ʃɟɝɨɜɚ� ʁɟɞɢʃɟʃɚ� ɫɜɪɫɬɚɜɚʁɭ� ɫɟ� ɭ� ɜɟɥɢɤɟ�
ɡɚɝɚɻɢɜɚɱɟ�ɨɤɨɥɢɧɟ�ɢ�ɫɚɦɢɦ�ɬɢɦ�ɩɨɬɟɧɰɢʁɚɥɧɟ�ɭɡɪɨɱɧɢɤɟ�ɬɪɨɜɚʃɚ�ɤɚɤɨ�ʂɭɞɢ��ɬɚɤɨ�
ɢ�ɠɢɜɨɬɢʃɚ��ȼɨɞɚ� ɢ�ɦɥɟɤɨ� ɩɪɟɞɫɬɚɜʂɚʁɭ� ʁɟɞɧɟ� ɨɞ� ɝɥɚɜɧɢɯ� ɢɡɜɨɪɚ� ɚɪɫɟɧɚ��ɍ� ɨɜɨɦ�
ɢɫɬɪɚɠɢɜɚʃɭ�ɩɨɫɦɚɬɪɚɧ�ʁɟ�ɭɬɢɰɚʁ ɚɪɫɟɧɚ�ɢɡ�ɜɨɞɟ�ɡɚ�ɩɢʄɟ�ɧɚ�ɤɨɧɰɟɧɬɪɚɰɢʁɭ�ɚɪɫɟɧɚ�ɭ 
ɦɥɟɤɭ ɤɪɚɜɚ��ɤɚɨ�ɢ�ɭɬɢɰɚʁ�ɚɪɫɟɧɚ�ɧɚ�ɩɚɪɟɧɯɢɦ�ɜɢɦɟɧɚ��ɂɫɬɪɚɠɢɜɚʃɟɦ�ʁɟ�ɨɛɭɯɜɚʄɟɧɨ�
ɩɨ�ɞɜɚɞɟɫɟɬ ɤɪɚɜɚ�ɫɚ�ɲɟɫɬ ɮɚɪɦɢ�ɭ�Ȼɚɧɚɬɭ��Ʉɪɚɜɟ�ɨɞ�ɤɨʁɢɯ�ɫɭ�ɭɡɟɬɢ�ɭɡɨɪɰɢ�ɤɪɜɢ�ɢ�
ɦɥɟɤɚ�ɭ�ɨɜɨɦ�ɢɫɬɪɚɠɢɜɚʃɭ�ɛɢɥɟ�ɫɭ�ɭ�ɞɨɛɪɨʁ�ɤɨɧɞɢɰɢʁɢ�ɢ�ɤɥɢɧɢɱɤɢ�ɡɞɪɚɜɟ��ɍɨɱɟɧɚ�
ʁɟ� ɫɬɚɬɢɫɬɢɱɤɢ� ɡɧɚɱɚʁɧɚ�ɩɨɡɢɬɢɜɧɚ� ʁɚɤɚ� ɤɨɪɟɥɚɰɢʁɚ� �r=0.541 p ������� ɤɨɰɟɧɬɪɚɰɢʁɟ�
ɚɪɫɟɧɚ�ɭ�ɜɨɞɢ�ɡɚ�ɧɚɩɚʁɚʃɟ�ɤɪɚɜɚ ɢ ɭ ɦɥɟɤɭ ɤɪɚɜɚ�ɧɚ�ɫɜɢɦ�ɮɚɪɦɚɦɚ��ɍɥɬɪɚɡɜɭɱɧɢɦ�
ɩɪɟɝɥɟɞɨɦ�ɜɢɦɟɧɚ�ɤɪɚɜɚ�ɭɨɱɟɧɟ�ɫɭ�ɩɪɨɦɟɧɟ ɭ�ɩɚɪɟɧɯɢɦɭ ɤɨɞ��������ɤɪɚɜɚ��Ɂɧɚɱɚʁɚɧ�
ɭɬɢɰɚʁ� ɚɪɫɟɧɚ� ɢɡ� ɜɨɞɟ� ɡɚ� ɧɚɩɚʁɚʃɟ� ɤɪɚɜɚ ɢ� ɚɪɫɟɧɚ ɭ� ɦɥɟɤɭ� ɦɨɝɭ� ɢɦɚɬɢ� ɧɟɝɚɬɢɜɚɧ�
ɭɬɢɰɚʁ�ɧɚ�ɡɞɪɚɜʂɟ�ɤɪɚɜɚ�ɢ�ɦɨɝɭ�ɞɨɜɟɫɬɢ�ɞɨ�ɧɚɫɬɚɧɤɚ�ɩɚɬɨɥɨɲɤɢɯ�ɩɪɨɦɟɧɚ�ɭ�ɜɢɦɟɧɭ� 
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ɍȼɈȾ 
ɂɚɤɨ� ʁɟ� ɭ� ɩɪɨɲɥɨɫɬɢ� ɤɨɪɢɲʄɟɧ� ɤɚɨ� ɨɬɪɨɜ�� ɭ�XXI ɜɟɤɭ� ɚɪɫɟɧ� ʁɟ� ɩɨɫɬɚɨ� ɝɥɨɛɚɥɧɢ�
ɩɪɨɛɥɟɦ� ɩɪɟɜɚɫɯɨɞɧɨ� ɭɫɥɟɞ� ɡɚɝɚɻɟʃɚ� ɜɨɞɟ� ɡɚ� ɩɢʄɟ�� ɉɪɨɰɟʃɭʁɟ� ɫɟ� ɞɚ� ʁɟ� ɨɤɨ� ����
ɦɢɥɢɨɧɚ� ʂɭɞɢ� ɢɡɥɨɠɟɧɨ� ɜɨɞɨɦ� ɤɨɧɬɚɦɢɧɢɪɚɧɨɦ� ɚɪɫɟɧɨɦ (-DQJ� ɢ� ɫɚɪ��� ����). 
ɇɚʁɜɟʄɢ�ɩɪɨɛɥɟɦ�ɥɟɠɢ�ɭ�ɱɢʃɟɧɢɰɢ�ɞɚ�ɫɭ�ɚɪɫɟɧ�ɢ�ʃɟɝɨɜɚ�ʁɟɞɢʃɟʃɚ�ɤɚɧɰɟɪɨɝɟɧɢ�ɡɚ�
ʂɭɞɟ�� ɂɡɥɨɠɟɧɨɫɬ� ʂɭɞɢ� ɨɜɨɦ� ɟɥɟɦɟɧɬɭ� ɩɨɜɟɡɚɧɚ� ʁɟ� ɫɚ� ɤɚɪɞɢɨɜɚɫɤɭɥɚɪɧɢɦ�
