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�ʩʰʥʲʡʸ�ʭʩʹʣʥʧ�ʤʹʥʬʹ�ʬʫ���ʺʧʠ�ʤʰʹ�ʪʹʮʡ��ʭʩʦʥʫʩʸʡ�ʭʩʩʺʰʥʲ�ʭʩʩʥʰʩʹ�ʹʩ�ʭʠ�ʯʥʧʡʬ�ʩʣʫ���ʪʹʮʤ
�ʺʥʸʩʣʺʭʩʸʮʥʧʤ�ʭʺʥʠ�ʬʹ�ʸʥʨʩʰʤ��ʴʲ�ʲʡʷʩ�ʡʩʫʸʮ�ʬʫ�ʬʹ�ʩʡʸʮʤ�ʦʥʫʩʸʤ�ʩ���ʩʮʥʢʩʣʮ�ʣʧʠʡ�ʠʶʮʩʩʹ

ʭʩʩʰʥʲʡʸʤ�ʭʩʮʤ��



 

��

ʺʠʦ�ʭʲ�ʣʧʩ���ʥʠ�ʷʱʴʥʤ�ʭʤʡ�ʹʥʮʩʹʤʹ�ʤʸʡʣʤ�ʩʸʮʥʧ�ʩʡʢʬ�ʺʧʴʥʮ�ʸʥʨʩʰ�ʬʲ�ʤʶʩʬʮʮ�ʤʣʲʥʤ
ʬʠʸʹʩʡ�ʹʥʮʩʹʡ�ʥʩʤ�ʠʬ�ʭʬʥʲʮʹ��ʷʩʣʶʩʹ�ʩʣʫʮ�ʯʨʷ�ʩʠʥʸʡʺ�ʲʢʴʮ�ʥʥʤʩʹ�ʩʥʫʩʱʤʹ�ʤʸʡʣʤ�ʩʸʮʥʧ�

ʲʥʡʷ�ʸʥʨʩʰʡ�ʤʬʬʫʤ��ʩʺʥʠʩʸʡ�ʯʥʫʩʱ�ʺʥʥʤʬ�ʭʩʬʥʬʲʤ�ʭʩʮʤʦʮ���ʭʩʸʥʦʠʡ�ʷʸ�ʠʶʮʩʤʬ�ʭʩʬʥʬʲ�ʭʤ�ʪʠ
ʭʩʣʷʥʮʮ���

ʩʠ�ʭʩʸʮʥʧ�ʸʥʨʩʰ�ʤʩʩʺʹʤ�ʩʮ�ʸʥʷʮʡ�ʭʩʩʰʢʸʥʠ�
ʩʠʤ�ʭʩʡʩʫʸʮʬ�ʩʫ�ʤʶʩʬʮʮ�ʤʣʲʥʤ�ʭʩʮʡ�ʭʩʩʰʢʸʥʠ���ʭʩʮ�ʸʥʷʮ�ʬʫʡ�ʤʰʹʡ�ʭʲʴ�ʸʥʨʩʰ�ʱʩʱʡʫ�ʲʶʥʡʩ

�ʺʰ�ʸʡʫ�ʹʩ�ʤʬʠʤ�ʭʩʸʮʥʧʤ�ʺʩʡʸʮ�ʩʡʢʬʭʩʮʣʥʷ�ʭʩʰʥ���ʤʡʸ�ʺʥʩʺʣʥʰʺ�ʯʩʠ�ʬʬʫ�ʪʸʣʡʹ�ʭʩʠʸʮ�ʭʤʥ
ʭʤʬʹ�ʭʩʦʥʫʩʸʡ����ʮ�ʪʥʮʰ�ʤʩʤ�ʡʩʫʸʮʤ�ʦʥʫʩʸ�ʭʠ���ʸʺʥʮʤ�ʩʡʸʮʤ�ʪʸʲʤʮ����ʠʬ�ʩʠʥʸʡʺ�ʸʷʱʥ

ʺʸʡʢʥʮ�ʤʷʩʣʡ�ʺʥʸʩʣʺ�ʭʩʷʩʣʶʮʤ�ʭʩʠʶʮʮ�ʤʬʲʤ��ʭʩʰʹ�ʹʮʧʡ�ʭʲʴʬ�ʭʥʢʩʣʤ�ʺʥʸʩʣʺ�ʣʸʺ��
ʤʩʩʺʹʤ�ʩʮʡ�ʩʡʸʮ�ʺʥʷʰʧ�ʦʥʫʩʸ�

ʥʠʡʥʤʹ�ʺʥʩʥʣʲʡ�ʡʹʧʺʤʡʭʩʰʹʤ�ʡʸ�ʩʬʠʸʹʩʤ�ʯʥʩʱʩʰʡʥ�ʤʩʰʴʡ���ʵʩʬʮʤʬ�ʤʣʲʥʤ�ʤʨʩʬʧʤ���ʭʲʮ�ʢʩʩʺʱ
ʧʠʣ�ʭʩʮʡ�ʺʥʷʰʧ�ʬʹ�ʸʺʥʮʤ�ʩʡʸʮʤ�ʦʥʫʩʸʤ�ʺʠ�ʣʩʸʥʤʬ�ʠʬʹ����ʬʹ�ʤʮʸʡ�ʥʸʩʠʹʤʬʥ��ʢʮ��ʬ��

ʤʩʩʺʹʤ�ʩʮʡ�ʣʩʸʥʠʥʬʴ�ʩʦʥʫʩʸʬ�ʯʷʺ 
ʯʮʷʬʣʫ�ʤʶʩʬʮʮ�ʤʣʲʥʤ��ʭʲʩʺʹ�ʥʢʩʩʺʱʤ�ʥʩʺ���

ʤ�ʺʥʮʸʡ�ʸʠʹʩʩ�ʭʩʮʡ�ʩʡʸʩʮ�ʣʩʸʥʠʥʬʴ�ʦʥʫʩʸʺʥʰʷʺʡ�ʭʥʩʫ�ʺʥʮʩʩʷ�����ʢʮ��ʠ�ʸʥʦʠʡ�ʬ�
��ʭʩʸʥʦʠʤ
ʣʧʥʩʮʡ�ʭʩʮʧʤ���ʥ���ʢʮ��ʡ�ʸʥʦʠʡ�ʬ
��ʭʩʸʬʴʥʮ�ʭʩʮ�ʸʥʡʲ���ʤʩʤʩ�ʭʩʮʡ�ʣʩʸʥʠʥʬʴ�ʬʹ�ʩʡʨʩʮʤ�ʦʥʫʩʸʤ

���ʢʮ���ʥ�ʬ���ʢʮ��ʬ��ʠ�ʭʩʸʥʦʠʡ�
ʡʥ�
ʤʮʠʺʤʡ��
ʸʥʮʠʤ�ʩʡʨʩʮʤ�ʦʥʫʩʸʬ�ʥʸʬʴʥʩ�ʭʩʬʴʺʥʮ�ʭʩ�ʩʮ��ʭʩʰʫʸʶʬ�ʭʺʷʴʱʠ�ʩʰʴʬ� 

ʮ�ʭʣʷʤʡ�ʲʶʥʡʩʧʥʥʨ�ʪʥʸʠ�ʸʷʧ���ʤʸʬʴʤʤ�ʺʲʴʹʤ�ʺʠ�ʯʧʡʩʹ�ʬʲʥ�ʺʹʹʲʡ�ʤʠʥʬʧʺʤ�ʺʰʨʷʤ�ʬʲ
ʭʩʰʩʹʡ�ʱʩʦʥʸʥʠʥʬʴʤ�ʺʸʡʢʤ��ʬʠʸʹʩ�ʺʰʩʣʮ�ʩʠʰʺʡ���ʭʷʥʺʹ�ʤʩʥʬʺ�ʩʺʬʡ�ʩʥʢʤ�ʺʣʲʥ�ʧʥʷʩʴʥ�ʤʰʥʥʫʤʡ

ʸʺʬʠʬ���ʪʥʺʡ�ʪʸʲʩ�ʸʷʧʮʤ�ʩʠʶʮʮ�ʬʲ�ʯʥʩʣ��ʭʩʰʹ�� 
ʭʩʰʹ�ʹʮʧ�ʣʥʲʡ�ʤʸʬʴʤʤ�ʠʹʥʰʡ�ʺʩʰʹ�ʯʥʣʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤ�� 

ʮ�ʤʣʲʥʤ�ʭʢ�ʤʶʩʬʮ�ʺʧʠ�ʺʥʢʩʩʺʱʤ�ʭʲ��ʤʸʬʴʤʤ�ʺʡʥʧ�ʺʠ�ʬʨʡʬ���ʤʡʥʧ�ʤʩʤʺ�ʠʬ�ʠʩʤʹ�ʪʫ
ʺʴʸʥʢ�ʺʩʺʫʬʮʮ��ʭʥʷʮ�ʬʫʡ�ʸʥʡʩʶʤ�ʩʫʸʶ�ʩʴ�ʬʲ�ʤʨʬʧʤʬ�ʤʰʥʺʰ�ʠʬʠ��

ʤʩʩʺʹʤ�ʩʮʡ�ʤʸʴʥʢʬ�ʯʷʺ 
ʭʩʡʬʹ�ʩʰʹʡ�ʤʸʴʥʢʬ�ʯʷʺʤ�ʺʠ�ʣʩʸʥʤʬ�ʤʶʩʬʮʮ�ʤʣʲʥʥʤ���ʯʥʹʠʸʤ�ʡʬʹʡ��ʬʹ�ʯʥʫʣʲʤ�ʺʱʩʰʫ�ʭʲ

ʬʲʥʴʬ�ʺʥʰʷʺʤ��ʮʤ�ʤʮʸʤ�ʣʸʺ�ʬ�ʺʸʺʥʮʤ�ʺʩʡʸ���ʢʮ��ʬ���ʩʰʹʤ�ʡʬʹʡʥ��ʸʧʠʬ�ʭʩʰʹ����ʣʸʺ
�ʬ�ʺʩʡʸʮʤ�ʤʮʸʤ���ʢʮ��ʬ��

ʤʩʩʺʹʤ�ʩʮʡ�ʭʩʣʩʸʥʬʫʬ�ʯʷʺ 
ʭʩʡʬʹ�ʩʰʹʡ�ʭʩʮʡ�ʣʩʸʥʬʫʬ�ʯʷʺʤ�ʺʠ�ʣʩʸʥʤʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤ���ʯʥʹʠʸʤ�ʡʬʹʡ�ʺʥʰʷʺʤ�ʯʥʫʣʲ�ʭʲ��

�ʬ�ʺʩʡʸʮʤ�ʤʮʸʤ�ʣʸʺ���ʢʮ��ʬ���ʩʰʹ�ʡʬʹʡʥ�ʭʩʰʹ�ʹʮʧ�ʸʧʠʬ���ʬ�ʤʮʸʤ�ʣʸʺ���ʢʮ��ʬ��
ʤʩʩʺʹ�ʩʮʡ�ʭʩʩʡʩʨʷʠʥʩʣʸ�ʭʩʸʮʥʧʬ�ʯʷʺ 

ʮʥ�ʺʠ�ʸʩʠʹʤʬ�ʲʶʩʺʰʹʤ�ʤʰʮʤ�ʬʥʡʢ���ʭʩʮ�ʺʩʩʺʹʮ�ʤʠʶʥʺʫ������ʨʸʥʥʩʱʩʬʩʮ��0.1 mSv���
�ʺʩʮʣʷʮ�ʤʷʩʣʡ�ʲʶʡʺʺ�ʤʬʧʺʤʡ�ʩʨʬʥʴ�ʪʱ�ʬʹ�ʺʥʩʡʩʨʷʠʤ�ʦʥʫʩʸʬá�ʩʨʬʥʴ�ʪʱʥ�â�ʥ��ʺʥʠʶʥʺ�ʭʠ

�ʮ�ʺʥʤʥʡʢ�ʺʥʷʩʣʡʤ����ʸʨʩʬʬ�ʬʸʷʡ�á�ʥʠ���ʸʨʩʬʬ�ʬʸʷʡ�âʶ�ʤʩʤʩ��ʺʨʸʥʴʮ�ʤʷʩʣʡ�ʲʶʡʬ�ʪʸʥ
ʭʩʮʡʹ�ʭʩʣʩʬʷʥʰʥʩʣʸʬ���ʬʲ�ʤʬʲʩʹ�ʸʥʱʠ�ʭʩʮʡʹ�ʭʩʣʩʬʷʥʰʥʩʣʸʤ�ʬʫ�ʬʹ�ʩʱʧʩʤ�ʩʮʥʫʱʤ�ʪʸʲʤʥ�� 

ʤʩʩʺʹʤ�ʩʮʡ�ʨʱʡʱʠ�ʩʡʩʱ 
ʭʩʮʡ�ʨʱʡʱʠ�ʩʡʩʱʮ�ʩʺʥʠʩʸʡ�ʷʦʰʬ�ʯʥʫʩʱʤ�ʩʡʢʬ�ʺʥʸʩʤʡʤ�ʸʱʥʧʡ�ʡʹʧʺʤʡ���ʩʡʢʬ�ʲʣʩʮʤ�ʸʱʥʧʥ

ʬʠʸʹʩʡ�ʤʩʩʺʹʤ�ʩʮ�ʺʥʫʸʲʮʡ�ʨʱʡʱʠ�ʩʡʩʱ�ʺʥʠʶʮʤ��ʩʬʮʮ�ʩʡʩʱ�ʩʦʥʫʩʸʬ�ʤʷʩʣʡ�ʲʥʶʩʡ�ʬʲ�ʤʣʲʥʤ�ʤʶ
ʭʩʮʡ�ʨʱʡʱʠ��ʲʣʩʮ�ʳʥʱʩʠʬ�ʪʸʲʮ�ʺʸʢʱʮʡ���

ʭʩʮʤ�ʺʷʴʱʠ�ʺʥʫʸʲʮʡ�ʺʥʫʺʮ�ʸʥʨʩʰ 
�ʲʶʡʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤ��ʺʸʢʱʮʡʲʣʩʮ�ʳʥʱʩʠ�ʪʸʲʮ�ʺʸʴʥʲ�ʩʡʢʬ�ʳʩʷʮ�ʸʷʱ���ʭʩʮʡ�ʬʦʸʡʥ�ʺʹʥʧʰ��

ʭʩʮʤ�ʺʥʫʩʠ�ʺʠ�ʭʩʰʩʩʴʠʮʤ�ʭʩʸʨʮʸʴʥ�ʺʥʸʩʫʲʤ�ʩʡʩʫʸʮʬ�ʤʬʠ�ʺʥʫʺʮ�ʯʩʡ�ʸʹʷʤʥʺʹʸʡ����ʳʷʩʤ
�ʺʴʨʥʹ�ʤʸʥʶʡ�ʺʩʠʷʩʸʮʠʤ�ʺʹʸʡ�ʺʥʫʸʲʰʹ�ʺʥʷʩʣʡʤ�ʸʴʱʮʬ�ʤʮʥʣ�ʤʩʤʩ�ʸʷʱʤ� �ʫ������ʺʥʷʩʣʡ�

ʫ�ʸʮʥʬʫ�ʭʩʡʹʥʺ�ʳʬʠ�ʤʠʮ�ʬʫʬ������ʤʰʹʡ�ʺʥʷʩʣʡ���  



 

��

ʸʷʱʤ�ʲʥʶʩʡ�ʺʬʩʧʺʬ�ʣʲ��ʺʸʴʥʲ�ʬʹ�ʺʥʩʺʸʢʹʤ�ʺʥʷʩʣʡʤ�ʺʥʸʩʣʺ�ʸʡʢʥʺ���ʺʥʫʸʲʮʡ�ʺʹʥʧʰʥ�ʬʦʸʡ
ʭʩʮ�ʺʷʴʱʠ��ʸʴʱʮʬ�ʭʠʺʤʡ�ʲʶʥʡʺ�ʠʩʤʥʤʩʩʺʹ�ʩʮ�ʬʹ�ʷʴʱ�ʬʫʮ�ʭʩʮ�ʭʩʬʡʷʮʤ�ʭʩʡʹʥʺʤ���
ʺʥʶʠ�ʩʰʬʲʸ�ʭʩʮʡ�ʺʥʩʬʥʧʫ 

�ʯʩʨʱʩʶʥʸʷʩʮ�ʬʹ�ʦʥʫʩʸʬ�ʯʷʺ�ʲʥʡʷʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤLRʭʩʮʡ����ʬʹ�ʤʮʸʡ�����ʢʮ��ʬ���
ʺʩʶʸʠʤ�ʭʩʮʤ�ʺʥʹʸ�ʩʫ�ʤʶʩʬʮʮ�ʤʣʲʥʤ��ʺʥʸʥʷʮ�ʺʸʡʧ�ʭʥʩʫ�ʺʸʰʫʤ�ʩʮʬ�ʤʴʩʷʮ�ʸʥʨʩʰ�ʺʩʰʫʥʺ�ʯʩʫʺ���

ʮʹ�ʤʮʸʡ�ʭʩʰʬʲʸ�ʩʥʬʩʢ�ʤʧʩʨʡʮʤ�ʭʥʸʧ�ʺʬʥʲʴ�ʺʩʰʫʥʺ�ʯʫʥ�ʭʩʮʤ�ʬʹ�ʺʩʠʥʸʡʺʤ�ʭʺʥʫʩʠ�ʺʠ�ʤʧʩʨʡ
ʺʥʶʠ�ʬʹ�ʭʩʰʬʲʸ�ʩʦʥʫʸʹ�ʤʬʢʺʩʹ�ʤʸʷʮʬ�ʺʥʩʬʥʧʫ��ʩʺʠʥʸʡʺ�ʲʢʴʮ�ʥʥʤʩ���

ʪʫʬ�ʭʠʺʤʡ�ʤʧʰʺ�ʺʥʠʩʸʡʤ�ʺʥʹʸ ʺʸʰʫʤ�ʩʮ�ʬʹ�ʸʺʥʩ�ʭʩʰʨʷʤ�ʭʩʷʴʱʤ�ʺʠ�ʭʢ���
ʤʩʩʺʹʤ�ʩʮ�ʺʥʫʸʲʮʡ�ʭʩʮʤ�ʺʥʸʩʫʲ� 

�ʭʩʩʷʤ�ʯʷʺʤ�ʺʠ�ʸʩʠʹʤʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤ±�ʬʹ��ʲʩ��ʯ��ʭʩʮʤ�ʺʥʫʸʲʮ�ʬʫʡ�ʸʮʹʩʩ�ʠʥʤʹʥ���ʺʷʩʣʡ
ʺʩʬʠʩʡʥʸʷʩʮ�ʤʷʩʣʡʬ�ʺʫʸʲʮʤʮ�ʭʩʮ�ʭʥʢʩʣ�ʬʫʬ�ʣʥʮʶʡ�ʲʶʡʺʺ�ʭʩʮʤ�ʺʥʸʩʫʲ����

ʭʩʮʡ�ʧʩʸʥ�ʭʲʨ 
ʭʩʰʫʸʶʤ�ʬʲ�ʭʩʬʡʥʷʮ�ʺʥʩʤʬ�ʭʩʫʩʸʶ�ʭʩʮʤ�ʬʹ�ʧʩʸʤʥ�ʭʲʨʤ�ʩʫ�ʤʶʩʬʮʮ�ʤʣʲʥʤ���ʺʡʩʩʧʮ�ʪʫʮ�ʤʢʩʸʧ

ʲ�ʤʡʩʱʤ�ʺʸʩʷʧ�ʭʩʮʤ�ʷʴʱ�ʩ��ʰʤ�ʯʩʫʺ�ʺʥʠʩʸʡʤ�ʺʥʹʸʭʩʮʤ�ʷʴʱʬ�ʺʥʩʧ���ʺʥʰʥʬʺʡ�ʬʴʨʬ�ʪʩʠ
ʭʩʰʫʸʶʮ���

ʭʩʮʤ�ʺʸʥʨʸʴʮʨ 
ʭʩʮʤ�ʬʹ�ʺʩʨʴʬʥʰʢʸʥʠʤ�ʤʬʡʨʬ�ʤʸʥʨʸʴʮʨʤ�ʺʠ�ʳʩʱʥʤʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤ���ʬʹ�ʤʸʣʢʤʡ����ʠʬ

ʤʧʥʣ���ʭʩʰʥʹ�ʸʩʥʥʠ�ʢʦʮ�ʩʠʰʺʡʥ�ʭʩʰʥʹ�ʤʫʬʥʤ�ʩʥʥʷʡ�ʭʩʮʤ�ʺʸʥʨʸʴʮʨ�ʬʹ�ʸʷʱ�ʲʶʥʡʩ�ʬʩʡʷʮʡ���ʩʣʫ
ʱʮ�ʭʩʰʥʺʰ�ʭʲ�ʹʣʥʧʮ�ʯʥʩʣ�ʣʩʺʲʡ�ʸʹʴʠʬʭʩʷʥʣʡ�ʭʩʩʸʴ��
ʤʩʩʺʹʤ�ʩʮ�ʭʲ�ʲʢʮʡ�ʭʩʠʡʤ�ʭʩʸʮʥʧ�

ʩʫ�ʺʥʰʷʺʡ�ʹʥʸʣʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤ����ʺʫʸʲʮʡ�ʤʩʩʺʹ�ʩʮ�ʭʲ�ʲʢʮʡ�ʭʩʠʡʤ�ʭʩʸʶʥʮ�ʷʴʱ�ʯʩʷʺʩ�ʠʬ
ʥʺʥʩʸʧʠʡʹ�ʭʩʮʤ��ʺ�ʺʥʹʩʸʣʡ�ʭʩʣʮʥʲ�ʭʤ�ʯʫ�ʭʠ�ʠʬʠ��ʩ��������ʩʮ�ʭʲ�ʲʢʮʡ�ʭʩʠʡʤ�ʭʩʸʶʥʮ�ʺʥʷʩʣʡ

ʤʩʩʺʹ���ʠʩʸʡʤ�ʺʥʹʸʮ�ʩʰʮʦ�ʸʥʹʩʠ�ʭʤʩʡʢʬ�ʹʩʹ�ʥʠʺʥ���
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� ʩʨʡʩʤʭʩʩʬʫʬʫ�ʭ� 

ʤʺʲʣ�ʤʰʺʰ�ʤʣʲʥʤ��ʤʺʣʥʡʲ�ʺʬʩʧʺʮ��ʤʩʺʥʨʬʧʤ�ʬʹ�ʭʩʩʬʫʬʫʤ�ʭʩʨʡʩʤʬ���ʺʥʩʥʬʲʤ�ʣʶʮ�ʯʤ
ʭʩʹʣʧʤ�ʭʩʰʷʺʤ�ʺʲʩʡʷʮ�ʺʲʡʥʰʤ�ʺʬʲʥʺʤ�ʣʶʡ�ʯʤʥ�ʤʣʲʥʤ�ʺʥʶʬʮʤ�ʭʥʹʩʩʡ�ʺʥʫʥʸʫ�ʥʩʤʩʹ���

ʭʩʹʣʧʤ�ʭʩʰʷʺʤ�ʭʥʹʩʩʡ�ʺʥʫʥʸʫ�ʥʩʤʩʹ�ʺʥʩʥʬʲʤ�ʺʥʬʬʥʫ�ʺʥʩʥʬʲʤ�ʺʠ��ʲʥʶʩʡ�ʬʹ�ʭʩʮʤ�ʭʥʢʩʣ
ʣʡʤ�ʲʥʶʩʡʥ�ʭʩʹʣʧ�ʭʩʡʩʫʸʮʬ�ʺʥʷʩ�ʲ�ʭʩʶʬʮʥʮʤ�ʭʩʸʷʱ�ʲʥʶʩʡ�ʬʬʥʫ�ʤʣʲʥʤ�ʩ���ʭʩʮʥʢʩʣ�ʲʥʶʩʡ�ʯʫʥ

ʺʥʷʩʣʡʤ�ʺʥʸʩʣʺ�ʺʸʡʢʤ�ʡʷʲ�ʭʩʮʩʩʷ�ʭʩʡʩʫʸʮʬ�ʭʩʴʱʥʰ�ʺʥʷʩʣʡʥ��ʪʫʬ�ʳʱʥʰʡ���ʤʸʮʧʤ�ʬʫ
�ʤʩʩʺʹʤ�ʩʮ�ʺʥʸʥʷʮʮ�ʷʬʧ�ʬʹ�ʭʩʮʡ�ʬʴʨʬ�ʪʸʥʶʬ�ʭʥʸʢʬ�ʤʬʥʬʲ�ʹʣʧ�ʯʷʺ�ʺʲʩʡʷ�ʥʠ�ʭʩʰʷʺʡ

ʭʩʮʩʩʷʤ��ʮʩʹʤ�ʺʠ�ʷʩʱʴʤʬ�ʥʠʥʬʠʫ�ʭʩʮ�ʺʥʸʥʷʮʡ�ʹʥ��ʺʥʩʥʬʲʡ�ʤʫʥʸʫ�ʺʠʦʫ�ʤʬʥʲʴ�ʬʫʹʫ��ʹʩʹ�
ʯʥʡʹʧʡ�ʯʺʥʠ�ʺʧʷʬ��ʺʥʰʷʺʤ�ʬʹ�ʲʶʥʮʤ�ʯʥʫʣʲʤʮ�ʺʥʲʡʥʰʤ�ʺʥʴʱʥʰ�ʺʥʩʥʬʲ�ʩʺʮʩ�ʪʸʥʶʬ�ʺʥʱʧ
�ʬʲ�ʧʥʷʩʴʤ�ʺʸʡʢʤʡʡʧʸʤ�ʸʥʡʩʶʤ�ʺʲʩʣʩʬ�ʭʱʸʴʬ�ʤʹʩʸʣʤʮʥ�ʺʥʰʷʺʤ�ʭʥʹʩʩ�ʬʫ�ʺʥʠʶʥʺ�ʺʠ�
�ʬʲ�ʧʥʷʩʴʤ�ʺʥʬʩʲʴʺʥʰʷʺʤ�ʭʥʹʩʩ��

�ʺʮʥʲʬ�ʺʥʩʥʬʲʺʥʰʷʺʤ�ʭʥʹʩʩ�ʬʷʰʡ�ʺʥʰʺʩʰʤ��ʩʣʮʬ�ʷʩʥʣʮ�ʯʣʮʥʠ�ʥʠ�ʤʫʸʲʤʬ��ʬʹ�ʡʥʹʩʧʤ�
ʯʺʩʰ�ʥʰʩʠʹ�ʤʠʸʰʥ�ʪʡʥʱʮ�ʸʺʥʩ�ʤʡʸʤ�ʠʥʤ�ʺʥʰʷʺʤ�ʯʥʫʣʲʮ�ʺʥʲʡʥʰʤ�ʺʥʬʲʥʺʤʳʠ��ʤʫʸʲʤʬ��

ʺʲʣʬ�ʯʺʩʰ�ʠʬʹ�ʠʩʤ�ʪʫʬ�ʺʩʰʥʹʠʸʤ�ʤʡʩʱʤʺʥʴʶʬ�ʥʠ��ʺʥʷʩʣʡʡ�ʥʬʢʺʩ�ʭʩʮʥʤʩʦ�ʤʦʩʠ��ʬʹ
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ʭʥʸʢʬ�ʭʩʬʥʬʲ�ʤʬʠ�ʭʩʮʥʤʩʦʹ�ʤʠʥʬʧʺʤ�ʺʲʩʰʮʮ��ʯʫ�ʬʲ�ʸʺʩ��ʥʡʩʹʧ�ʤʩʤʺ�ʺʥʰʷʺʤ�ʯʥʫʣʲʬ�ʺ
ʸʺʥʩʡ�ʤʡʸ�ʺʩʸʥʡʩʶ��ʭʩʮʡ�ʭʩʹʣʧ�ʭʩʮʥʤʩʦ�ʥʬʢʺʩ�ʠʬ�ʭʠ�ʭʢʴʲ��ʭʩʹʣʧʤ�ʭʩʰʷʺʤ�ʩ���ʭʩʰʷʺ�ʩʫ
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�ʠʹʥʰʡ�ʤʩʰʥʩʣʡʺʥʩʥʬʲʤ�ʤʹʥʸʣʤ�ʤʰʢʤʬ�ʤʰʥʹʠʸʥ�ʹʠʸʡ�ʱʧʩʩʺʺ�ʠʩʤ�ʩʫ�ʤʣʲʥʤ�ʤʨʩʬʧʤ�
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ʤʩʺʥʨʬʧʤ�ʱʺ�ʤʣʲʥʤʹ�ʸʧʠʬ�ʤʺʣʥʡʲ�ʺʠ�ʭʩʩ���ʺʦʫʥʸʮ�ʺʥʩʥʬʲ�ʺʫʸʲʤ�ʲʶʡʬ�ʹʷʡʺ�ʠʩʤ
ʲ�ʭʩʧʮʥʮ�ʺʥʥʶ�ʩ��ʭʩʮʩʠʺʮʤ�ʭʩʮʸʥʢʤ�ʩʰʴʡ�ʥʬʠ�ʺʥʩʥʬʲ�ʢʩʶʤʬ�ʤʩʤʩ�ʯʺʩʰʹ�ʩʣʫ��

ʤʣʲʥʤ�ʺʠʩʬʮ�ʬʹ�ʥʦ�ʤʨʬʧʤ�ʪʮʱ�ʬʲ�ʤʰʹʮʤ�ʺʥʣʲʥ�ʥʱʧʩʩʺʤ���ʥʫʤʣʲʥʤ�ʺʠʩʬʮ�ʯ���ʺʥʫʬʹʤʬ
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� ʩʡʸʮ�ʯʷʺʥ�ʩʥʶʸ�ʯʷʺ� 
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ʩʡʸʮ��ʲ�ʭʩʬʡʢʥʮʤ�ʭʩʡʩʫʸʮʤʮ�ʷʬʧ�ʸʥʡʲ�ʺʥʰʷʺʤ�ʩ���ʩʬʲʡ�ʭʩʡʩʫʸʮ�ʬʲ�ʸʷʩʲʡ�ʸʡʥʣʮʤ

ʺʩʨʴʬʥʰʢʸʥʠ�ʤʲʴʹʤ��ʭʲʨ��ʧʩʸ��ʥʫʥ�ʲʡʶ
�ʭʩʮʤ�ʬʹ����ʤʺʣʥʡʲ�ʺʬʩʧʺʡʩʩʷʤʮ��ʤʣʲʥʤ�ʯʥʩʣ
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�� ʭʩʩʬʩʲ�ʭʩʮʡ�ʤʡʥʧ�ʬʥʴʩʨ� 

ʤ�ʤʣʲʥʩʩʷʤʮ�ʯʥʩʣ��ʩʰʥʸʷʲ�ʩʺʥʠʩʸʡʤ�ʯʥʫʩʱʤ�ʬʲʺʩʩʺʹʡ�ʪʥʸʫʤ�ʩʮʭ��ʸʥʷʮʮ�ʥʠ�ʩʬʩʲ�ʭʩʮ�ʸʥʷʮʮ
ʠʶʮʰʤ�ʭʩʮʭʩʩʬʩʲ�ʭʩʮ�ʬʹ�ʤʸʩʹʩ�ʤʲʴʹʤʡ����ʯʥʢʫʥʠ�ʺʥʰʩʩʲʮ�ʩʮ�ʭʩʣʥʣʸ�ʭʥʤʺ�ʩʮ����ʭʩʮʬ�

ʤʬʠʫ��ʭʩʮʤʥʦʮ�ʭʰʩʠ�ʭʤ�ʬʬʫ�ʪʸʣʡ�ʭʠ�ʭʢ��ʠʡ�ʭʥʤʩʦ�ʸʥʣʧʬ�ʬʥʬʲʩʥʴʶ�ʠʬ�ʯʴʥ���ʭʩʮʤ�ʷʴʱʹ�ʩʬʡ
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�ʯʮʦʡ�ʩʥʤʩʦʬ�ʭʩʮʤ�ʩʰʫʸʶʬ�ʭʺʲʢʤ�ʩʰʴʬ���ʭʩʮʡ�ʳʥʶʸ�ʬʥʴʩʨ�ʹʥʸʣ�ʯʫʬʥ��ʫ�ʭʢʹʭʩʮʤʥʦʮ�ʠʬ�ʭʤ� 
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ʺʥʰʷʺʡ�ʤʹʥʸʣʤ�ʺʥʫʩʠʤʮ���ʺʥʫʩʠʡ�ʤʢʩʸʧ�ʤʺʬʢʺʤ�ʭʤʡʹ�ʭʩʮ�ʬʹ�ʡʥʡʸʲʡ�ʠʥʤ�ʸʡʥʣʮʤ
ʭʩʮʡ�ʩʥʶʮʤ�ʥʤʹʬʫ�ʡʩʫʸʮ��ʪʥʮʰ�ʠʥʤ�ʤʦ�ʡʩʫʸʮ�ʬʹ�ʦʥʫʩʸʤ�ʭʤʡʹ�ʭʩʮ�ʭʲ���ʬʹ�ʦʥʫʩʸʤ�ʸʹʠʫ
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�ʬʹ�ʭʠʺʤʡ�ʺʲʶʥʮʮ�����ʱʷʣʰʩʠʡ�DMFʭʩʩʰʩʹʡ�ʤʲʩʢʴ�ʬʹ�� 

ʣ���ʭʩʸʷʧʮʤ��ʺʥʫʩʠʡ�ʭʩʸʷʧʮ�ʷʸ�ʥʠʶʮʰC��ʭʠʺʤʡ�ʺʲʶʥʮʮ�ʤʩʩʬʲ�ʬʲ�ʭʩʠʸʮ���ʬʹ���
�ʭʩʩʰʩʹʤ�ʬʹ�ʱʩʦʥʸʥʠʥʬʴʡ�ʷʸʡʤ�ʣʥʡʩʠ�ʥʠ�ʭʩʮʺʫ��ʺʩʨʨʱʠ�ʤʩʲʡʫ�ʭʩʸʣʢʥʮʤ�� 

ʤ��ʬʴʥʮʤ�ʭʩʮʡ�ʣʩʸʥʠʥʬʴʤ�ʦʥʫʩʸ�ʭʩʸ���ʣʩʸʥʠʥʬʴ�ʬʹ�ʸʺʥʮʤ�ʦʥʫʩʸʤʮ�ʩʺʥʲʮʹʮ�ʯʴʥʠʡ�ʪʥʮʰ
ʭʩʸʬʴʥʮ�ʠʬ�ʭʩʮʡ��ʺʥʧʺʥʴʮʤ�ʺʥʶʸʠʡ� 

ʥ���ʡʶʷʡ�ʭʩʰʹʤ�ʪʸʥʠʬ�ʤʣʩʸʩ�ʺʮʢʮ�ʤʺʠʸʤ�ʺʥʰʥʹ�ʺʥʶʸʠʡ�ʺʹʹʲʤ�ʩʸʷʮ�ʸʴʱʮ�ʺʠʥʥʹʤ
ʭʩʮʤ�ʺʠ�ʯʤʡ�ʭʩʸʩʬʴʮ�ʠʬʹ�ʤʬʠʡ�ʯʤʥ�ʭʩʮʤ�ʺʠ�ʭʩʸʩʬʴʮ�ʯʤʡ�ʺʥʶʸʠʡ�ʯʤ�ʤʮʥʣ� 

�ʺʥʶʸʠʡ�ʤʠʶʮʰʹ�ʺʩʬʬʫʤ�ʤʮʢʮʤ�ʺʮʥʲʬ�ʺʥʰʥʹ�ʬʩʲʬ�ʸʥʮʠʫ���ʬ�ʥʢʶʥʤʤʣʲʥʥ�ʩʠʶʮʮ�ʩʮʥʫʩʱ�
�ʵʸʠʡ�ʥʫʸʲʰʹ�ʭʩʸʷʧʮ��ʺʰʹʡ�ʪʸʲʰ�ʯʥʸʧʠʤ��������ʬʥʣʢ�ʬʣʡʤ�ʹʩ�ʯʩʩʣʲ�ʵʸʠʡʹ�ʥʠʸʤʹ

�ʭʩʩʰʩʹʤ�ʺʹʹʲʡ�ʤʠʥʬʧʺʡ��ʫ�ʬʹ�ʺʷʤʡʥʮ�ʤʣʩʸʩ����ʡ�DMFT��ʩʰʡ�ʭʩʣʬʩ�ʡʸʷʡ������
ʭʩʸʬʴʥʮ�ʭʩʮʤ�ʭʤʡ�ʭʩʸʥʦʠʡ��ʩʮʡ�ʣʩʸʥʠʥʬʴʤ�ʦʥʫʩʸ�ʭʤʡ�ʭʩʸʥʦʠ�ʺʮʥʲʬʩʣʮ�ʪʥʮʰ�ʭ���ʺʮʥʲʬ

ʺʷʤʡʥʮ�ʠʬ�ʤʬʷ�ʤʩʬʲ�ʷʸ�ʤʠʶʮʰ�ʱʩʦʥʸʥʠʥʬʴʤ�ʩʡʢʬ�ʺʠʦ���ʬʹ�ʤʸʥʮʧʤ�ʤʢʸʣʡ�ʸʹʠʫ
�ʭʩʮʤ�ʭʤʡ�ʭʩʸʥʦʠʡ�ʤʣʩʸʩ�ʥʬʩʴʠ�ʤʠʶʮʰ�ʤʬʷʤ�ʤʢʸʣʡʥ�ʤʩʩʬʲ�ʬʫ�ʤʠʶʮʰ�ʠʬ�ʱʩʦʥʸʥʠʥʬʴ