ɛɨɥɟɫɬɢɦɚ�� ɪɚɡɜɨʁɧɢɦ� ɚɧɨɦɚɥɢʁɚɦɚ�� ɧɟɭɪɨɥɨɲɤɢɦ� ɢ� ɧɟɭɪɨɛɢɯɟɜɢɨɪɨɥɨɲɤɢɦ�
ɩɨɪɟɦɟʄɚʁɢɦɚ�� ɞɢʁɚɛɟɬɟɫɨɦ�� ɝɭɛɢɬɤɨɦ� ɫɥɭɯɚ�� ɩɨɪɬɚɥɧɨɦ�ɮɢɛɪɨɡɨɦ�� ɯɟɦɚɬɨɥɨɲɤɢɦ�
ɩɨɪɟɦɟʄɚʁɢɦɚ� �ɚɧɟɦɢʁɚ�� ɥɟɭɤɨɩɟɧɢʁɚ� ɢ� ɟɨɡɢɧɨɮɢɥɢʁɚ�� ɢ� ɦɧɨɝɨɛɪɨʁɧɢɦ� ɤɚɧɰɟɪɢɦɚ�
ɤɚɨ�ɲɬɨ�ɫɭ�ɤɚɧɰɟɪɢ�ɤɨɠɟ��ɩɥɭʄɚ��ɦɨɤɪɚʄɧɟ�ɛɟɲɢɤɟ��ɛɭɛɪɟɝɚ�ɢ�ɤɨɥɨɧɚ �7FKRXQZRX�ɢ�
ɫɚɪ��������. 
ɇɢɲɬɚ�ɦɚʃɚ�ɧɢʁɟ�ɢɡɥɨɠɟɧɨɫɬ�ɠɢɜɨɬɢʃɚ�ɨɜɨɦ�ɦɟɬɚɥɨɢɞɭ��ɇɟɤɢ�ɨɞ�ɡɧɚɤɨɜɚ�ɚɤɭɬɧɟ�
ɬɨɤɫɢɤɨɡɟ� ɫɭ� ɢɧɬɟɧɡɢɜɧɢ� ɚɛɞɨɦɢɧɚɥɧɢ� ɛɨɥ�� ɩɨɜɪɚʄɚʃɟ�� ɞɢʁɚɪɟʁɚ�� ɫɥɚɛɨɫɬ��
ɧɟɫɬɚɛɢɥɚɧ�ɯɨɞ��ɯɢɩɨɞɟɪɦɢʁɚ�ɢ�ɫɦɪɬ (NRC, 2005)��ɉɨɪɟɞ�ɧɟɝɚɬɢɜɧɨɝ�ɭɬɢɰɚʁɚ�ɚɪɫɟɧɚ�
ɧɚ�ɡɞɪɚɜʂɟ�ɤɪɚɜɚ��ɩɪɨɛɥɟɦ�ʁɟ�ɲɬɨ�ɨɜɚʁ�ɦɟɬɚɥɨɢɞ ɞɨɜɨɞɢ�ɞɨ�ɤɨɧɬɚɦɢɧɚɰɢʁɟ�ɦɥɟɤɚ��ɍ�
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ɨɤɜɢɪɭ�ɢɫɬɪɚɠɢɜɚʃɚ�ɨɞ�ɫɬɪɚɧɟ�European Food Safety Authority (EFSA, 2014) ɦɥɟɤɨ�ɢ�
ɦɥɟɱɧɢ�ɩɪɨɢɡɜɨɞɢ�ɩɪɟɞɫɬɚɜʂɚʁɭ�ɝɥɚɜɧɢ�ɢɡɜɨɪ�ɢɧɬɨɤɫɢɤɚɰɢʁɟ�ɚɪɫɟɧɨɦ�ɤɨɞ�ɟɜɪɨɩɫɤɟ�
ɞɟɰɟ�ɞɨ���ɝɨɞɢɧɟ�ɫɬɚɪɨɫɬɢ�� 
ɉɪɟɦɚ� ɉɪɚɜɢɥɧɢɤɭ� ɨ� ɤɨɥɢɱɢɧɚɦɚ� ɩɟɫɬɢɰɢɞɚ�� ɦɟɬɚɥɚ� ɢ� ɦɟɬɚɥɨɢɞɚ� ɢ� ɞɪɭɝɢɯ�
ɨɬɪɨɜɧɢɯ� ɫɭɩɫɬɚɧɰɢʁɚ�� ɯɟɦɢɨɬɟɪɚɩɟɭɬɢɤɚ�� ɚɧɚɛɨɥɢɤɚ�ɢ� ɞɪɭɝɢɯ� ɫɭɩɫɬɚɧɰɢʁɚ�ɤɨʁɟ� ɫɟ�
ɦɨɝɭ�ɧɚɥɚɡɢɬɢ�ɭ�ɧɚɦɢɪɧɢɰɚɦɚ (ɉɪɨɩɢɫ 2010; ɉɪɨɩɢɫ 1992)��ɦɚɤɫɢɦɚɥɧɚ�ɤɨɥɢɱɢɧɚ�
ɚɪɫɟɧɚ� ɭ�ɦɥɟɤɭ��ɦɚɫɥɚɰɭ�� ɬɜɪɞɨɦ� ɫɢɪɭ�ɢ� ɨɫɬɚɥɢɦ�ɦɥɟɱɧɢɦ�ɩɪɨɡɜɨɞɢɦɚ�ɢɡɧɨɫɢ�����
PJ�O��ɨɞɧɨɫɧɨ�PJ�NJ. 
ɐɢʂ� ɨɜɨɝ� ɢɫɬɪɚɠɢɜɚʃɚ� ʁɟ� ɞɚ� ɫɟ� ɭɬɜɪɞɢ� ɭɬɢɰɚʁ� ɚɪɫɟɧɚ ɢɡ� ɜɨɞɟ� ɤɨʁɨɦ� ɫɟ� ɧɚɩɚʁɚʁɭ�
ɤɪɚɜɟ, ɧɚ� ɤɨɧɰɟɬɪɚɰɢʁɭ� ɚɪɫɟɧɚ ɭ� ɦɥɟɤɭ� ɤɪɚɜɚ� ɢ� ɦɨɝɭʄɧɨɫɬ� ɩɨʁɚɜɟ ɩɪɨɦɟɧɟ� ɭ�
ɩɚɪɟɧɯɢɦɭ�ɜɢɦɟɧɚ�ɤɚɪɚɜɚ. 

 
ɆȺɌȿɊɂȳȺɅɂ ɂ�ɆȿɌɈȾȿ 

ɂɫɬɪɚɠɢɜɚʃɟ� ʁɟ� ɫɩɪɨɜɟɞɟɧɨ� ɧɚ�ɲɟɫɬ�ɮɚɪɦɢ� ɫɚ� ɬɟɪɢɬɨɪɢʁɟ Ȼɚɧɚɬɚ �Ⱥɉ�ȼɨʁɜɨɞɢɧɚ��
Ɋɟɩɭɛɥɢɤɚ� ɋɪɛɢʁɚ��� ɇɚ� ɫɜɚɤɨʁ� ɮɚɪɦɢ� ɧɚɫɭɦɢɱɧɨ� ʁɟ� ɢɡɚɛɪɚɧɨ� ɩɨ� ɞɜɚɞɟɫɟɬ ɤɪɚɜɚ��
Ʉɪɚɜɟ� ɭɤʂɭɱɟɧɟ� ɭ� ɨɜɨ� ɢɫɬɪɚɠɢɜɚʃɟ� ɫɭ� ɛɢɥɟ� ɫɬɚɪɟ� ɨɞ� ɞɜɟ� ɞɨ� ɩɟɬ ɝɨɞɢɧɚ�� ɞɨɛɪɟ�
ɤɨɧɞɢɰɢʁɟ�ɢ�ɤɥɢɧɢɱɤɢ�ɡɞɪɚɜɟ�� 
Ɉɞ� ɫɜɚɤɟ� ɤɪɚɜɟ, ɭɡɟɬɚ� ʁɟ� ɤɪɜ� ɢɡ� ɪɟɩɧɟ� ɜɟɧɟ� ɭ� ɤɨɥɢɱɢɧɢ� ɨɞ� 5 mL.  Ʉɪɜ� ʁɟ� ɭɡɟɬɚ� ɭ�
ɫɬɟɪɢɥɧɟ�ɜɚɤɭɬɚʁɧɟɪɟ�ɫɚ�ɞɨɞɚɬɤɨɦ�ȿȾɌȺ�ɭɡ�ɩɪɢɦɟɧɭ�ɩɪɢɧɰɢɩɚ�ɚɧɬɢɫɟɩɫɟ�ɢ�ɚɫɟɩɫɟ��
ɍɡɨɪɰɢ�ɦɥɟɤɚ�ɭ�ɤɨɥɢɱɢɧɢ�ɨɞ�10 mL ɫɭ�ɭɡɟɬɢ ɭ�ɩɥɚɫɬɢɱɧɟ�ɫɬɟɪɢɥɧɟ�ɛɨɱɢɰɟ, ɭ�ɬɨɤɭ�
ɩɪɜɟ� ʁɭɬɚɪʃɟ�ɦɭɠɟ��ɉɪɟ�ɫɚɦɟ�ɦɭɠɟ��ɫɢɫɟ�ɜɢɦɟɧɚ�ɤɪɚɜɚ�ɫɭ�ɨɩɪɚɧɟ ɬɨɩɥɨɦ�ɜɨɞɨɦ�ɢ�
ɩɪɟɛɪɢɫɚɧɟ�ɫɭɜɨɦ�ɱɢɫɬɨɦ�ɤɪɩɨɦ��Ɍɚɤɨɻɟ��ɫɚ�ɫɜɚɤɟ�ɮɚɪɦɟ�ʁɟ�ɭɡɟɬɨ 10 mL ɜɨɞɟ�ɤɨʁɨɦ�
ɫɭ�ɤɪɚɜɟ�ɧɚɩɚʁɚɧɟ��ȼɨɞɚ�ʁɟ�ɫɢɩɚɧɚ�ɭ�ɩɥɚɫɬɢɱɧɟ�ɫɬɟɪɢɥɧɟ�ɛɨɰɟ��ɋɜɢ�ɭɡɨɪɰɢ�ɜɨɞɟ��ɤɪɜɢ�
ɢ�ɦɥɟɤɚ�ɫɭ�ɨɛɟɥɟɠɟɧɢ�ɩɨʁɟɞɢɧɚɱɧɨ��ɨɞɥɨɠɟɧɢ ɭ�ɪɭɱɧɢ�ɮɪɢɠɢɞɟɪ�ɢ�ɬɪɚɧɫɩɨɪɬɨɜɚɧɢ 
ɭ�ɥɚɛɨɪɚɬɨɪɢʁɭ�ɧɚ�ɚɧɚɥɢɡɭ�� 
ɍ�ɭɡɨɪɰɢɦɚ ɤɪɜɢ��ɦɥɟɤɚ�ɢ�ɜɨɞɟ ʁɟ�ɢɡɦɟɪɟɧɚ�ɤɨɧɰɟɧɬɪɚɰɢʁɚ�ɚɪɫɟɧɚ�ɦɟɬɨɞɨɦ�ɚɬɨɦɫɤɟ�
ɚɩɫɨɪɩɰɢɨɧɟ�ɫɩɟɤɬɪɨɦɟɬɪɢʁɟ��ȺȺɋ���ɍ�ɩɥɚɫɬɢɱɧɟ�ɩɨɫɭɞɢɰɟ�ʁɟ�ɩɪɟɧɨɬɨ�ɩɨ���mL ɨɞ�
ɫɜɚɤɨɝ� ɩɨʁɟɞɢɧɚɱɧɨɝ� ɭɡɨɪɚɤɚ� ɤɪɜɢ�� ɦɥɟɤɚ� ɢ ɜɨɞɟ� ɢ� ɢɡɦɟɪɟɧɚ� ʁɟ� ʃɢɯɨɜɚ� ɬɟɠɢɧɫɤɚ�
ɦɚɫɚ��Ɂɚɬɢɦ�ɫɭ�ɫɟ�ɭɡɨɪɰɢ ɢɡ�ɩɥɚɫɬɢɱɧɢɯ�ɩɨɫɭɞɢɰɚ ɩɪɟɧɟɥɢ�ɭ�ɧɭɦɟɪɢɫɚɧɟ�ɤɢɜɟɬɟ�ɭɡ�
ɞɨɞɚɬɚɤ�„ɱɢɫɬɟ“ ɜɨɞɟ��ɜɨɞɚ�ɤɨʁɨʁ�ɫɭ�ɨɞɫɬɪɚʃɟɧɢ�ɬɟɲɤɢ�ɦɟɬɚɥɢ�ɢ�ɦɟɬɚɥɨɢɞɢ��ɢ�� mL 
ccHNO3�� ɋɜɚɤɚ� ɤɢɜɟɬɚ� ɫɟ� ɡɚɬɜɨɪɥɚ� ɢ� ɬɚɤɨ� ɡɚɬɜɨɪɟɧɚ� ʁɟ� ɨɫɬɚɜʂɟɧɚ� ɧɚ� ɫɨɛɧɨʁ�
ɬɟɦɩɟɪɚɬɭɪɢ� ��� ɦɢɧɭɬɚ�� ɍɡɨɪɰɢ� ɢ� ɫɥɟɩɚ� ɩɪɨɛɚ� ɫɭ� ɫɬɚɜʂɟɧɢ� ɭ� ɚɩɚɪɚɬ ICP-OES ɡɚ�
ɪɚɡɚɪɚʃɟ� ɢ� ɫɩɚʂɢɜɚʃɟ� ɭɡɨɪɚɤɚ� �ɩɨ� ɲɟɦɢ� ɨɞ� �� ɭɡɨɪɚɤɚ��� ɤɨʁɢ� ʁɟ� ɡɚɬɢɦ� ɭɤʂɭɱɟɧ�
�ɩɪɨɝɪɚɦ���. Ʉɚɞɚ�ʁɟ�ɚɩɚɪɚɬ�ɡɚɜɪɲɢɨ�ɫɚ�ɪɚɡɚɪɚʃɟɦ�ɢ�ɫɩɚʂɢɜɚʃɟɦ�ɭɡɨɪɚɤɚ� ɤɢɜɟɬɟ�ɫɭ�
ɨɫɬɚɜʂɟɧɟ�ɧɚ ɫɨɛɧɨʁ�ɬɟɦɩɟɪɚɬɭɪɢ�ɞɚ�ɫɟ�ɨɯɥɚɞɟ��ɍɡɨɪɚɤ�ɢɡ�ɤɢɜɟɬɟ�ʁɟ�ɡɚɬɢɦ�ɩɪɟɧɟɬ�ɭ�
ɫɬɚɤɥɟɧɟ�ɬɢɤɜɢɰɟ��ɤɨʁɟ�ɫɭ�ɞɨ�ɡɚɩɪɟɦɢɧɟ�ɨɞ��� mL ɞɨɩɭʃɟɧɟ�„ɱɢɫɬɨɦ“ ɜɨɞɨɦ��ɍɡɨɪɚɤ�
ɢɡ�ɬɢɤɜɢɰɚ�ʁɟ�ɡɚɬɢɦ�ɮɢɥɬɪɢɪɚɧ�ɤɪɨɡ�ɥɟɜɚɤ�ɫɚ�ɮɢɥɬɟɪ�ɯɚɪɬɢʁɨɦ�ɭ�ɨɛɨɥɟɠɟɧɟ�ɤɢɜɟɬɟ��
Ɂɚɬɢɦ� ɫɭ� ɤɢɜɟɬɟ� ɩɪɟɧɟɬɟ� ɭ� ɚɬɨɦɫɤɢ� ɚɩɫɨɪɰɢɨɧɢ� ɫɩɟɤɬɪɨɦɟɬɚɪ� ɂɧɬɟɡɢɬɟɬ� ɡɪɚɱɟʃɚ�
ɥɚɦɩɟ� ɫɚ� ɲɭɩʂɨɦ� ɤɚɬɨɞɨɦ� ɩɪɢ� ɩɪɨɥɚɫɤɭ� ɤɪɨɡ� ɚɬɨɦɫɤɭ� ɩɚɪɭ� ɭɡɨɪɤɚ� ɫɥɚɛɢ� ɭɫɥɟɞ�
ɚɩɫɨɪɩɰɢʁɟ ɨɞ�ɫɬɪɚɧɟ�ɚɬɨɦɚ�ɭɡɨɪɤɚ�ɭɡ�ɫɚɝɥɚɫɧɨɫɬ�ɫɚ�Ʌɚɦɛɟɪɬ�Ȼɟɪɨɜɢɦ�ɡɚɤɨɧɨɦ� 
ɍɥɬɪɚɡɜɭɱɧɢ�ɩɪɟɝɥɟɞ�ɜɢɦɟɧɚ�ɫɟ�ɤɨɪɢɫɬɢɨ�ɪɚɞɢ�ɭɬɜɪɻɢɜɚʃɚ�ɩɪɨɦɟɧɚ�ɭ�ɩɚɪɟɧɯɢɦɭ��
ɉɪɟ� ɫɚɦɨɝ� ɩɪɟɝɥɟɞɚ�� ɜɢɦɟ� ɤɪɚɜɚ� ɫɟ� ɨɱɢɫɬɢɥɨ� ɢ� ɨɩɪɚɥɨ� ɨɞ� ɧɟɱɢɫɬɨʄɚ�� ɚ� ɩɨɬɨɦ� ɫɟ�
ɚɩɥɢɤɨɜɚɨ�ɝɟɥ�ɡɚ�ɭɥɬɪɚɡɜɭɱɧɢ�ɩɪɟɝɥɟɞ�ɧɚ�ɭɥɬɪɚɡɜɭɱɧɭ�ɫɨɧɞɭ�ɢ�ɤɨɠɭ�ɜɢɦɟɧɚ�ɤɚɤɨ�ɛɢ�
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ɍɬɢɰɚʁ�ɚɪɫɟɧɚ�ɧɚ�ɩɚɪɟɧɯɢɦ�ɜɢɦɟɧɚ�ɤɪɚɜɚ 
 