�ʭʩʸʬʴʥʮ�ʭʩʸʬʴʥʮ�ʠʬ�ʭʩʮʤ�ʭʤʡ�ʭʩʸʥʦʠ�ʺʮʥʲʬ���
ʺʠʦ�ʭʲ�ʣʧʩ��ʤʣʲʥʡʥʬʲʥʤ���ʭʢʭʩʰʥʲʩʨ�ʩʮ�ʺʸʬʴʤ�ʩʫ��ʺʲʩʰʮʬ�ʬʩʲʩ�ʠʬ�ʪʩʬʤʺ�ʠʩʤ�ʤʩʩʺʹ

ʺʹʹʲ��ʺʩʺʡʩʡʱʥ�ʺʩʺʥʠʩʸʡʤ�ʤʰʩʧʡʤʮ�ʯʮʥʺ�ʣʲ�ʥʸʷʧʰ�ʠʬʹ�ʺʥʡʸ�ʺʥʲʴʹʤ�ʬʲʡ���ʩʫʥ
ʠʮʩʩʷ�ʯʡ�ʪʩʬʤʺ�ʤʰʩʠ�ʤʸʬʴʤʤ���ʤʺʥʠ�ʥʶʮʩʠ�ʺʥʧʺʥʴʮ�ʺʥʰʩʣʮ�ʨʲʮ�ʯʫʬʥʣʡʬʡ�ʺʩʷʬʧ�ʤʸʥʶʡ� 

ʮʤ�ʩʰʹ�ʬʹ�ʺʥʰʷʱʮʬ�ʤʱʧʩʩʺʤʡʭʩʴʩʷʮʤ�ʭʩʸʷʧ��ʺʲʴʹʤ�ʬʲ�ʭʩʠʶʮʮʬ�ʬʠʸʹʩʡ�ʤʸʬʴʤʤ�
ʥʬʲʥʤʹ�ʺʥʰʲʨʬʥ��ʯʮʷʬʣʫ�ʤʣʲʥʤ�ʤʶʩʬʮʮ��

�
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�
ʠ�ʣʩʸʥʠʥʬʴ�ʦʥʫʩʸ��ʩʡʸʩʮʭʩʮʡʸʠʹʩʩ��ʺʥʮʩʩʷʤ�ʺʥʮʸʡ�ʺʥʰʷʺʡ�ʭʥʩʫ�����ʢʮ��ʠ�ʸʥʦʠʡ�ʬ
�

�ʣʧʥʩʮʡ�ʭʩʮʧʤ�ʭʩʸʥʦʠʤ��ʥ����ʢʮ��ʡ�ʸʥʦʠʡ�ʬ
� 
ʡ�ʭʩʸʬʴʥʮ�ʭʩʮ�ʸʥʡʲ���ʩʡʨʩʮʤ�ʦʥʫʩʸʤʭʩʮʡ�ʣʩʸʥʠʥʬʴ�ʬʹ�ʤʩʤʩ����ʢʮ���ʥ�ʬ���ʢʮ��ʬ��

ʠ�ʭʩʸʥʦʠʡ�
ʡʥ�
ʤʮʠʺʤʡ��

ʮ�ʺʥʢʩʩʺʱʤ�ʩʺʹʶʬʮʤʥʬʠ�ʺʥʱʮ�ʧʴʱʰʡ�ʺʴʸʥʶʮ�
��� 

ʢ�ʩʮʩ�ʸʥʮʠʤ�ʩʡʨʩʮʤ�ʦʥʫʩʸʬ�ʥʸʬʴʥʩ�ʭʩʬʴʺʥʮ�ʭ��ʭʩʰʫʸʶʬ�ʭʺʷʴʱʠ�ʩʰʴʬ� 

ʱʮ�ʧʴʱʰʡ�ʺʴʸʥʶʮ�ʭʩʬʴʺʥʮ�ʭʩʮ�ʺʸʬʴʤ�ʡʩʩʧʬ�ʤʶʬʮʤʮ�ʺʥʢʩʩʺʱʤ�
�� 

ʣ��ʭʣʷʤʡ�ʲʶʥʡʩʧʥʥʨ�ʪʥʸʠ�ʸʷʧʮ��ʤʸʬʴʤʤ�ʺʲʴʹʤ�ʺʠ�ʯʧʡʩʹ��ʤʠʥʬʧʺʤ�ʺʰʨʷʤ�ʬʲ
ʬʴʤ�ʺʸʡʢʤ�ʬʲʥ�ʺʹʹʲʡʭʩʰʩʹʡ�ʱʩʦʥʸʥʠʥ��ʬʠʸʹʩ�ʺʰʩʣʮ�ʩʠʰʺʡ��ʥ�ʤʰʥʥʫʤʡ�ʺʣʲʥ�ʧʥʷʩʴ

ʸʺʬʠʬ�ʭʷʥʺʹ�ʤʩʥʬʺ�ʩʺʬʡ�ʩʥʢʤ���ʪʥʺʡ�ʪʸʲʩ�ʸʷʧʮʤ�ʩʠʶʮʮ�ʬʲ�ʯʥʩʣ��ʭʩʰʹ�� 
ʤ�ʭʩʰʹ�ʹʮʧ�ʣʥʲʡ�ʤʸʬʴʤʤ�ʠʹʥʰʡ�ʺʩʰʹ�ʯʥʣʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤ�� 
�

ʹ�ʯʥʩʣʡʤ�ʺʡʥʧ�ʪʹʮʤ�ʩʡʢʬ�ʤʮʩʩʷ�ʤʣʲʥʤʸʬʴʺʭʩʮʤ���ʤʣʲʥʤ�ʤʨʩʬʧʤ���ʬʹ�ʡʥʸʡ��ʺʮʥʲʬ�
�ʥ�ʣʧʠ�ʲʰʮʰ��ʤʬʩʬʮʵʤʸʬʴʤʤ�ʺʡʥʧ�ʺʠ�ʬʨʡʬ���ʤʩʤʺ�ʠʬ�ʠʩʤʹ�ʪʫʺʩʺʫʬʮʮ�ʤʡʥʧ��

ʺʴʸʥʢ��ʠʬʠ�ʤʨʬʧʤʬ�ʤʰʥʺʰʭʥʷʮ�ʬʫʡ�ʸʥʡʩʶʤ�ʩʫʸʶ�ʩʴ�ʬʲ���

ʤʶʬʮʤʤʮ�ʺʥʢʩʩʺʱʤ�ʤʸʬʴʤʤ�ʺʡʥʧ�ʺʠ�ʬʨʡʬ��ʱʮ�ʧʴʱʰʡ�ʺʴʸʥʶʮ�
���

� �ʯʷʺʤʸʴʥʢʬ�ʡʤʩʩʺʹʤ�ʩʮ 

�ʤʩʩʺʹʤ�ʩʮ�ʬʹ�ʭʺʥʫʩʠ�ʸʡʣʡ�ʺʥʮʩʩʷʤ�ʺʥʰʷʺʤʺʥʬʬʥʫ�ʬʹ�ʯʷʺ����ʢʮ��ʩʥʶʸ�ʩʡʸʮ�ʦʥʫʩʸʫ�ʬ��
�ʬʹ�ʯʷʺʥ�����ʢʮ���ʺʥʧʴ�ʬ��ʩʴ�ʭʥʩʦʰʢʮʤ�ʦʥʫʩʸ�����ʸʺʥʮ�ʩʡʸʮ�ʦʥʫʩʸʫ����ʯʷʺ�ʺʲʩʡʷʬ�ʤʡʩʱʤ

�ʹʹʧʤ�ʤʩʤ�ʤʦʫ�ʪʡʥʱʮʣʧʩ�ʭʢ�ʭʥʩʦʰʢʮʥ�ʤʸʴʥʢ�ʬʹ�ʺʩʱʧʩ�ʤʥʡʢ�ʦʥʫʩʸ�ʭʩʬʩʫʮʤ�ʭʩʮʹ���ʭʩʬʥʫʩ
�ʭʩʮʤ�ʩʰʫʸʶ�ʬʶʠ�ʭʩʬʥʹʬʹʬ�ʭʥʸʢʬ��ʤʰʥʫʹ�ʤʮ�ʺʠ�ʭʩʥʥʤʮ�ʤʬʠ�ʭʩʧʬʮ�ʠ�ʧʬʮʩʬʢʰ���ʠʩʤʹ

ʺʬʹʬʹʮ�ʤʴʥʸʺ����ʤʡʸʲʤ�ʭʥʸʣʡ�ʭʩʮʡ�ʸʷʩʲʡ�ʺʮʩʩʷ�ʤʺʩʩʤ�ʩʣʮ�ʭʩʤʥʡʢ�ʭʩʦʥʫʩʸʬ�ʤʰʫʱʤ
ʺʬʩʠ�ʸʥʦʠʥ��

ʩʰʥʩʣʡʭʩʮʡ�ʤʸʴʥʢʤ�ʬʹ�ʸʺʥʮʤ�ʦʥʫʩʸʤ�ʺʠ�ʯʩʨʷʤʬ�ʯʥʶʸʤ�ʤʬʲʥʤ�ʤʣʲʥʤ��ʬ����ʢʮ��ʬ��
ʩʣʮ�ʤʥʡʢ�ʤʸʴʥʢʤ�ʦʥʫʩʸ�ʭʤʡ�ʭʩʮ�ʺʥʸʥʷʮ�ʬʹ�ʯʷʺʬ�ʤʮʠʺʤʡ�ʭʩʩʹʲʮʤ�ʭʩʩʹʷʡ�ʡʹʧʺʤʡ��

�ʤʶʩʬʮʮʭʩʡʬʹ�ʩʰʹʡ�ʲʶʡʺʺ�ʤʸʴʥʢʬ�ʯʷʺʤ�ʺʸʮʧʤʹ�ʤʣʲʥʤ���ʯʥʹʠʸʤ�ʡʬʹʡ��ʺʱʩʰʫ�ʭʲ
ʬʲʥʴʬ�ʺʥʰʷʺʤ�ʬʹ�ʯʥʫʣʲʤ���ʬ�ʺʩʡʸʮʤ�ʤʮʸʤ�ʣʸʺ���ʢʮ���ʬ��ʭʥʩʦʰʢʮʤ�ʺʮʸʡ�ʡʹʧʺʤʬ�ʩʬʡ

ʭʩʮʡ����ʩʰʹʤ�ʡʬʹʡʥ��ʸʧʠʬ�ʭʩʰʹ����ʬ�ʺʩʡʸʮʤ�ʤʮʸʤ�ʣʸʺ���ʢʮ���ʬ��ʤʮʸʤ�ʠʩʤ�ʺʠʦʹ
ʺʥʮʩʩʷʤ�ʺʥʰʷʺʡ�ʤʩʥʶʸʤ�ʺʩʡʸʮʤ���

� ʬ�ʯʷʺʸʥʬʫʡ�ʭʩʣʩʤʩʩʺʹʤ�ʩʮ 

ʫ�ʺʥʮʩʩʷʤ�ʺʥʰʷʺʤ�ʺʥʬʬʥ�ʬʹ�ʯʷʺ���ʢʮ��ʩʥʶʸ�ʩʡʸʮ�ʦʥʫʩʸʫ�ʬ���ʬʹ�ʯʷʺʥ���ʢʮ���ʩʡʸʮ�ʦʥʫʩʸʫ�ʬ
ʸʺʥʮ��ʭʩʮʤ�ʺʩʩʺʹʡ�ʩʺʥʠʩʸʡ�ʯʥʫʩʱ�ʭʩʥʥʤʮ�ʭʰʩʠ�ʭʰʮʠ�ʭʩʮʡ�ʭʩʣʩʸʥʬʫ�ʬʹ�ʭʩʤʥʡʢ�ʭʩʦʥʫʩʸ���ʪʠ

ʺʹ�ʺʰʨʷʤʬ�ʭʥʸʢʬ�ʭʩʬʥʬʲ�ʯʫʬʥ�ʭʩʮʤ�ʭʲʨʡ�ʭʩʲʢʥʴ�ʭʤʩʩ�ʭʩʮ�ʺ��ʩʺʥʠʩʸʡ�ʷʦʰʬʥ�ʤʠʶʥʺʫ�ʳʩʷʲ�
ʪʫʮ���ʯʫʬʹ�ʤʲʣʡ�ʤʣʲʥʤ�ʤʺʩʩʤ�ʩʥʶʸʤʩʩʺʹʤ�ʩʮʡ�ʭʩʣʩʸʥʬʫ�ʬʹ�ʩʡʸʮʤ�ʦʥʫʩʸʤ�ʺʠ�ʯʩʨʷʤʬ�

ʸʹʴʠʤ�ʺʣʩʮʡ��

�ʤʸʲ�ʤʺʩʩʤ�ʤʣʲʥʤʬʮʤ�ʭʩʩʹʷʺʮʠʺʤʡ�ʪʸʥʶʤʮ�ʤʠʶʥʺʫ�ʥʩʤʩʹ�ʭʩʩʹʲʭʩʡʸ�ʭʩʮ�ʺʥʸʥʷʮ���ʯʷʺʬ
ʲʶʥʮʤ�ʹʣʧʤ���ʯʫʬʥ�ʠʩʤʭʩʡʬʹ�ʩʰʹʡ�ʲʶʡʺʺ�ʯʷʺʤ�ʺʸʮʧʤʹ�ʤʶʩʬʮʮ���ʯʥʹʠʸʤ�ʡʬʹʡ�ʭʲ�

ʺʱʩʰʫʥ��ʬʹ�ʬʲʥʴʬ�ʯʥʫʣʲʺʤʺʥʰʷ���ʺʩʡʸʮʤ�ʤʮʸʤ�ʣʸʺ�ʬ���ʢʮ��ʬ���ʡʬʹʡʥ�ʩʰʹ��ʸʧʠʬ�ʹʮʧ
ʭʩʰʹ���ʺʩʡʸʮʤ�ʤʮʸʤ�ʣʸʺʣʲʬ�����ʢʮ��ʬ��
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� �ʯʷʺ�ʭʩʸʮʥʧʬʡʩʨʷʠʥʩʣʸʩʩʭ�ʡʤʩʩʺʹ�ʩʮ 

�ʯʷʺ�ʺʲʩʡʷ�ʭʩʸʮʥʧʬʩʡʩʨʷʠʥʩʣʸʭʩ�ʡ�ʤʰʥʹ�ʤʩʩʺʹ�ʩʮʩʮʩʫ�ʡʩʫʸʮʬ�ʯʷʺ�ʬʫ�ʬʹ�ʤʲʩʡʷʤʮ���ʺʥʩʤ
�ʺʩʡʩʨʷʠʥʩʣʸʤ�ʤʰʩʸʷʡʹʤʤʠʩʤ�ʺʥʱʧʩʩʺʣʧʩ�ʭʢ�ʤʰʩʸʷʤ�ʺʥʸʥʷʮ�ʬʫʮ�ʤʰʩʸʷʤ�ʭʥʫʱʬ���

ʨʬʷʰʤʪʥʸʠ�ʯʮʦ�ʪʸʥʠʬ�ʺ��ʪʫʮ�ʠʶʥʩ�ʬʲʥʴʫ���ʩʡʩʨʷʠʥʩʣʸʤ�ʯʷʺʤ�ʥʰʩʠʱʧʩʩʺʮʺʰʩʸʷʬ��ʸʮʥʧ�ʬʫ�
ʣʸʴʰʡ�ʩʡʩʨʷʠʥʩʣʸ��ʤʰʩʸʷʬ�ʠʬʠʣʧʩ�ʭʢ�ʭʩʮʡ�ʭʩʩʡʩʨʷʠʥʩʣʸʤ�ʭʩʸʮʥʧʤ�ʬʫ�ʬʹ�ʺʩʮʥʫʱʤ���

�ʪʹʮʡʤʰʹ�ʬʹ�ʤʴʥʷʺ���ʯʷʺʤ�ʲʡʥʷʪʫʬ�ʭʠʺʤʡ��ʬʥʡʢʤʰʩʸʷʤ�ʺʰʮʬʺʩʺʰʹʤ��ʭʩʸʮʥʧʤ�ʬʫ�ʬʹ�
ʭʩʮʡ�ʭʩʠʶʮʰʤ�ʭʩʩʡʩʨʷʠʥʩʣʸʤ��ʭʩʩʸʷʲʤ�ʭʩʩʮʥʠʬʰʩʡʤ�ʭʩʴʥʢʤ�ʺʶʬʮʤʬ�ʤʮʥʣʡ��

ʤʲʩʶʮ�ʤʣʲʥʤ�ʺʠ�ʲʥʡʷʬ�ʩʺʰʹʤ�ʤʰʮʤ�ʬʥʡʢ��ʭʩʮ�ʺʩʩʺʹʮ�ʤʠʶʥʺʫ�ʬ�������ʨʸʥʥʩʱʩʬʩʮ�
�0.1 mSv���

ʮʡ�ʠʶʮʩʤʬ�ʭʩʬʥʬʲʤ�ʭʩʸʮʥʧʤ�ʬʫ�ʬʹ�ʺʥʩʡʩʨʷʠʥʩʣʸʤ�ʺʠ�ʷʥʣʡʬ�ʩʹʥʷ�ʹʩʹ�ʸʧʠʮʭʩ���ʺʫʸʲʰ
�ʺʩʮʣʷʮ�ʤʷʩʣʡ�ʬʫ�ʭʣʥʷ�ʩʨʬʥʴ�ʪʱ�ʬʹ�ʺʥʩʡʩʨʷʠʤ�ʦʥʫʩʸʬá�ʩʨʬʥʴ�ʪʱʥ�â��ʷʸ��ʺʥʠʶʥʺ�ʭʠ

�ʮ�ʺʥʤʥʡʢ�ʺʥʷʩʣʡʤ����ʸʨʩʬʬ�ʬʸʷʡ�á�ʥʠ���ʸʨʩʬʬ�ʬʸʷʡ�â���ʺʥʩʡʩʨʷʠʤ�ʦʥʫʩʸ�ʺʺʧʴʤ�ʩʸʧʠ
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� ʤʩʩʺʹʤ�ʩʮ�ʬʹ�ʺʸʺʥʮ�ʺʥʸʩʫʲ� 
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ʬ�ʯʫʥʫ�ʹʮʹʭʩʮʡ�ʬʥʴʩʨʤ�ʺʥʫʩʠ�ʬʹ�ʣʣʮ��ʬʹ�ʤʴʩʷʲ�ʤʣʩʣʮʬ�ʺʹʮʹʮ�ʺʥʸʩʫʲʤ�ʪʫʮ�ʤʠʶʥʺʫ�
ʭʩʮʡ�ʬʥʴʩʨ�ʩʫʩʬʤʺ�ʬʹ�ʥʠ�ʭʩʮʤ�ʺʥʫʩʠ��ʯʬʤʬ�ʨʸʥʴʮʫ��

ʠ��ʤʩʩʺʹ�ʩʮʫ�ʭʩʷʴʥʱʮʤ�ʭʩʮʤ�ʺʥʫʸʲʮʡ���ʭʩʷʩʷʬʧ�ʺʥʠʶʮʤʬ�ʣʣʮ�ʤʥʥʤʮ�ʺʥʸʩʫʲʤ
ʭʩʮʡ�ʭʩʰʨʷ��ʭʰʩʠ�ʭʮʶʲʬʹʫ�ʭʤʹ�ʺʥʸʮʬʹʧʸʫʤʡ��ʭʩʷʩʦʮ���ʹʮʹʬ�ʭʩʬʥʫʩ�ʭʤ

ʭʩʴʩʢʰʥ�ʭʩʷʣʩʩʧʬ�ʸʥʺʱʮʫ��ʲ�ʺʲʶʥʡʮʤ�ʩʥʨʩʧʤ�ʺʬʥʲʴ�ʩʰʴʮ�ʭʤʩʬʲ�ʯʢʤʬʥ��ʸʥʬʫʤ�ʩ
ʭʩʮʡʹ��ʤʣʡʲʮʤ�ʺʥʷʩʣʡʡ�ʲʩʸʴʤʬ�ʭʩʬʥʬʲ�ʭʢ�ʤʬʠ�ʭʩʷʩʷʬʧ��ʭʩʮʡ�ʭʩʷʣʩʩʧʤ�ʩʥʬʩʢʬ��

ʤʮʶʲ�ʭʩʮʤ�ʺʫʸʲʮʡ�ʺʥʩʲʡ�ʬʲ�ʲʩʡʶʤʬ�ʤʬʥʫʩ�ʺʥʸʩʫʲʤ�ʪʫʬ�ʳʱʥʰʡ���ʤʩʦʥʸʥʷ�ʯʥʢʫ
ʸʡʨʶʤ�ʥʠ�ʺʫʸʲʮʡʺʸʰʶʡ�ʭʩʲʷʹʮ�ʺʥ�� 

ʡ��ʤʩʩʺʹ�ʩʮ�ʸʥʷʮʡ���ʸʹʷ�ʬʲ�ʤʲʩʡʶʮ�ʩʰʢʸʥʠ�ʸʥʷʮʮ�ʭʩʷʩʷʬʧ�ʺʥʧʫʥʰʮ�ʺʲʡʥʰʤ�ʺʥʸʩʫʲ
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ʣ���ʤʬʴʺʤ�ʯʷʺʮʮ�ʭʩʮʤ�ʺʠʩʶʩʡ±�ʺʧʠʡ�ʺʩʸʹʴʠ�ʤʶʩʸʴ�ʬʲ�ʤʲʩʡʶʮ�ʺʥʸʩʫʲʡ�ʤʩʩʬʲ�
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ʺʩʬʠʩʡʥʸʷʩʮ�ʤʷʩʣʡʬ�ʺʫʸʲʮʤʮ�ʭʩʮ�ʭʥʢʩʣ�ʬʫʬ�ʣʥʮʶʡ����ʤʣʲʥʤ�ʤʸʹʩʠʤ�ʺʠ�ʺʥʩʧʰʤ
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ʭʩʮʤ��ʲʥʶʩʡ�ʤʫʩʸʶʮ�ʠʬʠʺʥʰʷʺʮ�ʺʥʬʥʲʴʥ�ʺʥʸʦʥʧ�ʺʥʷʩʣʡ����
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ʤʴʩʷʲʯʫʥ�ʤʷʴʱʠʤ�ʺʫʸʲʮʡ�ʸʥʡʩʶʤ�ʯʥʮʠ�ʺʠ�ʯʩʨʷʤʬ���
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� ʺʸʥʨʸʴʮʨʩʮʤ�ʭ 
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ʤʶʩʬʮʮ�ʤʣʲʥʤ�ʺʠ�ʳʩʱʥʤʬ��ʤʸʥʨʸʴʮʨʤʬ�ʺʩʨʴʬʥʰʢʸʥʠʤ�ʤʬʡʨ�ʬʹ�ʤʸʣʢʤʡ�����ʠʬ
ʤʧʥʣ����ʸʷʱ�ʲʶʥʡʩ�ʬʩʡʷʮʡ�ʬʹʴʮʨʺʸʥʨʸʩʥʥʷʡ�ʭʩʮʤ�ʩʰʥʹ�ʤʫʬʥʤ��ʭʥʩʠʰʺʡʸʩʥʥʠ�ʢʦʮ��
ʭʩʰʥʹ��ʭʩʷʥʣʡ�ʭʩʩʸʴʱʮ�ʭʩʰʥʺʰ�ʭʲ�ʹʣʥʧʮ�ʯʥʩʣ�ʣʩʺʲʡ�ʸʹʴʠʬ�ʩʣʫ��

�

ʥ��ʤʩʩʺʹʤ�ʩʮ�ʭʲ�ʲʢʮʡ�ʭʩʠʡʤ�ʭʩʸʮʥʧ�

ʭʩʰʥʹ�ʭʩʸʮʥʧ�ʭʲ�ʲʢʮʡ�ʭʩʠʡ�ʭʩʰʫʸʶʬ�ʭʩʷʴʥʱʮʤ�ʭʩʮʤ��ʬʹ�ʺʥʰʥʹʤ�ʤʫʬʥʤʤ�ʺʥʫʸʲʮʡ�ʸʷʩʲʡ�
ʭʩʮʤ���ʤʫʬʥʤʤ�ʺʥʫʸʲʮʮ�ʷʬʧ�ʭʩʥʥʤʮʤ�ʭʩʰʥʹ�ʭʩʸʦʡʠʡʥ�ʭʩʮʡ�ʬʥʴʩʨ�ʩʰʷʺʮʡ�ʭʢ�ʬʡʠ

�ʺʥʩʺʩʡʤ�ʺʥʫʸʲʮʤʥ�ʭʩʮ�ʩʦʸʡ�ʯʥʢʫ����ʹʩʹ�ʲʥʣʩ�ʺʠʦ�ʭʲ�ʣʧʩʤʣʩʣʰ��ʩʸʮʥʧ�ʬʹ�ʭʩʮʬ�ʤʴʩʬʣ
ʤʰʡʮ�ʸʰʶʮʠʤʮ�ʥʠ�ʭʩʮʤ�ʺʲʢʮʡ�ʭʺʩʠ�ʭʩʠʡ�ʭʩʮʤʹ�ʭʩʸʦʡ���ʲʥʡʷʬ�ʪʸʥʶʤ�ʸʸʥʲʺʤ�ʪʫ�ʡʷʲ

ʲʢʮʡ�ʭʺʩʠ�ʠʥʡʬ�ʭʩʬʥʫʩ�ʭʩʮʤʹ�ʭʩʸʮʥʧ�ʩʢʥʱ�ʬʲ�ʺʥʬʡʢʮ��

ʥʧʺʡ�ʪʮʺʱʤʬ�ʭʫʥʱ�ʤʣʲʥʤ�ʩʰʥʩʣʡʺʥʬʩʲʴ�ʬʲ�ʤʦ�ʭʩʬʠʸʹʩʤ�ʭʩʰʷʺʤ�ʯʥʫʮ����ʩʢʥʱ�ʺʠ�ʯʧʥʡʤ
ʤʩʩʺʹʤ�ʩʮ�ʭʲ�ʲʢʮʡ�ʠʥʡʬ�ʭʩʬʥʫʩʹ�ʭʩʸʮʥʧʤ��ʷʩʲʡ�ʪʮʺʱʮ�ʥʮʶʲ�ʭʩʰʷʺʤ�ʯʥʫʮ�ʸʹʠʫ�ʬʲ�ʸ

ʭʩʩʮʥʠʬʰʩʡ�ʭʩʰʷʺ��ʥʰʬʹ�ʺʥʰʷʺʤ�ʺʰʥʫʺʮʬʥ�ʵʸʠʡ�ʭʩʸʸʥʹʤ�ʭʩʠʰʺʬ�ʭʩʮʩʠʺʮ�ʥʠʶʮʰʹ��

ʩʫ�ʺʥʰʷʺʡ�ʹʥʸʣʬ�ʤʣʲʥʤ�ʤʶʩʬʮʮ�ʬʩʲʬ�ʸʥʮʠʬ�ʭʠʺʤʡ��

ʥʺʥʩʸʧʠʡʹ�ʭʩʮʤ�ʺʫʸʲʮʡ�ʤʩʩʺʹ�ʩʮ�ʭʲ�ʲʢʮʡ�ʭʩʠʡʤ�ʭʩʸʶʥʮ�ʷʴʱ�ʯʩʷʺʩ�ʠʬ���ʯʫ�ʭʠ�ʠʬʠ
ʺ�ʺʥʹʩʸʣʡ�ʭʩʣʮʥʲ�ʭʤ�ʩ��������ʺʥʷʩʣʡʲʢʮʡ�ʭʩʠʡʤ�ʭʩʸʶʥʮ�ʤʩʩʺʹ�ʩʮ�ʭʲ�����ʹʩʹ�ʥʠ

ʺʥʠʩʸʡʤ�ʺʥʹʸʮ�ʩʰʮʦ�ʸʥʹʩʠ�ʭʤʩʡʢʬ��

�
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ʦ��ʤʩʩʺʹʤ�ʩʮʡ�ʬʥʴʩʨʬ�ʭʩʬʷʩʮʩʫ�

� ʭʩʬʷʩʮʩʫ�ʩʢʥʱ 

ʤʩʩʺʹʤ�ʩʮʡ�ʭʩʰʥʹ�ʭʩʬʥʴʩʨʬ�ʭʩʹʮʹʮʤ�ʭʩʬʷʩʮʩʫʤ�ʩʡʢʬ���ʪʸʥʶ�ʹʩ�ʩʢʥʱ�ʺʠ�ʣʧʠ�ʣʶʮ�ʬʩʡʢʤʬ
ʤʩʩʺʹ�ʩʮʡ�ʬʥʴʩʨʤ�ʪʬʤʮʡ�ʹʮʺʹʤʬ�ʯʺʩʰ�ʭʤʡʹ�ʭʩʸʮʥʧʤ��ʠ�ʲʥʡʷʬ�ʪʸʥʶ�ʹʩ�ʩʰʹʤ�ʣʶʤʮʥ�ʺ

ʤʬʠ�ʭʩʸʮʥʧ�ʬʹ�ʯʥʩʷʩʰʤ�ʺʮʸ���ʩʣʫ�ʺʠ�ʥʮʤʦʩ�ʠʬ�ʤʬʠ�ʭʩʸʮʥʧʹ�ʧʩʨʡʤʬʤʩʩʺʹʤ�ʩʮ��

ʦ�ʭʥʧʺʡ�ʭʢ�ʺʥʬʩʲʴ�ʬʲ�ʪʮʺʱʤʬ�ʤʣʲʥʤ�ʤʮʫʩʱ�ʤʩʬʠʸʹʩʤ�ʭʩʰʷʺʤ�ʯʥʫʮ���ʩʫ�ʤʶʩʬʮʮ�ʠʩʤʥ�ʠʬ
ʭʩʮʡ�ʬʥʴʩʨʬ�ʸʮʥʧʡ�ʭʩʮ�ʷʴʱ�ʹʮʺʹʩ���ʺʥʹʩʸʣʡ�ʣʮʥʲ�ʠʥʤ�ʯʫ�ʭʠ�ʠʬʠʺ�ʩ�������

�ʭʩʬʷʩʮʩʫ�ʭʩʣʲʥʩʮʤ�ʭʩʮʡ�ʬʥʴʩʨʬ�ʤʩʩʺʹʬ���ʺʥʠʩʸʡʤ�ʺʥʹʸ�ʤʸʹʩʠʹ�ʸʧʠ�ʸʮʥʧ�ʥʠ��

� �ʩʦʥʫʩʸʩʥʨʩʧʤ�ʬʹ�ʩʠʥʥʬ�ʩʸʶʥʺʥ�ʩʥʨʩʧ�ʩʸʮʥʧʭʩʮʡ� 

ʺʩʠʥʸʡʺʤ�ʭʺʥʫʩʠ�ʬʲ�ʸʥʮʹʬ�ʩʣʫ�ʩʧʸʫʤ�ʤʩʩʺʹʤ�ʩʮ�ʩʥʨʩʧ���ʤʠʥʬʧʺ�ʬʹ�ʭʩʰʥʫʩʱ�ʲʥʰʮʬʥ
ʭʩʮʤ�ʬʹ�ʭʩʩʬʠʩʡʥʸʷʩʮ�ʭʩʮʥʤʩʦʮ�ʸʥʷʮʡ�ʭʩʮʤ�ʩʥʨʩʧ�ʯʩʡ�ʬʩʣʡʤʬ�ʹʩ�ʭʩʮʤ�ʩʥʨʩʧʡ����ʣʲʥʩʮʤ

ʢ�ʺʣʮʹʤʬʭʩʮʡ�ʺʥʩʤʬ�ʭʩʬʥʬʲ�ʥʠ�ʭʩʮʩʩʷʹ�ʭʥʤʩʦ�ʩʮʸʥ��ʩʺʩʸʠʹ�ʩʥʨʩʧ�ʯʩʡʬ���ʧʩʨʡʤʬ�ʣʲʥʩʮʤ
ʤʷʴʱʠʤ�ʺʥʫʸʲʮʡ�ʭʩʮʸʥʦʤ�ʭʩʮʡʹ��ʩʥʨʩʧ�ʸʮʥʧ�ʯʮʦʤ�ʬʫ�ʤʩʤʩ����ʭʥʤʩʦ�ʩʮʸʥʢ�ʣʩʮʹʤʬ�ʣʲʥʩʮʤ

�ʺʫʸʲʮʡ�ʤʬʷʺ�ʡʷʲ�ʭʩʮʤ�ʺʫʸʲʮʬ�ʥʱʰʫʩʩ�ʭʤ�ʭʠ���

ʭʩʮʡ�ʩʺʩʸʠʹʤ�ʩʥʨʩʧʤ�ʸʮʥʧʬ�ʱʧʩʩʺʤʡ���ʩʫ�ʯʥʡʹʧʡ�ʠʩʡʤʬ�ʪʩʸʶʭʢ�ʠʬʠ�ʩʣʮ�ʪʥʮʰ�ʦʥʫʩʸ�ʷʸ�ʠʬ�
ʭʩʮʤ�ʩʺʥʹʬ�ʩʺʥʠʩʸʡ�ʯʥʫʩʱ�ʤʥʥʤʮ�ʩʥʨʩʧʤ�ʩʸʮʥʧ�ʬʹ�ʩʣʮ�ʤʥʡʢ�ʦʥʫʩʸ��ʪʫʬ�ʳʱʥʰʡʩʫ�ʲʥʣʩ��ʬʫ�

ʹ�ʭʩʢʥʱ�ʺʥʸʶʥʥʩʤʬ�ʭʢ�ʭʸʥʢ�ʩʥʨʩʧ�ʸʮʥʧʭʩʮʡ�ʩʠʥʥʬ�ʺʥʡʥʫʸʺ�ʬʹ�ʭʩʰʥ��ʹ�ʺʥʬʥʬʲ±�ʤʮʸʡ�ʯʤʹʫ�
�ʺʢʸʥʧ��ʭʩʮʤ�ʩʺʥʹʬ�ʤʠʥʬʧʺʬ�ʭʥʸʢʬ���ʭʢ�ʥʬʠ�ʩʠʥʥʬ�ʺʥʡʥʫʸʺʮ�ʷʬʧ�ʧʩʸʥ�ʭʲʨ�ʺʥʩʲʡʬ�ʺʥʮʸʥʢ
ʭʩʮʡ��

�ʺʠ�ʯʰʫʺʩ�ʭʩʮ�ʷʴʱ�ʬʫʹ�ʯʫʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤʯʴʥʠʭʩʮʤ�ʩʥʨʩʧ�ʺʥʫʸʲʮʡ�ʥʬʹ����ʣʲ�ʺʩʧʴʩʹ�ʯʴʥʠʡ
ʤʩʩʺʹʤ�ʩʮʡ�ʩʥʨʩʧʤ�ʬʹ�ʩʠʥʥʬʤ�ʩʸʶʥʺ�ʺʠ�ʯʺʩʰʹ�ʤʮʫ���ʺʥʨʩʹʤ�ʺʧʠʺʩʩʲʡ�ʺʰʨʷʤʬ�ʺʥʸʶʥʥʩʤ�

ʲ�ʩʥʨʩʧʤ�ʠʩʤ�ʭʩʮʡ�ʩʠʥʥʬ�ʺʥʡʥʫʸʺ��ʺʰʩʸʷ�ʩUV�±ʬ�ʭʩʴʩʱʥʮ�ʤʩʸʧʠʬʹʫ��ʩʥʨʩʧ�ʸʮʥʧ�ʭʢ�ʭʩʮ
ʩʺʩʸʠʹ��

ʭʩʰʫʸʶʬ�ʺʷʴʥʱʮʤ�ʭʩʮʤ�ʺʥʫʩʠ�ʺʠ�ʧʩʨʡʤʬ�ʩʣʫ���ʺʥʫʩʸʶ�ʺʥʰʷʺʤʲʥʡʷʬ�ʯʤʭʩʦʥʫʩʸʤ�ʺʠ��
ʭʩʦʥʫʩʸʤ�ʺʠ�ʯʤʥ�ʭʩʹʸʣʰʤ�ʭʩʩʬʮʩʰʩʮʤʭʩʮʡ�ʩʥʨʩʧʤ�ʩʸʮʥʧ�ʬʹ�ʭʩʩʡʸʮʤ���ʯʫʥʺʠ�ʭʩʦʥʫʩʸʤ��

ʭʩʩʡʸʮʤʩʥʨʩʧʤ�ʩʸʮʥʧ�ʬʹ�ʩʠʥʥʬʤ�ʺʥʡʥʫʸʺ�ʬʹ���

�ʩʥʨʩʧʭʩʮʤʺʥʲʶʮʠʡ�ʬʲʥʴʡ�ʤʹʲʰ�ʢʥʱ�ʤʮʫ�ʩʥʨʩʧ�ʩʸʮʥʧ�ʬʹ�ʭʩ���ʤʣʲʥʤʬʲ�ʤʶʩʬʮʮ�ʤ�ʭʩʦʥʫʩʸ
ʤ�ʭʩʩʬʮʩʰʩʮʩʥʨʩʧ�ʸʮʥʧ�ʢʥʱ�ʬʫ�ʬʹʤ�ʭʩʮʤ�ʩʥʨʩʧʬ�ʹʥʸʣ���ʬʲʤ�ʭʩʦʥʫʩʸʤʭʩʩʡʸʮ�ʩʢʥʱʮ�ʣʧʠ�ʬʫʬ�

ʩʥʨʩʧʤ�ʩʸʮʥʧ���ʩʸʶʥʺʬ�ʭʩʩʡʸʮʤ�ʭʩʦʥʫʩʸʤ�ʬʲ�ʯʫʥʭʤʬʹ�ʩʥʨʩʧʤʮ�ʤʠʶʥʺʫ�ʭʩʮʡ�ʭʩʸʶʥʰʤ�ʩʠʥʥʬ��
ʯʬʤʬʹ�ʺʥʠʬʡʨʡ�ʺʥʢʶʥʮ�ʺʥʶʬʮʤʤ���ʥʮʫ�ʬʹ�ʺʥʷʩʣʡʤ�ʺʥʩʥʸʩʣʺ�ʩʡʢʬ�ʺʥʶʬʮʤ�ʤʣʲʥʤ�ʤʬʡʩʷ�ʯʫ

ʩʥʨʩʧʤʮ�ʩʠʥʥʬʤ�ʩʸʶʥʺʥ�ʩʥʨʩʧʤ�ʩʸʮʥʧ�ʩʦʥʫʩʸ��
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ʠ�ʤʬʡʨ���ʬʹ�ʩʡʸʮʥ�ʩʬʮʩʰʩʮ�ʦʥʫʩʸʩʥʨʩʧ�ʩʸʮʥʧ�

ʩʡʸʮ�ʦʥʫʩʸ��ʢʮ�ʬ ʺʹʸʣʰ�ʺʩʬʮʩʰʩʮ�ʺʩʸʠʹ��ʮʢ�ʬ  

ʭʩʮʤ�ʸʥʷʮʡ�ʠʨʧʮʤʩʥʨʩʧʤ�ʯʷʺʮʮ�ʤʠʩʶʩʡ��
� ��� ʸʥʬʫ 

� ��� ʯʩʮʠʸʥʬʫ 

��� ��� ʬʫʸʥ�ʣʩʱʷʥʠʩʣ 

�ʠʨʧʮʤʭʩʷʴʥʱʮʤ�ʭʩʮʡ 

��� ����±�����ʥʠ<500ʡ��ʺʩʬʬʫ�ʤʸʩʴʱ
� ʸʥʬʫ 

� ����±����ʥʠ�<500ʡ��ʺʩʬʬʫ�ʤʸʩʴʱ
 ʯʩʮʠʸʥʬʫ 

��� ʹʸʣʰ�ʠʬ ʸʥʬʫ�ʣʩʱʷʥʠʩʣ 

��
�
ʹʸʣʰʤʮ�ʯʨʷ�ʩʥʨʩʧʤ�ʸʮʥʧ�ʦʥʫʩʸ�ʭʠ��ʭʩʮʤ�ʷʴʱ�ʬʲ�ʺʩʬʬʫ�ʤʸʩʴʱʡ�ʭʩʷʣʩʩʧʤ�ʦʥʫʩʸʹ�ʠʣʥʥʬ�

�ʮ�ʯʨʷ���ʸʨʩʬʩʬʩʮʡ���

ʤʬʡʨʡ����ʬʹ�ʭʩʩʡʸʮ�ʭʩʦʥʫʩʸʩʥʨʩʧ�ʬʹ�ʩʠʥʥʬ�ʩʸʶʥʺ�

�ʩʺʰʹ�ʲʶʥʮʮ
ʬʬʷʥʹʮ 

ʪʹʮʡ�ʩʡʸʮ�ʦʥʫʩʸ�ʠʬ�
ʮ�ʸʺʥʩʭʩʴʥʶʸ�ʭʩʩʲʥʡʹ� �ʩʡʸʮ�ʦʥʫʩʸ ʩʥʨʩʧʬ�ʩʠʥʥʬ�ʩʸʶʥʺ ʠʨʧʮ 

ʢʮ�ʬ� ʢʮ�ʬ� ʢʮ�ʬ� � �

��� ����� ����ʡ�����
ʺʥʧʴʬ�ʯʮʦʤʮ� ʭʩʰʺʮʥʬʤʩʸʨ ʸʥʬʫ 

� ʯʩʠ ʤʩʰʥʮʠ 
� 

� �� �ʺʩʷʰʧ 
ʯʩʮʠʸʥʬʫ 

� � �� �ʨʩʸʥʬʫʨʸʥʬʫʥ ʸʥʬʫ�ʣʩʱʷʥʠʩʣ 

� � ���� ʨʮʥʸʡ ʯʥʦʥʠ 

�

�

� ʮʥʬʤʩʸʨʺʤʩʩʺʹʤ�ʩʮʡ�ʭʩʰ 

ʭʩʮʤ�ʩʥʨʩʧʮ�ʩʠʥʥʬʤ�ʩʸʶʥʺ�ʬʹ�ʺʧʠ�ʤʶʥʡʷ��ʺʸʶʥʩ�ʤʺʥʸʶʥʥʩʤʹʩʥʨʩʧʤ�ʬʲ�ʤʹʷ�ʤʬʡʢʮ����ʭʤ
ʮʥʬʤʩʸʨʤʺʭʩʰ��ʲ�ʭʩʮʤ�ʩʥʨʩʧʮ�ʤʠʶʥʺʫ�ʸʷʩʲʡ�ʭʩʸʶʥʰ�ʤʬʠ�ʩʠʥʥʬ�ʩʸʶʥʺ�ʸʥʬʫ�ʩ���ʯʥʫʩʱʤ�ʬʬʢʡʥ

ʬʩʡʢʤʬ�ʪʸʥʶ�ʹʩ�ʩʺʥʠʩʸʡʤʭʩʮʡ�ʭʦʥʫʩʸ�ʺʠ���ʺʠʦ�ʭʲ�ʣʧʩ���ʤʠʶʥʺʫ�ʷʸ�ʭʸʢʰ�ʩʺʥʠʩʸʡʤ�ʯʥʫʩʱʤ
ʭʤʬʹ�ʧʥʥʨ�ʺʫʥʸʠ�ʤʩʩʺʹʮ���ʲʶʥʮʮʤ�ʩʺʰʹʤ�ʦʥʫʩʸʬ�ʱʧʩʩʺʩ�ʩʡʸʮʤ�ʯʷʺʤʹ�ʤʶʩʬʮʮ�ʤʣʲʥʤ�ʯʫʬʥ

ʭʩʮʡ�ʭʤʬʹ��

ʲ�ʵʬʮʥʮʤ�ʩʡʸʮʤ�ʯʷʺʤ��ʬʹ�ʠʥʤ�ʤʣʲʥʤ�ʩ���ʢʮ��ʩʺʰʹ�ʲʶʥʮʮʡ�ʬ���ʣʲ�ʺʩʸʹʴʠ�ʤʢʩʸʧ�ʭʲ
����ʢʮ��ʬ��ʹʮ�ʸʺʥʩ�ʪʹʮʩʺ�ʠʬʹʭʩʴʥʶʸ�ʭʩʩʲʥʡ���ʺʥʧʴʬʹ�ʠʩʤ�ʤʶʬʮʤʤ�ʯʫ�ʥʮʫ����ʯʮʦʤʮ�

�ʬʹ�ʸʥʮʠʤ�ʲʶʥʮʮʤ�ʬʲ�ʤʬʲʩ�ʠʬ�ʦʥʫʩʸʤ�ʤʰʹʤ�ʪʹʮʡ���ʢʮ��ʬ��
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ʧ��ʤʩʩʺʹʤ�ʩʮʡ�ʬʥʴʩʨʬ�ʭʩʰʷʺʮ�

ʤʩʩʺʹʬ�ʤʮʩʠʺʮʤ�ʺʥʫʩʠʡ�ʭʩʮ�ʭʩʷʴʱʮ�ʭʩʮʤ�ʺʥʸʥʷʮ�ʬʫ�ʠʬ���ʤʬʠʫ�ʭʩʮ�ʷʴʱʬ�ʯʥʶʸ�ʹʩ�ʸʹʠʫ
ʤʩʩʺʹ�ʩʮʫ��ʩʠ�ʺʠ�ʭʩʠʺʤʬ�ʩʣʫ�ʭʤʡ�ʬʴʨʬ�ʪʸʥʶ�ʹʩ�ʭʺʥʫ�ʭʺʥʫʩʠ�ʸʡʣʡ�ʺʥʰʷʺʤ�ʺʥʹʩʸʣʬ

ʤʩʩʺʹʤ�ʩʮ�ʬʹ�ʺʩʠʥʸʡʺʤ���ʸʥʷʮʮ�ʭʩʮ�ʭʩʬʬʥʫ�ʭʤʡ�ʬʴʨʬ�ʪʸʥʶ�ʹʩʹ�ʭʩʮ�ʬʹ�ʭʩʩʸʷʩʲʤ�ʭʩʢʥʱʤ
�ʩʬʩʲ�ʯʥʰʩʱ�ʡʩʩʧʮʤ���ʸʺʥʮʤʮ�ʤʤʥʡʢ�ʺʥʸʩʫʲ�ʭʲ�ʭʩʮ��ʤʬʴʺʤ�ʭʩʡʩʩʧʮʤ�ʭʩʧʩʬʮ�ʭʩʮ�ʥʠ�ʭʩ�ʩʮ��

ʰʥʹ�ʭʩʮʥʤʩʦ�ʩʢʥʱ�ʭʲ�ʭʩʮʥ�ʸʺʥʮʤʮ�ʭʩʤʥʡʢ�ʺʥʷʰʧ�ʩʦʥʫʩʸ�ʭʲ�ʭʩʮʭʷʥʬʩʱ�ʭʩʡʩʩʧʮʤ�ʭʩ��

ʭʩʩʸʷʩʲ�ʬʥʴʩʨ�ʩʢʥʱ�ʤʮʫʬ�ʺʥʱʧʩʩʺʤ�ʯʬʤʬ��

� �ʯʥʰʩʱ�ʭʩʩʬʩʲ�ʭʩʮ�

�ʺʠ�ʺʥʰʷʺʡ�ʡʩʩʧʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤʤʮʹ�ʭʩʮ�ʬʫ�ʯʥʰʩʱʩʬʩʲ�ʠʥʤ�ʭʸʥʷ��ʺʲʴʹʤʬ�ʭʩʰʥʺʰʤ�ʥʠ�
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ʭʩʮʥʣʠ�ʭʩʮʥ�ʤʩʦʥʸʥʷ�ʯʤ�ʭʩʡʩʶʩ�ʩʺʬʡ�ʭʩʮ�ʬʹ�ʸʥʡʩʶʡ�ʺʥʸʫʥʮʤ�ʺʥʩʸʷʩʲʤ�ʺʥʲʴʹʤʤ� 

ʤʩʦʥʸʥʷ�ʩʮʥʣʠ�ʭʩʮ�ʬʹ�ʤʨʩʬʴʬ�ʷʩʴʱʮ�ʠʬ�ʪʠ�ʩʧʸʫʤ�ʩʠʰʺ�ʥʰʤʹ�ʺʩʱʧʩ�ʩʨʩʠ�ʪʩʬʤʺ�ʠʩʤʭ��

ʭʩʮʥʣʠ�ʭʩʮ�ʭʩʲʷʹʮʤ�ʺʡʫʹ�ʯʩʡ�ʸʹʷʤ�ʸʲʸʲʺʮ�ʸʹʠʫ�ʭʩʸʶʥʰ��ʬʦʸʡ�ʺʥʶʥʮʧʺ��ʹ�ʭʩʠʶʮʰ
ʸʥʰʩʶʤ�ʯʩʡʬ�ʸʥʰʩʶʤ�ʩʰʴ�ʬʲ��ʪʫʬ�ʺʥʡʩʱ��

���ʺʥʩʬʥʠʸʣʩʤ�ʺʥʡʩʱ�ʠʮʢʥʣʬ��ʭʩʮ�ʭʬʤ��
���ʺʥʩʢʥʬʥʩʡ�ʺʥʡʩʱ�ʭʩʡʥʸʩʠʰʠ�ʭʩʠʰʺ��
���ʺʥʩʮʩʫ�ʺʥʡʩʱ��ʡ�ʩʥʰʩʹpH��ʲʥʷʩʹʤ�ʬʠʩʶʰʨʥʴʡ�ʩʥʰʩʹ��ʮʤ�ʦʥʫʩʸʡ�ʩʥʰʩʹʣʫʥ�ʭʩʧʬ
��

ʤʩʦʥʸʥʷ�ʩʶʩʠʮʫ�ʭʩʬʡʥʷʮʤ�ʭʩʮ�ʺʥʫʩʠ�ʩʮʸʥʢ�� 
pH�±ʸʺʥʩ�ʤʥʡʢʹ�ʬʫʫ���ʯʩʨʷʮʺʠ��ʡʶʷ�ʤʭʩʮʥʣʠ�ʭʩʮ�ʺʲʴʥʤ�ʯʩʨʷʮʥ�ʤʩʦʥʸʥʷ��

�ʺʥʩʰʩʬʷʬʠ��ʡ�ʭʩʥʰʩʹ�ʺʸʲʦʮʮ�ʸʺʥʩ�ʤʤʥʡʢʹ�ʬʫʫ�pH���ʬʹ�ʲʥʷʩʹ�ʤʬʩʣʢʮ�ʯʫ�ʥʮʫʥFeCO3�
ʭʩʲʷʹʮʤ�ʺʡʫʹ�ʺʠ�ʺʱʧʥʣʥ�

CaCO3�±�ʺʡʫʹ�ʬʹ�ʺʥʸʥʴʡ�ʥʬʹ�ʲʥʷʩʹ��ʱʧʥʣ�ʭʩʲʷʹʮʤ�ʺʠ�ʯʩʨʷʮʥ�ʤʡʫʹʤ�ʺʠ�ʬʠʩʶʰʨʥʴ
ʤʩʦʥʸʥʷʤ�

DO�ʤʥʡʢ�±�ʤʩʦʥʸʥʷ�ʡʶʷ�ʯʩʨʷʮʥ�ʭʩʲʷʹʮʤ�ʺʡʫʹ�ʺʠ�ʱʧʥʣ��
�ʭʩʨʠʴʬʥʱʥ�ʭʩʣʩʸʥʬʫ�ʦʥʫʩʸ±ʤʩʦʥʸʥʷ�ʵʩʠʮ�ʤʥʡʢ�ʦʥʫʩʸ��

ʯʩʡʮ�ʤʭʩʮʤ�ʺʥʫʩʠʬ�ʭʩʸʥʹʷʤ�ʭʩʸʨʮʸʴ�ʥʰʩʣʩ�ʬʲ�ʭʩʨʬʹʰʤ����ʤʹʥʬʹ�ʹʩʤ�ʸʹʷʤʡ�ʭʩʡʥʹʧ
ʩʮʥʣʠ�ʭʩʮʥ�ʤʩʦʥʸʥʷ�ʺʲʩʰʮ�ʬʹʭ� 

�����ʺʥʩʰʩʬʷʬʠ��alkalinity�H2CO3�� 
�����ʬʹ�ʲʥʷʩʹʤ�ʺʬʥʫʩ�ʬʠʩʶʰʨʥʴCaCO3�ʭʩʮʤ�ʬʹ�CCPP)���
�����ʤʡʢʤ±�pH��

ʥʢʶʥʤʹ�ʭʩʬʥʷʩʹʤ�ʪʮʱ�ʬʲ���ʭʩʮ�ʸʥʡʲ�ʭʩʠʡʤ�ʭʩʫʸʲʤ�ʺʠ�ʲʥʡʷʬ�ʤʣʲʥʤ�ʤʶʩʬʮʮʭʩʬʴʺʥʮ��
ʺʥʡʩʶʩʤ�ʺʠ�ʧʩʨʡʤʬ�ʤʸʨʮʡʤʬʠ�ʭʩʮ���

��!�CCPP�!�����ʢʮ�ʫ�ʬ�ʯʣʩʱʤ�ʺʮʧʴ�
���!�ʷʬʠʺʥʩʰʩʬʺʩʬʬʫ��������ʢʮ�ʫ�ʬʯʣʩʱʤ�ʺʮʧʴ��
���!�ʱʮʥʮ�ʯʣʩʱ�!�����������ʢʮ�ʫ�ʬʯʣʩʱʤ�ʺʮʧʴ�
�������ʤʡʢʤ�
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ʩʺʬʴʺʤʡ�ʩʫ�ʤʶʩʬʮʮ�ʤʣʲʥʤ�ʺʠʦ�ʭʲ�ʣʧ�ʭʩʮʤ�ʺʠ�ʡʶʩʩʬ�ʤʩʤʩ�ʯʺʩʰ�ʭʩʧʥʣʩʷʮ�ʭʩʧʩʬʮ�ʭʩʮ�
ʲ�ʭʩʬʴʺʥʮʤ��ʭʩʩʮʬʥʢʤ�ʭʩʮʤ�ʭʲ�ʬʥʤʩʮ�ʩ�ʭʩʮʡ�ʭʥʩʦʰʢʮʤ�ʦʥʫʩʸ�ʺʠ�ʤʬʲʮʹ����ʯʴʥʠʡ
ʣʩʱʤ�ʦʥʫʩʸʹʬʩʲʬ�ʭʥʹʸʤ�ʪʸʲʤʮ�ʪʥʮʰ�ʤʩʤʩ�ʱʮʥʮʤ�ʯ���ʩʬʮʩʰʩʮʤ�ʦʥʫʩʸʤʮ�ʺʧʴʩ�ʠʬ�ʪʠ

�ʺʥʠʩʸʡ�ʩʫʸʶʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤʹ±���ʢʮ���ʫ�ʬCa++����ʢʮ��ʯʣʩʱʤ�ʺʮʧʴʫ�ʬ���ʩʠʰʺʡʥ
�ʬʹ�ʹʸʣʰʤ�ʪʸʲʤ�ʸʮʹʩʩʹCCPP���

ʷʺʮʮ�ʭʩʮʤ�ʡʥʶʩʩ�ʺʠ�ʹʥʸʣʬ�ʠʬ�ʤʶʩʬʮʮ�ʭʢ�ʤʣʲʥʤʭʩʧʩʬʮ�ʭʩʮ�ʬʹ�ʭʩʰʨʷ�ʤʬʴʺʤ�ʩʰ���ʣʲ
�����ʮ��ʬ�ʭʩʮ�ʷʭʥʩ����ʷʸ�ʭʩʬʴʺʥʮ�ʭʩʮ�ʷʴʱʮ�ʯʷʺʮ�ʬʫʹʫʺʫʸʲʮʬʺʷʴʱʠ��ʭʩʮ�ʺʩʸʥʦʠ��

� �ʤʸʷʡ�ʯʷʺʮ�ʬʲ�ʤʴʩʷʲʤʬʴʺʤ�

ʡʤ�ʩʰʥʩʣʣʲʥʥʤʤʫʥʴʤ�ʤʦʥʮʱʥʠ�ʩʫʩʬʤʺ�ʩʫ�ʯʩʩʥʶ���ʭʩʮ�ʺʬʴʺʤʬ��ʺʥʮʸʡ�ʭʩʮ�ʸʶʩʩʬ�ʭʩʸʥʮʠ�
�ʸʺʥʩʡ�ʺʥʫʥʮʰ�ʺʥʸʩʫʲ�ʮ�ʤʰʨʷ����ʤʣʲʥʤ�ʩʸʡʧ�ʺʲʣʬ�ʺʥʸʩʫʲ�ʺʥʣʩʧʩ�����ʩʰʷʺʮʡ�ʯʥʩʱʰ�ʩʴ�ʬʲ

ʷ�ʤʬʴʺʤʭʩʮʩʩ���ʯʨʷʤ�ʭʥʧʺʡ�ʡʥʸʬ�ʭʩʩʥʶʮʤ�ʭʩʫʸʲʬ�ʭʩʮʤ�ʺʥʸʩʫʲ�ʺʠ�ʤʬʲʮ�ʤʩʹʷʤʤ�ʪʩʬʤʺ
ʮ����ʺʥʸʩʫʲ�ʺʥʣʩʧʩ���ʤ�ʺʥʸʩʫʲʤʮ�ʤʰʥʹ�ʥʦ�ʺʥʸʩʫʲ�ʺʩʱʬʷ���ʭʩʷʶʥʮʬ�ʬʬʫ�ʪʸʣʡ�ʺʱʧʥʩʮʤ

ʭʩʰʢʥʺʴ�ʭʩʮʦʩʰʢʸʥʠʥʸʷʩʮ�ʭʢ�ʬʩʫʤʬ�ʭʩʬʥʬʲʹ�ʭʩʩʬʣʩʠʥʬʥʷ���ʩʸʡʧ�ʺʲʣʬ�ʭʬʥʠʤʣʲʥʤ���ʹʩ
ʥʸʩʫʲ�ʺʥʮʸʡ�ʤʣʩʮʲ�ʬʲ�ʣʩʴʷʤʬʩʬʲʬ�ʥʮʸʢʩ�ʠʬʹ�ʥʬʠʫ�ʺ�ʺʸʩʶʩʬʥ�ʤʷʴʱʠʤ�ʺʹʸʡ�ʺʥʸʩʫʲʤ�ʺʩ

ʤʩʬʠʩʶʰʨʥʴ�ʭʥʤʩʦ�ʬʲ�ʠʥʥʹ�ʺʥʠʸʺ���

ʪʫʩʴʬ���ʳʩʶʸ�ʸʥʨʩʰ�ʩʲʶʮʠ�ʯʩʷʺʤʬ�ʤʬʴʺʤʤ�ʩʰʷʺʮ�ʩʡʢʬ�ʺʥʰʷʺʡ�ʡʩʩʧʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤ
�ʬʹ�ʸʥʲʹʡ�ʩʡʸʮ�ʺʥʸʩʫʲ�ʳʱʡ�ʣʥʮʲʬʥ�ʤʩʹʷʤʤ�ʩʫʩʬʤʺ�ʠʶʥʮʡ�ʺʥʸʩʫʲ�ʬʹ����ʺʥʣʩʧʩ�

ʡ�ʺʥʸʩʫʲ����ʯʮʦʤʮ����

ʰʡʪʫʬ�ʳʱʥ��ʤʣʲʥʤ�ʤʬʴʺʤʤ�ʪʩʬʤʺ�ʠʶʥʮʡ�ʭʢ�ʳʩʶʸ�ʺʥʸʩʫʲ�ʸʥʨʩʰ�ʡʩʩʧʬ�ʤʶʩʬʮʮ���ʤʦʥʮʱʥʠʤ
ʤʫʥʴʤʤ���ʥʩʮʤʺʥʰʸʡʮʮʡ�ʤʶʩʸʴ�ʺʮʩʩʷ�ʠʬʹ�ʧʩʨʡʤʬ�ʣʲ��ʲ�ʺʲʶʥʡʮ�ʺʠʦʫ�ʤʴʩʷʲ�ʤʸʷʡ��ʩ

ʯʷʺʮʤʮ�ʭʩʠʶʥʩʤ�ʭʩʮʤ�ʺʥʸʩʫʲ�ʬʹ�ʤʴʩʶʸ�ʤʷʩʣʡ��

ʬʮʤʹ�ʠʩʤ�ʤʣʲʥʤ�ʺʶʫʥʮʰ�ʤʩʤʺ�ʤʬʴʺʤʤ�ʯʷʺʮ�ʬʹ�ʠʶʥʮʡ�ʭʩʮʤ�ʺʥʸʩʫʲ�ʮ�ʤ���ʲʩ���ʯ
�ʺʥʧʴʬʡ���ʺʥʩʮʥʩʤ�ʺʥʷʩʣʡʤʮ����ʤʬʲʩ�ʠʬ�ʺʥʸʩʫʲʤ�ʬʹ�ʩʡʸʮʤ�ʪʸʲʤ�ʩʫʥ���ʲʩ��ʯ��

�

ʨ��ʭʩʬʴʺʥʮ�ʭʩ�ʩʮ�ʺʥʫʩʠʬ�ʯʷʺ�

�ʸʥʮʧʤ�ʸʥʱʧʮʤ�ʡʷʲʵʸʠʡ�ʭʩʮʡ���ʺʱʩʰʫ�ʺʠʸʷʬʥ�ʭʩʬʴʺʥʮ�ʭʩ�ʩʮ�ʺʷʴʱʠ�ʬʹ�ʯʣʩʲʬ�ʬʠʸʹʩ
ʣʠʮ�ʺʥʬʥʣʢ�ʺʥʩʥʮʫʡ��ʤʬʹ�ʩʥʰʩʮʤ�ʡʺʫʬ�ʭʠʺʤʡ�ʤʣʲʥʤ�ʤʹʸʣʰ��ʤ�ʺʠ�ʯʥʧʡʬ�ʭʩʮʤ�ʡʫʸ

ʭʩʤ�ʩʮ�ʬʹ�ʤʬʴʺʤʤ�ʩʰʷʺʮʮ�ʥʮʸʦʥʩʹ��ʠʹʥʰʣʧʥʩʮ�ʯʥʩʣ�ʪʩʸʶʮ�ʤʦ��ʤʰʩʨʷʮ�ʭʩʮʤ�ʺʬʴʺʤʥ�ʺʥʩʤ�
�ʺʠ�ʬʫ�ʦʥʫʩʸʭʩʡʩʫʸʮʤʭʩʮʡ�ʭʩʠʶʮʰʤ���ʤʷʧʸʤʬ�ʭʥʸʢʬ�ʤʬʥʬʲ�ʠʩʤʥʨʲʮʫ�ʺʩʨʥʬʥʱʡʠ�ʭʢ��ʬʹ�

�ʭʩʡʩʫʸʮʭʺʨʩʬʷʬ�ʺʣʧʥʩʮ�ʺʥʡʩʹʧ�ʹʩʹ�ʲ�ʮ�ʳʥʢʤ�ʩʤʩʩʺʹʤ�ʩʮ� 

ʤ�ʺʰʩʧʡʲʩʡʶʤ�ʭʩʬʴʺʥʮʤ�ʭʩʮʤ�ʡʫʸ�ʬʲ�ʤʤʲʡʸʠ�ʭʩʡʩʫʸʮ�ʲʥʢʴʬ�ʬʥʬʲ�ʭʩʮʡ�ʭʰʥʸʱʧʹ�
�ʭʩʮʤ�ʩʰʫʸʶ�ʺʥʠʩʸʡʡ±�ʭʥʩʦʰʢʮʥ�ʯʣʩʱ���ʬʲ�ʭʤʬʹ�ʺʩʡʥʩʧ�ʤʲʴʹʤ�ʬʲ�ʭʩʠʸʮ�ʭʩʸʷʧʮ

ʺʥʠʩʸʡʤ���ʥ�ʣʩʣʥʩ�ʯʫ�ʣʩʸʥʠʥʬʴʥ�ʩʰʥʩʧʹʭʩʡ�ʺʥʠʩʸʡʬ�ʡ�ʭʠʶʮʤʭʩʫʥʮʰ�ʭʩʦʥʫʩʸʭʩʮʡ���ʬʥʬʲ�ʬʡʠʭʩ�
ʩʣʮ�ʭʩʤʥʡʢ�ʭʩʦʥʫʩʸʡ�ʺʥʠʩʸʡʡ�ʲʥʢʴʬ���

ʥʶʩʧʰʡ�ʤʰʣ�ʤʣʲʥʤʭʩʸʥʮʠʤ�ʭʩʸʱʧʤ�ʭʩʡʩʫʸʮʤ�ʺʠ�ʭʩʬʴʺʥʮʤ�ʭʩʮʬ�ʳʩʱʥʤʬ�ʺʥʸʹʴʠʡʥ�ʺ��
ʯʮʷʬʣʫ�ʺʥʰʷʱʮʬ�ʤʲʩʢʤʥ��
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ʯʣʩʱ���

ʯʣʩʱʤ�ʺʡʥʶʷ�ʺʠʭʣʠʤ�ʳʥʢʬ�ʤʹʥʸʣʤ�ʯʥʦʮʤ�ʯʮ�ʤʠʥʬʮʡ�ʬʡʷʬ�ʤʹʷ��ʷʬʧʥ��ʤʬʹ�ʡʥʹʧ�ʸʺʰ�ʭ
ʬʬʫ�ʪʸʣʡ�ʭʢ�ʲ�ʺʩʩʺʹ�ʩ�ʭʩʮ���ʣʲ���ʤʸʠʡ�ʭʩʰʥʺʰ�ʩʴ�ʬʲ��ʡ����ʯʣʩʱʬ�ʹʩ�ʺʣʧʥʩʮ�ʺʥʡʩʹʧ
ʤ�ʩʫ�ʭʩʮʡʲ�ʨʬʷʰ�ʠʥ�ʭʩʬʫʠʮʡ�ʩʥʶʮʤ�ʯʣʩʱ�ʸʹʠʮ�ʡʥʨ�ʸʺʥʩ�ʳʥʢʤ�ʩ��

�ʤʶʩʬʮʮ�ʤʣʲʥʤʲʥʡʷʬʮʩʰʩʮ�ʯʷʺ�ʩʬ��ʬʹ��ʢʮ���ʯʣʩʱ�ʬʫ�Ca++����ʢʮ��ʯʣʩʱʤ�ʺʮʧʴʫ�ʬ��
ʩʮʡʩ��ʭʺʥʮʬʴʭʩʭʩʩʺʥʠʩʸʡ�ʭʩʬʥʷʩʹʮ����

�ʺʥʰʷʺʡʯʣʩʱʬ�ʭʥʮʩʰʩʮ�ʺʹʩʸʣ�ʯʩʠ�ʺʥʮʩʩʷʤ��

ʤʩʹʷʤ�ʩʫʩʬʤʺ�ʭʩʰʰʫʥʺʮ�ʬʠʸʹʩʡ�ʭʩʬʥʣʢʤ�ʤʬʴʺʤʤ�ʩʰʷʺʮʡʬʹ�ʭʩʬʴʺʥʮʤ�ʭʩʮʤ���ʺʥʲʶʮʠʡ�
�ʸʩʢ�ʯʡʠ�ʩʺʮʧʴ�ʯʣʩʱ����ʬʫ�ʠʬʬ�ʯʣʩʱ�ʬʹ�ʹʸʣʰʤ�ʯʥʰʩʮʡ�ʭʩʮʤ�ʺʠ�ʸʩʹʲʤʬ�ʬʢʥʱʮ�ʤʦ�ʪʩʬʤʺ

ʲʶʥʮʤ�ʯʥʰʫʺʡ�ʩʺʥʤʮ�ʩʥʰʩʹ���

ʭʥʩʦʰʢʮ���

ʺʩʮʥʩʤ�ʤʡʥʶʷʤʹ�ʯʥʥʩʫʮ��ʭʥʩʦʰʢʮ�ʬʹʭʣʠʤ�ʳʥʢʬ�ʤʹʥʸʣʤ�ʯʥʦʮʤ�ʯʮ�ʸʷʩʲʡ�ʺʮʸʺʰ����ʤʣʲʥʤ
ʦʰʢʮ�ʺʴʱʥʤ�ʡʩʩʧʬ�ʤʦ�ʡʬʹʡ�ʤʶʩʬʮʮ�ʤʰʩʠʩʮʬ�ʭʥʩʩ�ʭʩʬʴʺʥʮ�ʭ���

ʺʠʦ�ʭʲ�ʣʧʩ��ʸʷʱ�ʩʠʶʮʮʹ�ʯʥʥʩʫʮʭʩʰʥʹ�ʭʩ�ʯʣʩʱʤ�ʯʩʡ�ʩʬʮʩʨʴʥʠʤ�ʱʧʩʤ�ʺʥʡʩʹʧ�ʬʲ�ʭʩʲʩʡʶʮ�
ʭʩʮʡ�ʭʥʩʦʰʢʮʤʥ��ʩʮʮ�ʺʥʰʥʦʩʰʤ�ʺʥʩʱʥʬʫʥʠ�ʸʧʠ�ʩʠʥʴʸ�ʡʷʲʮ�ʭʩʩʷʬ�ʤʶʩʬʮʮ�ʤʣʲʥʤʩ��ʭ

ʭʩʬʴʺʥʮ���ʺʮʥʲʬ�ʭʩʸʧʠ�ʭʩʮ�ʭʥʩʦʰʢʮʥ�ʯʣʩʱʡ�ʭʩʸʩʹʲʤ���ʡʷʲʮ�ʲʶʡʬʥ�ʺʥʲʴʹʤ�ʸʧʠ�
ʥʫʥʸʠʥʩʣʸʷ�ʺʥʩʲʡʥ�ʭʶʲʤ�ʺʥʴʩʴʶ�ʺʥʩʲʡ�ʬʲ�ʭʩʬʴʺʥʮ�ʭʩʮ�ʺʩʩʺʹ�ʬʹ�ʧʥʥʨ�ʺ�ʺʥʩʸʬʥʷʱʥ��

ʣʥʩ���

ʤʬʴʺʤ�ʩʰʷʺʮʮ�ʭʩʮʬ�ʣʥʩ�ʺʴʱʥʺʡ�ʪʸʥʶʤ�ʺʠ�ʭʢ�ʤʰʧʡ�ʤʣʲʥʤ���ʣʥʩʤ�ʩʦʥʫʩʸʹ�ʯʥʥʩʫʮ�ʭʬʥʠ
�ʬʠʸʹʩʡ�ʭʩʮʤ�ʺʥʸʥʷʮʡ�ʬʬʫʡ�ʭʩʮʡ�ʺʹʸʣʰʤ�ʣʥʩʤ�ʺʡʥʶʷ�ʯʫʥ���ʺʩʱʧʩ�ʭʩʫʥʮʰ�ʭʤ��ʣʲ�ʺʥʣʩʧʩ
ʩʬʬ�ʭʸʢʥʸʷʩʮ�ʺʥʸʹʲʸʨ���ʤʷʣʶʤ�ʤʦ�ʡʬʹʡ�ʯʩʠ�ʤʣʲʥʤ�ʺʲʣʬ��ʺʩʢʥʬʥʰʫʨ�ʺʬʥʫʩ�ʭʢ�ʯʫʥ��

ʭʩʬʴʺʥʮʤ�ʭʩʮʬ�ʸʷʥʡʮ�ʯʴʥʠʡ�ʣʥʩ�ʷʴʱʬ���ʩʠʥʴʸʤ�ʡʷʲʮʤ�ʺʸʢʱʮʡ�ʩʫ�ʤʶʩʬʮʮ�ʤʣʲʥʤ
ʺʥʷʣʡʰʤ�ʺʥʩʱʥʬʫʥʠʡ�ʱʩʸʺʤ�ʺʨʥʬʡ�ʣʥʷʴʺʡ�ʺʥʩʲʡʬ�ʺʥʱʧʩʩʺʤ�ʭʢ�ʬʬʫʩʺ��

ʣʩʸʥʠʥʬʴ��

ʯʩʨʥʬʧʬ�ʷʧʸʥʮ�ʸʥʷʮʤ�ʩʮʡ�ʠʶʮʰʤ�ʣʩʸʥʠʥʬʴʤʹ�ʺʥʩʤ��ʣʲʥʤ�ʩʫ�ʤʶʩʬʮʮ�ʤʩʮʩ��ʭʩʬʴʺʥʮ�ʭ
ʥʸʬʴʥʩ�ʤʬʴʺʤʤ�ʯʷʺʮʮ�ʤʠʩʶʩʡ��ʩʡʨʩʮʤ�ʦʥʫʩʸʬ�ʲ�ʵʬʮʥʮʤ��ʤʣʲʥʤ�ʩ±����ʢʮ���ʭʩʸʥʦʠʡ�ʬ

�ʥ�ʤʰʩʣʮʤ�ʬʹ�ʭʩʮʧʤ���ʢʮ��ʭʩʸʥʦʠʤ�ʸʺʩʡ�ʬʤʰʩʣʮʤ�ʬʹ���ʣ�ʤʠʸ���� 
�

ʩ���ʳʥʱʩʠ�ʪʸʲʮʲʣʩʮ��ʠʮ�ʮ��

ʮʤ�ʩʰʫʸʶʬ�ʭʩʩʺʥʠʩʸʡ�ʭʩʰʥʫʩʱ�ʭʥʸʢʺ�ʠʬʹ�ʤʮʸʡ�ʤʩʩʺʹʤ�ʩʮ�ʺʥʫʩʠ�ʺʧʨʡʠʭʩ���ʤʮʩʹʮ�ʠʩʤ
ʺʫʹʮʺʮ���ʯʺʩʰ�ʠʬ�ʤʡʹʠʥʴʷʬʬʲ��ʤʩʸʮʹʭ��ʡʷʲʮ�ʺʡʩʩʧʮ�ʺʠʦ�ʺʥʬʩʲʴ�ʹʣʧʺʮʤ�ʲʣʩʤ�ʩʸʧʠ�

ʭʬʥʲʤ�ʩʡʧʸ�ʬʫʡ��ʺʥʠʩʸʡʡ�ʲʥʢʴʬ�ʭʩʬʥʬʲʤ�ʭʩʮʸʥʢʤ�ʩʡʢʬ�ʯʤ���ʭʺʥʠ�ʺʥʬʢʬ�ʭʩʲʶʮʠʤ�ʩʡʢʬ�ʯʤʥ
ʭʩʮʡ�ʺʠʦ�ʭʲ�ʣʧʩ���ʠʥʤʹ�ʬʫ�ʭʤʦʮʬ�ʩʴʩʶʴʱ�ʯʷʺ�ʺʲʩʡʷ���ʭʩʠʰʺʤ�ʺʠ�ʸʩʫʤʬ�ʺʡʩʩʧʮ