ɫɟ� ɨɫɢɝɭɪɚɨ� ɞɨɛɚɪ� ɤɨɧɬɚɤɬ� ɢɡɦɟɻɭ� ɫɨɧɞɟ� ɢ� ɤɨɠɟ�� Ɂɚ� ɭɥɬɪɚɡɜɭɱɧɢ� ɩɪɟɝɥɟɞ� ɫɟ�
ɤɨɪɢɫɬɢɨ�ɚɩɚɪɚɬ�Esaote pie medical-falco ɢ�ɥɢɧɟɚɪɧɚ�ɫɨɧɞɚ�ɮɪɟɤɜɟɧɰɢʁɟ��-8 MHz. 
ɋɜɢ� ɞɨɛɢʁɟɧɢ� ɪɟɡɭɥɬɚɬɢ� ɫɭ� ɨɛɪɚɻɟɧɢ� ɫɬɚɧɞɚɪɞɧɢɦ� ɫɬɚɬɢɫɬɢɱɤɢɦ� ɦɟɬɨɞɚɦɚ�
ɩɪɢɦɟɧɨɦ� ɩɪɨɝɪɚɦɚ�Microsoft Office Excel 2016. ɍ� ɫɬɚɬɢɫɬɢɱɤɨʁ� ɨɛɪɚɞɢ� ɩɨɞɚɬɚɤɚ�
ɩɪɢɦɟʃɟɧɟ� ɫɭ� ɫɬɚɧɞɚɪɞɧɟ� ɦɟɬɨɞɟ� ɞɟɫɤɪɢɩɬɢɜɧɟ� ɢ� ɚɧɚɥɢɬɢɱɤɟ� ɫɬɚɬɢɫɬɢɤɟ�� Ɉɞ�
ɞɟɫɤɪɢɩɬɢɜɧɢɯ� ɦɟɬɨɞɚ� ɤɨɪɢɲʄɟɧɟ� ɫɭ� ɫɪɟɞʃɚ� ɜɪɟɞɧɨɫɬ�� ɦɚɤɫɢɦɚɥɧɚ� ɢ� ɦɢɧɢɦɚɥɧɚ�
ɜɪɟɞɧɨɫɬ�� ɤɚɨ� ɢ� ɫɬɚɧɞɚɪɞɧɚ� ɞɟɜɢʁɚɰɢʁɚ�� Ɂɚ� ɩɪɨɰɟɧɭ� ɫɬɚɬɢɫɬɢɱɤɟ� ɡɧɚɱɚʁɧɨɫɬɢ�
ɞɨɛɢʁɟɧɢɯ� ɪɟɡɭɥɬɚɬɚ� ɩɪɢɦɟʃɟɧɚ� ʁɟ� ɉɢɪɫɨɧɨɜɚ� ɤɨɪɟɥɚɰɢʁɚ�� ɋɬɚɬɢɫɬɢɱɤɢ� ɡɧɚɱɚʁɧɚ�
ɜɪɟɞɧɨɫɬ�ɫɦɚɬɪɚɧɚ�ʁɟ�ɧɚ�ɧɢɜɨɭ��p< 0,05. 
 

ɊȿɁɍɅɌȺɌɂ 
ɇɚɤɨɧ� ɢɫɩɢɬɢɜɚʃɚ� ɭɡɨɪɚɤɚ� ɜɨɞɟ� ɡɚ� ɧɚɩɚʁɚʃɟ� ɤɪɚɜɚ�� ɤɪɜɢ� ɢ� ɦɥɟɤɚ� ɤɪɚɜɚ� ɫɚ� ɲɟɫɬ�
ɮɚɪɦɢ�ɭ�Ȼɚɧɚɬɭ��ɞɨɛɢʁɟɧɟ�ɜɪɟɞɧɨɫɬɢ�ɤɨɧɰɟɧɬɪɚɰɢʁɚ�ɚɪɫɟɧɚ�ɫɭ�ɩɪɢɤɚɡɚɧɟ�ɭ�Ɍɚɛɟɥɢ��� 
 
Ɍɚɛɟɥɚ�� Ʉɨɧɰɟɧɬɪɚɰɢʁɚ��PJ�O��ɚɪɫɟɧɚ�ɭ�ɜɨɞɢ��ɤɪɜɢ�ɢ�ɦɥɟɤɭ�ɫɚ�ɲɟɫɬ�ɮɚɪɦɢ� 
 

 Ȼɪɨʁ�
ɭɡɨɪɚɤɚ Ɇɢɧɢɦɭɦ Ɇɚɤɫɢɦɭɦ ɋɪɟɞʃɚ�

ɜɪɟɞɧɨɫɬ 
ɋɬɚɧɞɚɪɞɧɚ�
ɞɟɜɢʁɚɰɢʁɚ 

ȼɨɞɚ� 120 0,0017 0,1733 0,0736 0,0594 
Ʉɪɜ 120 0,0027 0,1060 0,0566 0,0283 
Ɇɥɟɤɨ 120 0,0010 0,2800 0,0665 0,0530 
 
Ɇɢɧɢɦɚɥɧɚ�ɤɨɧɰɟɧɬɪɚɰɢʁɚ�ɚɪɫɟɧɚ�ɭ�ɜɨɞɢ�ɡɚ�ɩɢʄɟ�ɫɚ�ɫɜɢɯ�ɲɟɫɬ�ɮɚɪɦɢ�ʁɟ��������mg/l, 
ɦɚɤɫɢɦɚɥɧɚ� ʁɟ��������mg/l��ɞɨɤ� ʁɟ�ɩɪɨɫɟɱɧɚ�ɜɪɟɞɧɨɫɬ�ɤɨɧɰɟɧɬɪɚɰɢʁɟ�ɚɪɫɟɧɚ�ɭ�ɜɨɞɢ�
0,0736 ± 0,0594 mg/l. 
Ɇɢɧɢɦɚɥɧɚ�ɤɨɧɰɟɧɬɪɚɰɢʁɚ�ɚɪɫɟɧɚ�ɭ�ɤɪɜɢ�ɤɪɚɜɚ�ɫɚ�ɫɜɢɯ�ɲɟɫɬ�ɮɚɪɦɢ�ʁɟ��������mg/l, 
ɦɚɤɫɢɦɚɥɧɚ�ʁɟ�������mg/l��ɞɨɤ�ʁɟ�ɩɪɨɫɟɱɧɚ�ɤɨɧɰɟɧɬɪɚɰɢʁɚ�ɚɪɫɟɧɚ�ɭ�ɤɪɜɢ�ɤɪɚɜɚ��������
± 0,0283 mg/l. 
ȼɪɟɞɧɨɫɬ� ɚɪɫɟɧɚ ɭ� ɦɥɟɤɭ ɤɪɚɜɚ� ɫɟ� ɤɪɟɬɚɥɚ� ɭ� ɪɚɫɩɨɧɭ� ɨɞ� ������ ɞɨ� ����� mg/l�� ɚ�
ɩɪɨɫɟɱɧɚ�ɜɪɟɞɧɨɫɬ�ɚɪɫɟɧɚ�ɭ�ɦɥɟɤɭ�ɤɪɚɜɚ�ʁɟ����������������mg/l. 
ɉɪɢɦɟɧɨɦ� ɬɟɫɬɚ� ɉɢɪɫɨɧɨɜɟ� ɤɨɪɟɥɚɰɢʁɟ� ɚɪɫɟɧɚ� ɭ� ɜɨɞɢ� ɢ� ɦɥɟɤɭ� ɤɪɚɜɚ�� ɩɨɫɬɨʁɢ�
ɫɬɚɬɢɫɬɢɱɤɢ�ɡɧɚɱɚʁɧɚ�ɩɨɡɢɬɢɜɧɨ�ʁɚɤɚ�ɩɨɜɟɡɚɧɨɫɬ��ɤɨɪɟɥɚɰɢʁɚ��ɤɨɰɟɧɬɪɚɰɢʁɟ�ɚɪɫɟɧɚ�ɭ�
ɜɨɞɢ�ɢ�ɭ�ɦɥɟɤɭ��r=0,541 p=0,000) (Ɍɚɛɟɥɚ���� 
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ɍɬɢɰɚʁ�ɚɪɫɟɧɚ�ɧɚ�ɩɚɪɟɧɯɢɦ�ɜɢɦɟɧɚ�ɤɪɚɜɚ 

 
Ɍɚɛɟɥɚ�� Ʉɨɪɟɥɚɰɢʁɚ�ɭɡɨɪɚɤɚ�ɜɨɞɟ�ɡɚ�ɩɢʄɟ��ɤɪɜɢ�ɢ�ɦɥɟɤɚ�ɤɪɚɜɚ�ɫɚ�ɫɜɢɯ�ɲɟɫɬ�ɮɚɪɦɢ 
 
 ȼɨɞɚ Ʉɪɜ Ɇɥɟɤɨ 

ȼɨɞɚ 
ɉɢɪɫɨɧɨɜɚ�ɤɨɪ� 1 0,526 0,541 
ɪ  0,000 0,000 
Ȼɪɨʁ�ɭɡɨɪɚɤɚ 120 120 120 

Ʉɪɜ 
ɉɢɪɫɨɧɨɜɚ�ɤɨɪ� 0,526 1 0,183 
ɪ 0,000  0,046 
Ȼɪɨʁ�ɭɡɨɪɚɤɚ 120 120 120 

Ɇɥɟɤɨ 
ɉɢɪɫɨɧɨɜɚ�ɤɨɪ� 0,541 0,183 1 
ɪ 0,000 0,046  
Ȼɪɨʁ�ɭɡɨɪɚɤɚ 120 120 120 

 
ɉɨɡɢɬɢɜɧɨ ʁɚɤɚ ɤɨɪɟɥɚɰɢʁɚ ɤɨɰɟɧɬɪɚɰɢʁɟ�ɢɡɦɟɻɭ�ɚɪɫɟɧɚ�ɢɡ ɜɨɞɟ�ɡɚ�ɧɚɩɚʁɚʃɟ�ɤɪɚɜɚ ɢ�
ɤɪɚɜʂɟɝ�ɦɥɟɤɚ ɭɤɚɡɭʁɟ�ɞɚ�ɫɚ�ɩɨɜɟʄɚʃɟɦ�ɤɨɧɰɟɧɬɪɚɰɢʁɟ�ɚɪɫɟɧɚ�ɭ�ɜɨɞɢ ɩɨɜɟʄɚɜɚ�ɪɚɫɬɟ 
ʃɟɝɨɜɚ�ɤɨɧɰɟɧɬɪɚɰɢʁɚ�ɭ�ɦɥɟɤɭ� 
ɍɥɬɪɚɡɜɭɱɧɢ� ɩɪɟɝɥɟɞ� ɜɢɦɟɧɚ� ɤɪɚɜɚ� ʁɟ� ɭɪɚɻɟɧ� ɤɨɞ� ɫɜɢɯ� ���� ɤɪɚɜɚ�� Ʉɨɞ� ��� ɤɪɚɜɟ�
ɭɥɬɪɚɡɜɭɱɧɢɦ�ɩɪɟɝɥɟɞɨɦ� ɫɟ� ɭɨɱɢɥɚ� ɯɨɦɨɝɟɧɚ� ɫɬɪɭɤɬɭɪɚ�� ɭʁɟɞɧɚɱɟɧɟ� ɟɯɨɝɟɧɨɫɬɢ� ɫɚ�
ɚɧɟɯɨɝɟɧɢɦ�ɩɨʂɢɦɚ��ɤɨʁɢ�ɨɞɝɨɜɚɪɚʁɭ�ɤɪɜɧɢɦ�ɫɭɞɨɜɢɦɚ�ɢ�ɤɚɧɚɥɢɤɭɥɚɪɧɨɦ�ɫɢɫɬɟɦɭ�
ɜɢɦɟɧɚ��Ɉɜɚʁ�ɧɚɥɚɡ�ɨɞɝɨɜɚɪɚ�ɨɱɭɜɚɧɨɦ�ɩɚɪɟɧɯɢɦɭ�ɜɢɦɟɧɚ�ɤɪɚɜɚ��ɋɥɢɤɚ���� 
 

 

ɋɥɢɤɚ�� ɍɥɬɪɚɡɜɭɱɧɢ�ɩɪɢɤɚɡ�ɨɱɭɜɚɧɨɝ�ɩɚɪɟɧɯɢɦɚ�ɜɢɦɟɧɚ�ɤɪɚɜɚ 

Ʉɨɞ� ��� ɨɞ� �20 ɤɪɚɜɚ� ʁɟ� ɩɚɪɟɧɯɢɦ� ɛɢɨ� ɢɡɦɟʃɟɧ� �ɋɥɢɤɚ� ���� ɍɥɬɪɚɡɜɭɱɧɢ� ɧɚɥɚɡ�
ɩɚɬɨɥɨɲɤɢ� ɩɪɨɦɟʃɟɧɨɝ� ɩɚɪɟɧɯɢɦɚ� ɜɢɦɟɧɚ� ɫɟ� ɤɚɪɚɤɬɟɪɢɲɟ� ɜɢɡɭɚɥɢɡɚɰɢɨʁɦ�
ɩɚɪɟɧɯɢɦɚ�ɤɚɨ�ɧɟɯɨɦɨɝɟɧɚ�ɢ�ɯɢɩɟɪɟɯɨɝɟɧɚ�ɫɬɪɭɤɬɭɪɚ� 
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ɍɬɢɰɚʁ�ɚɪɫɟɧɚ�ɧɚ�ɩɚɪɟɧɯɢɦ�ɜɢɦɟɧɚ�ɤɪɚɜɚ 
 

 

ɋɥɢɤɚ�� ɍɥɬɪɚɡɜɭɱɧɢ�ɩɪɢɤɚɡ�ɩɪɨɦɟʃɟɧɨɝ�ɩɚɪɟɧɯɢɦɚ�ɜɢɦɟɧɚ�ɤɪɚɜɚ 

Ɉɞ� ��� ɤɪɚɜɚ, ɤɨʁɟ� ɫɭ� ɢɦɚɥɟ ɩɪɨɦɟʃɟɧ� ɩɚɪɟɧɯɢɦ� ɜɢɦɟɧɚ, 23 (29,87%) ɧɢɫɭ� ɢɦɚɥɟ�
ɜɢɫɨɤɟ� ɤɨɧɰɟɧɬɪɚɰɢʁɟ� ɚɪɫɟɧɚ� ɭ� ɦɥɟɤɭ�� ɞɨɤ� ɫɭ� �4 ��������� ɤɪɚɜɟ� ɢɦɚɥɟ� ɜɢɫɨɤɟ�
ɤɨɧɰɟɧɬɪɚɰɢʁɟ�ɚɪɫɟɧɚ�ɭ�ɦɥɟɤɭ� 

ȾɂɋɄɍɋɂȳȺ 
Ɇɚɤɫɢɦɚɥɧɚ� ɞɨɡɜɨʂɟɧɚ� ɤɨɧɬɚɦɢɧɚɰɢʁa (MCL�� ɚɪɫɟɧɚ� ɭ� ɜɨɞɢ� ɡɚ� ɩɢʄɟ� ɢɡɧɨɫɢ� 0,01 
mg/l (Sarkar ɢ� ɫɚɪ��� �����. ɍ� ɨɤɜɢɪɭ� ɨɜɨɝ� ɢɫɬɪɚɠɢɜɚʃɚ�ɦɢɧɢɦɚɥɧɚ� ɤɨɧɰɟɧɬɪɚɰɢʁɚ 
ɚɪɫɟɧɚ�ɭ�ɜɨɞɢ�ɡɚ�ɧɚɩɚʁɚʃɟ�ɤɪɚɜɚ�ʁɟ�ɛɢɥɚ������� mg/L��ɦɚɤɫɢɦɚɥɧɚ��������PJ/L��ɞɨɤ�
ʁɟ�ɫɪɟɞʃɚ�ɜɪɟɞɧɨɫɬ�ɛɢɥɚ������� mg/L. ɂɡ�ɨɜɨɝɚ�ɫɟ�ɜɢɞɢ�ɞɚ�ɫɭ�ɦɚɤɫɢɦɚɥɧɟ�ɢ�ɫɪɟɞʃɟ�
ɜɪɟɞɧɨɫɬɢ�ɤɨɧɰɟɧɬɪɚɰɢʁɟ�ɚɪɫɟɧɚ�ɭ�ɜɨɞɢ�ɡɚ�ɧɚɩɚʁɚʃɟ�ɤɪɚɜɚ�ɛɢɥɟ�ɜɟʄɟ�ɨɞ�MCL��ɲɬɨ�ʁɟ�
ɭ� ɫɚɝɥɚɫɧɨɫɬɢ� ɫɚ� ɪɟɡɭɥɬɚɬɢɦɚ� ɉɚɩɢʄ� ɢ� ɫɚɪ�� (2012)�� ɤɨʁɢ� ɫɭ ɭ ɨɤɜɢɪɭ� ɫɜɨɝ�
ɢɫɩɢɬɢɜɚʃɭ� ɭ� Ȼɚɧɚɬɭ� ɧɚ� ���� ɭɡɨɪɚɤɚ� ɜɨɞɟ� ɡɚ� ɧɚɩɚʁɚʃɟ� ɤɪɚɜɚ, ɪɟɝɢɫɬɪɨɜɚɥɢ�
ɦɚɤɫɢɦɚɥɧɭ� ɤɨɧɰɟɧɬɪɚɰɢʁɭ� ɚɪɫɟɧɚ 0,217 mg/L. Ɇɚɤɫɢɦɚɥɧɚ� ɞɨɡɜɨʂɟɧɚ�
ɤɨɧɰɟɧɬɪɚɰɢʁɚ�ɚɪɫɟɧɚ�ɭ�ɜɨɞɢ�ɡɚ�ɧɚɩɚʁɚʃɟ�ɫɬɨɤɟ�ɩɪɟɦɚ�ʁɟ�0,2 µg/L��ɞɨɤ�ɩɪɟɦɚ�NRC 
(2005��ɨɜɚʁ�ɥɢɦɢɬ�ɢɡɧɨɫɢ�0,05 mg/L (Bera ɢ�ɫɚɪ��������.  
ɍ�ɋɪɛɢʁɢ��ɦɚɤɫɢɦɚɥɧɚ�ɤɨɥɢɱɢɧɚ�ɚɪɫɟɧɚ�ɭ�ɦɥɟɤɭ�ɢɡɧɨɫɢ�����mg/L (ɋɥɭɠɛɟɧɢ�ɥɢɫɬ�
ɋɊȳ�� ɛɪ�� ������ ������ - ɢɫɩɪ�� ɢ �������� ɢ� ɋɥɭɠɛɟɧɢ� ɥɢɫɬ� Ɋɋ�� ɛɪ�� �������� – ɞɪ��
ɩɪɚɜɢɥɧɢɤ�ɢ���������– ɞɪ��ɩɪɚɜɢɥɧɢɤ)��ɞɨɤ�ʁɟ�ɩɪɟɦɚ�ɫɬɚɧɞɚɪɞɭ�Codex Alimentarius��ɭ�
ɫɜɟɬɭ�ɞɨɡɜɨʂɟɧ�ɥɢɦɢɬ 0,14 mg/L (Arianejad ɢ�ɫɚɪ����������ɉɪɨɫɟɱɧɚ�ɤɨɧɰɟɧɬɪɚɰɢʁɚ�
ɚɪɫɟɧɚ� ɫɚ� ɫɜɢɯ� ɮɚɪɦɢ� �������� �� ������mg/L�� ʁɟ� ɭ� ɫɚɝɥɚɫɧɨɫɬɢ� ɫɚ� Ⱦɚɜɢɞɨɜ� ɢ� ɫɚɪ��
�������� ɤɨʁɢ� ɫɭ� ɢɫɬɪɚɠɢɜɚɥɢ� ɤɨɧɰɟɧɬɪɚɰɢʁɟ� ɦɟɬɚɥɨɢɞɚ ɭ� ɦɥɟɤɭ� ɧɚ� ɬɪɢ� ɮɚɪɦɟ� ɭ�
ȼɨʁɜɨɞɢɧɢ�� ɚ� ɜɪɟɞɧɨɫɬ� ɚɪɫɟɧɚ� ɭ� ɦɥɟɤɭ� ɢɡɧɨɫɢɥɚ� ʁɟ� ������ mg/L�� ɋ� ɞɪɭɝɟ� ɫɬɪɚɧɟ��
Ɇɢɬɪɨɜɢʄ�ɢ�ɫɚɪ��(2019) ɫɭ�ɭɨɱɢɥɢ�ɞɚ�ʁɟ�ɤɨɧɰɟɧɬɪɚɰɢʁɚ�ɚɪɫɟɧɚ�ɭ�ɦɥɟɤɭ�ɭɡɢɦɚɧɨɝ�ɢɡ�
ɉɚɥɢɥɭɥɟ�ɢ�ɋɭɪɱɢɧɚ ɢɫɩɨɞ�ɧɢɜɨɚ�ɞɟɬɟɤɰɢʁɟ��ɡɚ�ɪɚɡɥɢɤɭ�ɨɞ�ɤɨɧɰɟɧɬɪɚɰɢʁɟ�ɭ�ɫɬɨɱɧɨʁ�
ɯɪɚɧɢ� ɱɢʁɚ� ʁɟ� ɫɪɟɞʃɚ� ɜɪɟɞɧɨɫɬ� ɢɡɧɨɫɢɥɚ� 1,08 mg/kg�� ɋɪɟɞʃɚ� ɜɪɟɞɧɨɫɬ� ɚɪɫɟɧɚ� ɭ�
ɦɥɟɤɭ� ɭ� ɨɜɨɦ� ɪɚɞɭ� ɭ� ɫɚɝɥɚɫɧɨɫɬɢ� ʁɟ� ɫɚ� ɪɟɡɭɥɬɚɬɢɦɚ�Kodrik ɢ� ɫɚɪ�� (2011) ɤɨʁɢ� ɫɭ�
ɢɡɦɟɪɢɥɢ� 0,0521 mg/L ɚɪɫɟɧɚ� ɭ� ɦɥɟɤɭ� ɤɪɚɜɚ� ɛɥɢɡɭ� ɚɭɬɨɩɭɬɚ�� ɞɨɤ� ʁɟ� ɤɨɰɟɧɬɪɚɰɢʁɚ�
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ɚɪɫɟɧɚ� ɭ� ɦɥɟɤɭ� ɤɪɚɜɚ� ɢɡ� ɧɟɡɚɝɚɻɟɧɨɝ� ɩɨɞɪɭɱʁɚ� ɛɢɥɚ� 0,0233 mg/L. Ɂɧɚɬɧɨ� ɜɟʄɟ 
ɜɪɟɞɧɨɫɬɢ�ɤɨɧɰɟɧɬɪɚɰɢʁɟ�ɚɪɫɟɧɚ�ɭ�ɦɥɟɤɭ�(0,2428-0,684 mg/L) ɨɞ�ɢɡɦɟɪɟɧɢɯ�ɭ�ɧɚɲɟɦ�
ɪɚɞɭ� ɢɦɚɥɢ� ɫɭ�Licata ɢ� ɫɚɪ�� (2004)�� ɤɚɨ� ɢ�Castro-González ɢ� ɫɚɪ�� ����8) ɢ�Castro-
González ɢ�ɫɚɪ��(2019��ɝɞɟ�ʁɟ�ɩɪɨɫɟɱɧɚ ɜɪɟɞɧɨɫɬ�ɚɪɫɟɧɚ�ɢɡɧɨɫɢɥɚ���15 mg/L��ɋ�ɞɪɭɝɟ�
ɫɬɪɚɧɟ�� ɧɟɲɬɨ� ɧɢɠɟ� ɜɪɟɞɧɨɫɬɢ� (0,0152-0,0259 mg/L) ɢɡɦɟɪɢɥɢ� ɫɭ�Arianejad ɢ� ɫɚɪ. 
(2015), Roy ɢ� ɫɚɪ�� (2009) (0,0179 mg/L ɭ� ɢɧɞɭɫɬɪɢʁɫɤɨʁ� ɡɨɧɢ� ɢ� 0,02414 mg/L ɭ�
ɧɟɢɧɞɭɫɬɪɢʁɫɤɨʁ� ɡɨɧɢ���Kabir ɢ� ɫɚɪ�� (2017) (0,012 mg/L�� ɢ�Castro-González ɢ� ɫɚɪ��
(2017) (0,035 mg/L). 
ɍɥɬɪɚɡɜɭɱɧɢ� ɧɚɥɚɡ� ɜɢɦɟɧɚ� ɤɪɚɜɚ ɫɚ� ɩɚɬɨɥɨɲɤɢɦ� ɩɪɨɦɟɧɚ� ɭ� ɩɚɪɟɧɯɢɦɭ� ɡɚɜɢɫɢ� ɨɞ�
ɫɬɟɩɟɧɚ� ɫɬɪɭɤɬɭɪɧɢɯ� ɩɪɨɦɟɧɚ� ɤɨʁɟ� ɫɟ� ʁɚɜʂɚʁɭ� ɭ� ɬɤɢɜɭ�� Ɂɚɩɚʂɟɧɫɤɢ� ɩɪɨɰɟɫɢ� ɭ�
ɜɢɦɟɧɭ�ɞɨɜɨɞɟ�ɞɨ�ɩɪɨɦɟɧɟ�ɟɯɨɝɟɧɨɫɬɢ�ɨɪɝɚɧɚ��ɍ�ɨɤɜɢɪɭ�ɧɚɲɟɝ�ɪɚɞɚ�ɭɥɬɪɚɡɜɭɱɧɢɦ�
ɩɪɟɝɥɟɞɨɦ� ɜɢɦɟɧɚ� ɤɪɚɜɚ� ɭɨɱɟɧɚ� ʁɟ� ɧɟɯɨɦɨɝɟɧɚ� ɢ� ɯɢɩɟɪɟɯɨɝɟɧɚ� ɫɬɪɭɤɬɭɪɚ�
ɩɚɪɟɧɯɢɦɚ��ɲɬɨ�ɨɞɝɨɜɚɪɚ�ɧɚɥɚɡɢɦɚ�ɚɭɬɨɪɚ��Ƚɚɥɮɢ�ɢ�ɫɚɪ���2017; Ƚɚɥɮɢ�ɢ�ɫɚɪ�������), 
ɝɞɟ�ɫɟ�ɩɚɪɟɧɯɢɦ�ɜɢɦɟɧɚ�ɭɨɱɚɜɚ�ɤɚɨ�ɧɟɯɨɦɨɝɟɧɚ�ɫɬɪɭɤɬɭɪɚ��ɩɪɢ�ɱɟɦɭ�ɟɯɨɝɟɧɨɫɬ�ɦɨɠɟ�
ɛɢɬɢ�ɫɦɚʃɟɧɚ�ɢɥɢ�ɩɨɜɟʄɚɧɚ 

 
ɁȺɄȴɍɑȺɄ 

ɇɚ�ɨɫɧɨɜɭ�ɞɨɛɢʁɟɧɢɯ�ɪɟɡɭɥɬɚɬɚ�ɢɫɬɪɚɠɢɜɚʃɚ�ɦɨɠɟ�ɫɟ�ɡɚɤʂɭɱɢɬɢ�ɞɚ�ɚɪɫɟɧ�ɭ�ɜɨɞɢ�ɡɚ�
ɧɚɩɚʁɚʃɟ� ɤɪɚɜɚ� ɢɦɚ� ɫɬɚɬɢɫɬɢɱɤɢ� ɩɨɡɢɬɢɜɧɨ� ʁɚɤɭ� ɤɨɪɟɥɚɰɢʁɭ� ɫɚ� ɤɨɧɰɟɧɬɪɚɰɢʁɨɦ�
ɚɪɫɟɧɚ� ɭ� ɤɪɜɢ� ɢ� ɦɥɟɤɭ��ɲɬɨ� ɡɧɚɱɢ� ɞɚ� ɫɚ� ɩɨɜɟʄɚʃɟɦ ɤɨɧɰɟɧɬɪɚɰɢʁɟ� ɚɪɫɟɧɚ ɭ� ɜɨɞɢ�
ɞɨɥɚɡɢ� ɞɨ� ɩɨɜɟʄɚʃɚ� ɤɨɧɰɟɧɬɪɚɰɢʁɟ� ɚɪɫɟɧɚ� ɭ� ɤɪɜɢ� ɢ� ɦɥɟɤɭ. Ɉɜɚʁ� ɞɢɪɟɤɬɚɧ� ɭɬɢɰɚʁ�
ɚɪɫɟɧɚ�ɢɡ�ɜɨɞɟ�ɡɚ�ɧɚɩɚʁɚʃɟ�ɤɪɚɜɚ�ɦɨɠɟ�ɢɦɚɬɢ ɧɟɝɚɬɢɜɚɧ�ɭɬɢɰɚʁ�ɧɚ�ɩɚɪɟɧɯɢɦ�ɜɢɦɟɧɚ�
ɤɪɚɜɚ��ʁɟɪ�ʁɟ�ɭɥɬɪɚɡɜɭɱɧɢɦ�ɩɪɟɝɥɟɞɨɦ�ɩɨɬɜɪɻɟɧ�ɩɚɬɨɥɨɲɤɢ�ɩɪɨɦɟʃɟɧ�ɩɚɪɟɧɯɢɦ. 

Ɂɚɯɜɚɥɧɢɰɚ 
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