�ʭʩʩʮʥʷʮʤʤʰʩʣʮʡ�ʭʩʸʸʥʹʤ��ʤʬʠ�ʭʩʠʰʺʡ�ʡʹʧʺʤʬ�ʺʡʩʩʧ�ʯʷʺʤ�ʺʲʩʡʷ���ʺʮʸ�ʺʲʩʡʷ�ʩʡʢʬ�ʯʤ
ʭʩʩʹʲʮʤ�ʥʮʥʹʩʩ�ʩʫʸʣ�ʩʡʢʬ�ʯʤʥ�ʯʷʺʤ��



 

���

ʸʨʮʲʣʩʮ�ʳʥʱʩʠʬ�ʪʸʲʮʤ�ʺʮʷʤ�ʺ���
ʭʩʩʴʩʶʴʱ�ʭʩʮʤʦʮ�ʺʶʥʴʺ�ʩʡʢʬ�ʲʣʩʮ�ʳʥʱʩʠ��ʹ�ʭʰʩʠʭʩʬʥʬʫ�ʡʺʥʰʷʺ���ʺʹʸʡʥ�ʭʩʮ�ʺʥʸʥʷʮʡ

ʬʠʸʹʩʡ�ʭʩʮʤ�ʺʷʴʱʠ��ʤʦ�ʲʣʩʮ��ʸʹʴʠʩʺʠ�ʪʩʸʲʤʬ�ʸʥʡʩʶʤ�ʺʥʠʩʸʡ�ʬʲ�ʺʩʸʹʴʠʤ�ʭʺʲʴʹʤ�
ʪʫʬ�ʭʠʺʤʡʥʭʩʮ�ʺʥʫʩʠ�ʺʥʰʷʺ�ʹʥʡʩʢ�ʺʥʴʱʥʰ��ʬ�ʺʥʱʧʩʩʺʤ�ʪʥʺ�ʤ�ʺʲʩʡʷʩʡʸʮʤ�ʦʥʫʩʸ��ʯʴʥʠʬ�

ʤ�ʬʹ�ʺʥʬʲʤ�ʺʫʸʲʤʬʥ�ʸʥʨʩʰʤʬʠʸʹʩ�ʺʰʩʣʮ�ʩʠʰʺʡ�ʤʰʩʷʺ���

ʸʡʱʤʲʣʩʮʤ�ʳʥʱʩʠ�ʪʸʲʮʡ�ʪʸʥʶʤ�ʬʲ����
ʬʡʷʬ�ʤʩʬʲʹ�ʤʣʡʥʲʤ�ʺʠ�ʸʩʡʱ�ʵʥʬʩʠʫ�ʤʬʡʷ�ʺʥʰʷʺʤ�ʯʥʫʣʲʬ�ʤʣʲʥʤ�ʬʹ�ʭʩʠʰʺʡ�ʺʥʨʬʧʤ�

ʺʥʠʣʥʥ�ʸʱʥʧʭʩʡʩʫʸʮʤʮ�ʷʬʧ�ʩʡʢʬ�ʲʣʩʮ�ʸʣʲʤʥ���ʷʬʧʮ��ʠʬʹ�ʭʩʮʤʦʮ�ʬʲ�ʬʧ�ʺʥʹʣʧʤ�ʺʥʰʷʺʤ
ʥʬʬʫʰʯʫʬ�ʭʣʥʷ�ʺʥʩʬʠʸʹʩʤ�ʺʥʰʷʺʡ���ʸʱʧ�ʯʫʬʥʭʥʩʫ��ʩʡʢʬ�ʲʣʩʮ�ʤʺʥʬʲʡ�ʭʺʬʬʫʤ�ʬʹ��ʺʥʰʷʺʠʥ�

ʺʥʫʬʹʤʤ�ʩʡʢʬʺʥʩʺʥʠʩʸʡʤ��ʮʣʲʤʭʩʰʷʺ�ʸ�ʭʤʩʡʢʬ��ʬʬʫ�ʪʸʣʡ��ʷʮ�ʩʬʠʸʹʩ�ʲʣʩ�ʸʣʲʤʡ�ʭʢʳʩ��
ʬʠʸʹʩʡ�ʭʥʤʩʦʤ�ʬʠʩʶʰʨʥʴ�ʬʲ�ʩʮʬʥʲʤ�ʯʥʩʱʩʰʤʮ�ʪʩʬʹʤʬ�ʤʩʤ�ʯʺʩʰ��ʭʩʸʧʠ�ʭʩʸʷʮʡ���ʺʥʬʲ

ʺʥʡʩʩʧʮ�ʺʥʰʷʺ�ʺʲʩʡʷ�ʤʷʩʣʶʤʥ�ʤʫʥʮʰ�ʺʥʹʣʧʤ�ʺʥʰʷʺʤ���ʬʹ�ʤʸʩʡʱ�ʤʣʩʮ�ʤʺʩʩʤ�ʸʹʠʫ�ʭʢ
ʰ�ʩʡʢʬ�ʷʴʱʺʩʬʠʸʹʩʤ�ʤʩʶʠʥʨʩʱʡ�ʯʺʥʶʩʧ���

ʭʩʮʤʦʮʤʮ�ʷʬʧ�ʩʡʢʬʡʶʮʤ�ʬʲ�ʭʬʥʲʡ�ʤʩʶʮʸʥʴʰʩʠʤʮ�ʪʩʬʹʤʬ�ʯʺʩʰ�ʠʬ�ʭʩʩʷʤ��ʸʱʥʧʥ�ʬʠʸʹʩʡ�
ʺʥʬʲʬ�ʲʢʥʰʡ�ʺʥʠʣʥʥʤʺʰʷʺʤ�ʬʹ�ʤ�ʺʥʰʷʺ�ʠʥʩʣʮ�ʡʸ����ʸʱʥʧ�ʺʠ�ʭʶʮʶʬ�ʯʺʩʰ�ʤʬʠ�ʭʩʸʷʮʡ

ʤʩʶʮʸʥʴʰʩʠ�ʳʥʱʩʠ�ʡʬʹ�ʺʥʲʶʮʠʡ�ʺʥʠʣʥʥʤ��ʤʺʥʬʲʡʥ�ʯʮʦʡ�ʬʡʢʥʮ���ʲʣʩʮʤ�ʳʥʱʩʠ�ʪʸʲʮ
�ʬʡʢʥʤ�ʲʶʥʮʤ�ʩʬʠʸʹʩʤʬʬʠʸʹʩʬ�ʩʨʰʡʬʸ�ʲʣʩʮ�ʳʥʱʩʠʬ�ʯʫ��ʺʥʩʬʠʰʥʩʶʸ�ʺʥʰʷʺ�ʺʰʷʺʤ�ʪʸʥʶʬ�

ʩʶʮʬʺʩʬʠʸʹʩʤ�ʺʥʠ���
�ʭʩʰʥʣʰʤ�ʭʩʠʹʥʰʡ�ʲʡʷʤ�ʺʥʰʷʺ�ʺʰʷʺʤ�ʺʠ�ʭʩʬʹʤʬ�ʸʹʴʠʩ�ʲʣʩʮʤ�ʳʥʱʩʠ�ʨʷʩʥʸʴ�ʥʰʺʫʸʲʤʬ

ʭʩʰʹ�ʹʥʬʹʫ�ʪʥʺʡ�ʸʡʫ�����

ʤ�ʭʦʩʰʫʮʤʲʶʥʮʲʥʶʩʡʬ�ʲʣʩʮʤ�ʳʥʱʩʠ�ʪʸʲʮ���
�� ʭʷʥʩ�ʺʩʸʷʧʮ�ʤʩʶʨʰʩʸʥʠ�ʬʲʡ�ʳʥʢ�ʬ�ʢʠʣʩʹʤʤʥʡʢ�ʺʩʰʫʨ�ʤʮʸʡ�ʺʥʷʩʣʡ�ʲʥʶʩʡ�

�ʥʣʩ�ʬʲ�ʠʷʥʣ�ʥʠʬ�ʤʰʲʶʥʡʺʹ��ʧʠ�ʬʫʡ�ʤ�ʩʠʹʥʰʮ�ʣʠʮ�ʮ��ʬ�ʺʥʩʥʰʮʥʩʮʤ�ʭʩʷʬʧ�ʲʥʶʩʡ
ʤ�ʬʹ�ʭʩʰʥʹʠʮ�ʮʥʰʥʹ�ʯʲʥʶʩʡ�ʺʠ�ʸʦʡʬ�ʹʩʥ�ʣʠʮ�ʥʦʮ�ʥʦ�ʺ�ʺʥʩʥʧʮʺʤʤ�ʩʴ�ʬʲ�
ʺʥʮʩʠʺʮʤ��ʠʮʤ�ʬʹ�ʥʲʥʶʩʡʬ�ʭʩʠʺʮ�ʡʩʶʷʺ�ʣʮʲʥʩ�ʤʦ�ʳʥʢ�ʬʹ�ʥʺʥʹʸʬ�ʮ� 

�� �ʪʸʣʤʳʥʢʤ�ʺʮʷʤʬ�ʸʺʥʩʡ�ʤʮʩʠʺʮʤ�ʠʩʤ�ʲ�ʭʥʱʸʴ�ʩʦʸʫʮ����ʸʹʴʠʩʹʸʥʧʡʬʺʠ��
ʤ�ʳʥʢʤʸʹʥʫ�ʬʲʡ�ʩʸʷʧʮ�ʤʲʥʶʩʡʸʺʥʩʡ�ʡʥʨʤ����ʸʹʠʫ�ʤʩʤʺ�ʦʸʫʮʡ�ʺʥʣʣʥʮʺʤʤ�ʠʬ

�ʲʥʶʩʡʬ�ʸʺʥʩʡ�ʤʫʥʮʰʤ�ʤʲʶʤʤ�ʺʸʩʧʡ�ʱʩʱʡ�ʬʲʤʤʣʥʡʲ��ʪʴʩʤʬ�ʠʬʠ���ʺʥʸʧʺʤ
ʺʥʸʨʮ�ʺʢʹʤʬ�ʸʺʥʩʡ�ʤʬʩʲʩʤ�ʤʩʢʥʬʥʣʥʺʮʤ�ʺʲʶʤ�ʬʲ�ʤʩʤʺʠʮʤ���ʮʯʥʺʰ�ʡʥʶʷʺʡ��

�� ʺʥʠʩʸʡʤ�ʣʸʹʮ�ʭʩʧʮʥʮ�ʺʸʦʲʡ�ʯʩʫʩ�ʠʩʶʥʩʥ�ʠʮʤ�ʩʷʬʧʬ�ʦʸʫʮʤ�ʺʠ�ʭʩʰʥʹʤ�ʮ���ʸʧʡʩ
ʭʩʲʶʡʮʤ�ʭʩʴʥʢʤ�ʺʠ���ʬʹ�ʯʥʫʰ�ʲʥʶʩʡ�ʬʲ�ʧʷʴʩʥʤʠʮ��ʤʡʹ�ʺʬʡʥʷʮʤ�ʪʸʣʡ�ʮ

ʤʬʹʮʮ�ʩʣʸʹʮʡ�ʺʩʡʩʨʷʩʬʴʠ�ʸʷʧʮ�ʺʣʥʡʲ�ʺʧʷʥʴʮ���
ʤʷʴʱʠʤ�ʺʥʫʸʲʮʡ�ʭʩʮʤ�ʺʥʫʩʠʬ�ʱʧʩʩʺʮʤ�ʪʸʲʮʤʮ�ʷʬʧ�ʥʺʥʠ�ʲʥʶʩʡʬ�ʹʩ�ʺʣʧʥʩʮ�ʺʥʡʩʹʧ��

ʷʩʣʡʬ�ʭʩʮʤ�ʭʥʢʩʣ�ʬʹ�ʯʥʫʰ�ʩʲʥʶʷʮ�ʲʥʶʩʡʡ�ʪʥʸʫʤ�ʡʸʤ�ʪʥʡʩʱʤ�ʡʷʲʴʥʲ�ʩʦʥʫʩʸ�ʺʺʸ���ʬʦʸʡ
ʺʹʥʧʰʥ��ʺʣʧʥʩʮ�ʺʥʧʮʺʤ�ʡʩʩʧʮʥ�ʪʡʥʱʮ�ʠʥʤ�ʭʩʮʡ�ʨʱʡʱʠ�ʩʡʩʱʬ�ʤʣʡʲʮ�ʺʥʷʩʣʡ�ʲʥʶʩʡ���

ʺʸʴʥʲ�ʩʦʥʫʩʸ�ʺʷʩʣʡʬ�ʭʥʢʩʣʤ�ʺʠʹ�ʤʣʡʥʲʡ�ʪʥʸʫ�ʳʱʥʰ�ʣʧʥʩʮ�ʩʹʥʷ���ʭʩʮʡ�ʺʹʥʧʰʥ�ʬʦʸʡʹʸʣʰ�
ʭʥʩʤ�ʪʹʮʡ�ʭʩʰʥʹ�ʭʩʰʮʦʡ�ʲʶʡʬ���ʭʩʮʤ�ʩʰʫʸʶ�ʬʹ�ʭʩʦʸʡʡ�ʲʶʡʺʤʬ�ʪʩʸʶ�ʭʩʮʥʢʩʣʤʮ�ʸʫʩʰ�ʷʬʧʥ

�ʡ�ʠʬʥʤʷʴʱʠʤ�ʺʹʸ���ʭʩʰʫʸʶʤ�ʩʦʸʡʡ�ʭʩʮʤ�ʺʥʫʩʠ�ʩʡʢʬ�ʺʥʩʸʧʠ�ʯʩʠ�ʭʩʮʤ�ʩʷʴʱʬ�ʸʹʠʫ�ʭʢʥ�
ʤʬʠ�ʭʩʦʸʡʬ�ʤʹʩʢ�ʭʤʬ�ʯʩʠ��



 

���

ʤ�ʭʩʮʤʦʮʫʬ�ʲʶʥʮʹʬʥ�ʬʪʸʲʮʡʲʣʩʮʤ�ʳʥʱʩʠ����
ʠʮʡ�ʬʥʬʫʬ�ʲʶʥʮʹ�ʭʩʮʤʦʮʡ�ʤʰʥʹʤ�ʬʲ�ʳʺʥʹʮʤ�ʡʸʹ�ʳʠ�ʬʲ�ʮ���ʤʸʨʮʤʹ�ʳʠ�ʬʲʥ

ʭʬʥʫʬ�ʺʴʺʥʹʮ�ʺʩʸʥʨʬʥʢʸʤ��ʯʩʡ�ʭʩʡʸ�ʭʩʬʣʡʤ�ʹʩ�ʯʩʩʣʲ�ʺʩʬʠʩʡʥʸʷʩʮʤ�ʭʩʸʮʥʧʤ�ʺʥʶʥʡʷ�
ʺʩʮʩʫʤʥ���ʭʩʷʩʣʶʮʹ�ʤʰʹʮʤ�ʺʥʸʨʮʡ�ʭʩʬʣʡʤ�ʹʩ�ʺʩʮʩʫʤ�ʭʩʸʮʥʧʤ�ʺʶʥʡʷ�ʪʥʺʡ�ʥʬʩʴʠ

ʺʺʬ�ʺʣʸʴʰ�ʺʥʱʧʩʩʺʤ�ʠʮʡ�ʥʬʬʫʰʹ�ʭʩʩʮʩʫ�ʭʩʮʤʦʮ�ʬʹ�ʺʥʶʥʡʷ�ʮ���

ʠʮʡ�ʬʥʬʫʬ�ʲʶʥʮʹ�ʭʩʩʬʠʩʡʥʸʷʩʮʤ�ʭʩʮʤʦʮʤ�ʮ��

ʠ���ʺʥʷʩʣʡʭʩʰʥʹ�ʭʩʮ�ʺʥʸʥʷʮʡ��
ʭʩʱʥʸʩʥ��ʬ�ʭʩʰʺʩʰʤ�ʭʩʱʥʸʩʥ�ʺʩʡʸʺTCV)��
ʭʩʷʣʩʩʧ���ʺʩʬʬʫ�ʤʸʩʴʱ��ʭʩʮʸʥʴʩʬʥʷ��ʭʩʩʬʠʷʴ�ʭʩʮʸʥʴʩʬʥʷ��ʭʩʩʬʠʷʴ�ʭʩʷʥʷʥʨʴʸʨʱ�

Escherichia coli��Helicobacter,�Aeromonas,�Pseudomonas aeroginosa, 
�Non-tuberculosis mycobacteria 

ʡ����ʺʥʷʩʣʡʭʩʩʬʩʲ�ʭʩʮ�ʺʥʸʥʷʮʡ�ʺʥʴʱʥʰ��
ʤʠʥʦʥʨʥʸʴʬ�ʺʥʷʩʣʡ��ʥʩʣʩʸʥʴʱʥʨʴʩʸʷʢʥ�ʭ
ʤʩʣʸʠʩ��

�
ʠʮʡ�ʬʥʬʫʬ�ʲʶʥʮʹ�ʭʩʩʮʩʫʤ�ʭʩʮʤʦʮʤ�ʮ��

ʠ��ʤʷʴʱʠʤ�ʺʹʸʡ�ʺʥʷʩʣʡ�
����ʤʩʩʺʹʤ�ʩʮ�ʺʷʴʱʠ�ʺʹʸʡ�ʯʸʥʷʮʹ�ʺʥʣʡʫ�ʺʥʫʺʮ��ʺʸʴʥʲ��ʬʦʸʡʥ�ʺʹʥʧʰ���
���ʨʱʡʱʠ�ʩʡʩʱ���

ʡ���ʺʥʷʩʣʡʭʩʰʥʹ�ʭʩʮ�ʺʥʸʥʷʮʡ�
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ʣ�ʯʮʸʷʥʶ�ʩʣʥʠ�ʸ��ʭʩʨʩʦʸʴʥ�ʭʩʴʩʢʰ�ʩʮʥʧʺʡ�ʤʧʮʥʮ��ʺʥʸʥʷʮ���

ʤʣʲʥʤ�ʩʣʩʷʴʺ�
�ʯʥʫʣʲ�ʥʠ�ʺʲʩʡʷ�ʬʲ�ʤʶʬʮʤʩʰʷʺʮʷʬʣʫ�ʭʩʰʥʹ�ʭʯ� 

���ʭʩʷʣʩʩʧʬ�ʭʩʰʷʺ�
���ʬ�ʭʩʰʷʺ�ʭʩʴʩʢʰ 
���ʬ�ʭʩʰʷʺʭʩʬʩʴʨ 
���ʺʥʷʩʣʡ�ʺʥʴʩʫʺʥ�ʭʥʢʩʣ 
�

ʺʣʲʥʥ�ʤʰʹʮʤ�ʺʥʫʩʠʬ�ʭʩʮʤ�ʬʹ�ʺʩʬʷʩʱʩʴʤ� 
ʥʩ�ʸ�ʴʥʸʴ��
ʧʰʬʩʬʢ���ʯʥʩʰʫʨʤ��
ʣ�ʸ�ʩʸʥʠʡʤʬ���ʯʥʩʰʫʨʤ���
ʣ�ʸ�ʳʱʠʷʩʰʷʥʱ���ʺʸʰʩʫʤ�ʺʣʡʲʮ���

ʤʰʧ�ʲʬʱ��ʺʩʦʥʧʮ�ʺʱʣʰʤʮ��ʺʥʠʩʸʡʤ�ʣʸʹʮ���
ʣ�ʸ�ʩʰʣʩʰʩʲ��ʺʥʠʩʸʡʤ�ʣʸʹʮ�ʺʥʣʡʲʮ����
ʣ�ʸ�ʯʸʲʸʬʣʩʸʴ���ʯʥʩʰʫʨʤ���

ʤʣʲʥʤ�ʩʣʩʷʴʺ�
�� �ʩʡʢʬ�ʺʥʶʬʮʤʭʩʮʤ�ʺʥʸʩʫʲ�
�� ʺʥʧʩʬʮʥ�ʺʥʩʹʷ 
�� ʧʩʸʥ�ʭʲʨ 
�� ʺʥʷʩʣʡ�ʺʥʴʩʫʺʥ�ʭʥʢʩʣ 

 

ʺʣʲʥʥ�ʭʩʮʡ�ʬʥʴʩʨʬ�ʤʰʹʮʤ��ʭʩʮ�ʩʰʷʺʮ�ʬʥʲʴʺʥ�ʯʥʰʫʺ� 
ʥʩ�ʸ��ʴʥʸʴ�
ʸʰʸʡ�ʸʹʠ��ʺʩʺʡʩʡʱ�ʤʱʣʰʤʬ�ʤʷʬʧʮʤ�ʹʠʸ��ʺʨʩʱʸʡʩʰʥʠʯʡ���ʯʥʩʸʥʢ�
ʣ�ʸʥ�ʱʩʨʩʢ�ʩʬʨʩ��ʺʩʺʡʩʡʱ�ʤʱʣʰʤʬ�ʤʷʬʧʮʤ��ʺʨʩʱʸʡʩʰʥʠʯʡ��ʯʥʩʸʥʢ���
ʡʢ�
ʬʩʢ�ʤʬʩʤ��ʺʥʡʩʶʰʭʩʮʤ���ʤʰʥʮʮ�ʬʥʴʩʨʭʩʮʤ�ʺʥʡʩʶʰʡ�ʭʩʮ�ʺʥʫʩʠ�ʳʢʠʡ�ʭʩʮʡ����



 

���

ʡʢ�
ʯʤ�ʺʩʸʩʲ��ʺʩʶʸʠ�ʭʩʮ�ʺʱʣʰʤʮ���ʣʸʹʮʺʥʠʩʸʡʤ���
ʭʧʰʮʬʨ���ʤʡʩʡʱʤ�ʺʥʠʩʸʡʬ�ʩʦʥʧʮ�ʱʣʰʤʮ���ʣʸʹʮʺʥʠʩʸʡʤ���

ʣ�ʸʡʤʬ�ʩʸʥʠ���ʰʤʬ�ʤʨʬʥʷʴʤ�ʺʩʧʸʦʠ�ʤʱʣʺʩʺʡʩʡʱʥ��ʯʥʩʰʫʨʤ���
ʷʩʸʠʥʠʹ���ʩʠʮʶʲ�ʵʲʥʩʥ�ʱʣʰʤʮ���
ʩʸʥʢʯʰʠʹ���ʧʮʤ�ʬʤʰʮ�
ʭʩʫʩʬʤʺʥ�ʭʩʮʡ�ʬʥʴʩʨʬ��ʺʥʸʥʷʮ��

ʤʣʲʥʤ�ʩʣʩʷʴʺ�
�� ʸʶʥʺ�ʩʮ�ʺʥʫʩʠʬʥ�ʸʥʷʮ�ʩʮ�ʺʮʠʺʤʬ�ʭʩʰʥʩʸʨʩʸʷ��ʭʩʬʴʺʥʮ�ʭʩʮ�ʬʬʥʫ��
�� ʭʩʰʢʥʺʴ�ʬʹ�ʤʷʧʸʤ�ʸʥʲʩʹʬ�ʭʩʰʥʩʸʨʩʸʷ 
�� ʭʩʮ�ʺʥʫʩʠ�ʸʥʨʩʰ 
�� ʩʨ�ʩʰʷʺʮ�ʬʥʲʴʺ�ʺʸʷʡ�ʭʩʮʡ�ʬʥʴ�ʤʰʸʡʮʮʤ�ʺʥʮʩʬʹ�ʯʥʢʫ��ʯʰʱʮ�ʺʴʩʨʹ� 
�� ʺʥʰʸʡʮʮ�ʬʹ�ʦʫʸ�ʩʮʥ�ʤʶʥʡ�ʷʥʬʩʱʥ�ʬʥʴʩʨ 

ʺʣʲʥʥ�ʭʩʸʮʥʧʬ�ʤʰʹʮʤ� 
ʥʩ�ʸ��ʣ�ʸ�ʤʫʸʡ�ʩʰʥʮʩʬ�±ʱʩʬʸ�ʺʩʠʮʩʫ���ʺʥʸʥʷʮ�ʺʸʡʧʡ�ʭʩʮ�ʺʥʫʩʠ�ʬʲ�ʤʰʥʮʮʤ��
ʡʢ�
ʬʩʢ�ʤʬʩʤ��ʭʩʮʤ�ʺʥʡʩʶʰ��ʤʰʥʮʮʬʲ�ʭʩʮʤ�ʺʥʡʩʶʰʡ�ʭʩʮ�ʺʥʫʩʠ�ʳʢʠʡ�ʭʩʮʡ�ʬʥʴʩʨ����
ʣ�ʸʬʩʬ�ʸʬʤ�ʩ�ʯʮʱʥʸʢ��ʯʥʩʰʫʨʤ��
ʡʢ�
ʯʤ�ʺʩʸʩʲ��ʺʩʶʸʠ�ʭʩʮ�ʺʱʣʰʤʮ���ʣʸʹʮʺʥʠʩʸʡʤ���

ʸʥʱʴʥʸʴ�ʩʸʢ�ʯʥʨʱʰʩʥʥ�ʺʥʠʩʸʡʤ�ʣʸʹʮ�ʬʹ�ʸʥʡʩʶʤ�ʺʥʠʩʸʡʬ�ʳʢʠʤʮ�ʩʹʠʸ�ʢʥʬʥʷʩʱʷʥʨ����
ʤʣʲʥʤ�ʩʣʩʷʴʺ�

�� ʭʩʮ�ʩʥʨʩʧ�ʩʸʮʥʧ�
�� ʭʩʮʡ�ʬʥʴʩʨ�ʩʸʮʥʧ 
�� �ʭʩʮʤ�ʭʲ�ʲʢʮʡ�ʭʩʠʡʤ�ʭʩʸʮʥʧ�ʺʸʰʶ�ʯʥʢʫ��ʭʩʦʸʡ� 
�� �ʪʥʺʩʹ�ʤʩʦʥʸʥʷ� 

ʥʥʺʣʲ�ʺʥʰʷʺʤ�ʧʥʱʩʰʥ�ʭʥʹʩʩʬ�ʤʰʹʮʤ� 
ʥʩ�ʸ��ʢʰʩʠ�
�ʭʥʬʹʸʢʸʡʣʬʥʢ��ʤʡʩʡʱʤ�ʺʥʠʩʸʡʬ�ʩʹʠʸ�ʱʣʰʤʮ��ʺʥʠʩʸʡʤ�ʣʸʹʮ�

ʢʰʩʠ�
�ʤʱʣʤʯʣʠ��ʤʡʩʡʱʤ�ʺʥʠʩʸʡʬ�ʺʩʦʥʧʮ�ʺʱʣʰʤʮ��ʺʥʠʩʸʡʤ�ʣʸʹʮ���
ʢʰʩʠ�
ʭʥʸʡʠʯʡ��ʳʱʥʩ��ʩʡʧʸʮ�ʭʩʮ�ʺʥʫʩʠ�ʱʣʰʤʮ��ʺʥʸʥʷʮ���
ʢʰʩʠ
ʣʲ�ʬʩʢ�ʸʹʠ�ʯʡ�ʤʠʬ���ʤʣʲʥʡʥ�ʺʥʸʥʷʮʡ�ʣʩʷʴʺʡ�ʳʱʥʩ�ʯʡ�ʭʥʸʡʠ�ʺʠ�ʤʴʩʬʧʤ��
ʸʮ�ʸʩʰ�ʸʡ�ʡʬ��ʡʥʩʡʥ�ʭʩʮʬ�ʤʷʬʧʮ�ʬʤʰʮ��ʺʩʩʸʩʲʤʰʰʲʸ����
ʡʢ�
�ʺʩʸʩʲʯʤ��ʺʩʶʸʠ�ʭʩʮ�ʺʱʣʰʤʮ��ʺʥʠʩʸʡʤ�ʣʸʹʮ���
ʥʲ�ʣ�ʩʡʶʯʥʱʰʩʥʬ���ʩʨʴʹʮ�ʵʲʥʩ����

ʢʰʩʠ�
�ʣʥʤʠʭʹʬ��ʵʲʥʩ�ʱʣʰʤʮ���
ʢʰʩʠ�
ʯʥʲʮʹʷʥʶ���ʢʥʬʥʸʣʩʤ��ʭʩʩʺʬʹʮʮ�ʵʥʧʤ�ʭʩʰʥʢʸʠʤ�ʢʩʶʰ���

ʤʣʲʥʤ�ʩʣʩʷʴʺ�
�� �ʺʥʰʷʺʤ�ʤʰʡʮ�ʬʹ�ʺʩʬʬʫ�ʤʰʩʧʡ 
�� ʢʩʸʧ�ʩʥʬʩʢ�ʸʧʠʬ�ʺʥʹʥʸʣʤ�ʤʬʥʲʴʤ�ʩʫʸʣ�ʺʰʩʧʡʯʷʺʤʮ�ʤ 
�� ʺʥʰʷʺʬ�ʯʫʣʥʲʮ�ʧʱʥʰ�ʺʲʶʤ 
�� ʤʰʹʮʤ�ʺʥʣʲʥʥʮ�ʤʸʷʡʤʥ�ʸʥʨʩʰʤ�ʠʹʥʰ�ʦʥʫʩʸ 
�� ʰʶʤ�ʭʩʮʤ�ʺʥʫʸʲʮʬ�ʭʩʸʥʹʷʤ�ʭʩʰʥʹ�ʭʩʠʹʥʩ�ʺʥʩʮʥʷʮʤ�ʺʥʩʥʹʸʡ�ʺʥʩʸʥʡ

ʤʴʩʫʠʤ�ʧʥʫʥ�ʺʥʩʮʥʷʮʤ�ʺʥʩʥʹʸʤ�ʺʥʩʸʧʠ�ʬʬʥʫ�
�� ʭʩʰʥʹ�ʭʩʩʨʴʹʮ�ʭʩʠʹʥʰ 
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�ʧʴʱʰ��±ʩʡʩʫʸʮ�ʬʹ�ʭʩʩʡʸʮ�ʭʩʦʥʫʩʸ�ʩʡʢʬ�ʺʥʶʬʮʤʤ�ʺʲʩʡʷʬ�ʭʩʸʡʱʤ�ʭʩʩʮʩʫ�ʭ�

�ʤʬʡʨ��±ʭʩʩʰʢʸʥʠ�ʩʠ�ʭʩʸʮʥʧ�ʺʩʺʥʠʩʸʡ�ʤʲʴʹʤ�ʩʬʲʡ��

�
�ʥʠ�ʣʥʱʩʤ
ʺʡʥʫʸʺʤ�

�ʩʡʸʮ�ʦʥʫʩʸ
ʭʩʩʷʤ�ʯʷʺʡ�

ʯʷʺʬ�ʤʲʶʤ�
ʹʣʧ�

�ʢʮ�ʬ��
ʺʥʸʲʤ��

ʯʥʮʩʨʰʠ�ʭʩʩʷ�ʠʬ�0.006��ʭʩʩʸʷʩʲʤ�ʭʩʰʷʺʮʤ�ʭʩʴʥʢʬ�ʭʠʺʤʡ�

ʯʱʸʠ������������ʭʩʩʸʷʩʲʤ�ʭʩʰʷʺʮʤ�ʭʩʴʥʢʬ�ʭʠʺʤʡ�

ʸʥʡ�ʭʩʩʷ�ʠʬ ������ʯʷʺ�ʩʴʬEU��

ʭʥʩʸʡ���������
ʭʬʥʲʡ�ʭʩʸʧʠ�ʺʥʮʥʷʮʡ�ʭʩʰʷʺʤ���ʭʤ�

WHO-0.7 , EPA-2 , Germany-1 

ʶʬʮʤʺ��ʢʥʬʥʷʩʱʷʥʨʤʺʥʠʩʸʡʤ�ʣʸʹʮ�ʬʹ�ʩʹʠʸʤ����

ʭʥʩʬʩʸʡ�ʭʩʩʷ�ʠʬ �������ʯʷʺ�ʩʴʬUS-EPA��

ʺʩʴʱʫ�������������ʤ�ʩʴ�ʬʲ�ʭʬʥʲʡ�ʤʮʫʱʤ�

ʭʥʸʫ������������ʩʴ�ʬʲʭʬʥʲʡ�ʤʮʫʱʤ�

ʯʣʡʩʬʥʮ�ʭʩʩʷ�ʠʬ�������ʩʴʬ��ʯʷʺWHO�

ʬʷʩʰ�����������
�ʭʩʩʸʷʩʲʤ�ʭʩʰʷʺʮʤ�ʭʩʴʥʢʬ�ʭʠʺʤʡ 

EUʥ����WHO�

ʭʥʩʰʬʱ�����������
�ʭʩʩʸʷʩʲʤ�ʭʩʰʷʺʮʤ�ʭʩʴʥʢʬ�ʭʠʺʤʡ 

EUʥ����WHO 

ʺʸʴʥʲ������������ʭʩʩʸʷʩʲʤ�ʭʩʰʷʺʮʤ�ʭʩʴʥʢʬ�ʭʠʺʤʡ�
�EUʥ����WHO�

ʣʩʰʠʩʶ�����������
ʬ�ʭʠʺʤʡ�ʺʶʬʮʤ(8������
ʹ�ʯʩʶʬ�ʩʥʠʸ�ʺʶʬʮʤ:+2������

ʮʣʷʭʥʩ�������������
ʭʩʩʸʷʩʲʤ�ʭʩʰʷʺʮʤ�ʭʩʴʥʢʬ�ʭʠʺʤʡ�

�

ʳʱʫ�
�����������

�ʥʸʡʲʹ�ʭʩʮʡ
ʬʥʴʩʨ��

����
ʬ� ʭʠʺʤʡʡ� ʤʰʩʷʺʤ� ʩʥʰʩʹ��US-EPA���ʬʬʫ� ʩʥʰʩʹʤ

� ʩʰʥʩ� ʺʠʶʥʤʤ�ʤʲʴʹʤ� ʩʬʲʡ� ʭʩʸʮʥʧʤ� ʺʬʡʨʮ� ʳʱʫ
ʺʩʢʥʬʥʷʩʱʷʥʨ� 

ʭʥʩʬʺ�ʬʭʩʩʷ�ʠ��������ʯʷʺ�ʩʴʬUS-EPA��
�

�

�



 

���

�ʤʬʡʨ2���ʭʩʩʡʸʮ�ʭʩʦʥʫʩʸ�ʭʩʶʬʮʥʮ�ʢʷʮ�ʬ��ʤʸʡʣʤʤ�ʩʸʮʥʧʬ��

ʡʩʫʸʮ EPA WHO 
�ʩʡʸʮ�ʦʥʫʩʸ

ʭʩʩʷ�
ʩʡʸʮ�ʦʥʫʩʸ 
�ʲʶʥʮ 

ʺʶʥʡʷ 
ʸʥʨʩʰ ʺʥʸʲʤ�

Alachlor 2 20 20 4 A   
Aldicarb 3 10 A 
Aldicarb 
sulfone 

3  A 

Aldicarb 
sulfoxide 

4 

10 
combined 

 

10 comb 

A 

Combined -1 

Aldrin    C 
Dieldrin  

0.03 
combined�  

���� 
combined� C 

Combined - 2 

Atrazine 3 2 2 2 A�   
Carbofuran 40 7  20 C   
Chlorpyrifos  30  30 A   
chlordane 2 0.2 2 1 A Mixed isomers 
2,4-D 70 30 30 30 A   

DDT  1 2 1 B 
 Including 

metabolites�
(DDD+DDE) 

DBCP 0.2 1 1 0.3 A   

Dimethoate  6  6 A   
Dinoseb 7 7  7 C   
Diquat 20   20 C Not final 
EDB 0.05 0.4-0.15 (P) 0.05 0.05 A   
Heptachlor 0.4  0.4 0.4 A not combined 

Heptachlor 
epoxide 

0.2   0.2 A not combined 

Lindane 0.2 2 2 1 A   
MCPA  2  2 A   

Metolachlor  10  10 C   

Pentachloro-
Phenol 

1 9  3 B   

Simazine 4 2 2 2 A   
2,4,5-T   9  9 B   
Silvex 50 9 10 10 B   
Trifluralin   20 20 20 A   

  
�ʭʥʢʩʣ�ʺʶʥʡʷA�±ʺʬʺ�ʭʥʢʩʣ��ʩʹʣʥʧ 

  
�ʭʥʢʩʣ�ʺʶʥʡʷB�±�ʭʥʢʩʣ�ʩʺʰʹ 

  
 �ʭʥʢʩʣ�ʺʶʥʡʷC�±� ʭʥʢʩʣ ʫʡ����ʭʩʧʥʣʩʷʤʮ� 

�



 

���

�ʤʬʡʨ��±��ʷʺʭʩʰʲʶʥʮ��ʭʩ�ʢʷʮ�ʬ��ʰʢʸʥʠ�ʭʩʸʮʥʧʬʩʭʭʩʩʺʩʩʹʲʺ��

ʡʩʫʸʮ EPA WHO EU ʭʩʩʷ�ʯʷʺ ʲʶʥʮ�ʯʷʺ 

ʭʩʩʷ�ʯʷʺ�ʭʤʬ�ʹʩʹ�ʭʩʡʩʫʸʮ    

Chloroform  100 200   100 80 

Benzene � �� �� �� 5 

�Monochlorobenzene ����  � ���� ���� 100 

1,2-Dichloro-benzene ��� ����� � ���� ��� 

1,4-Dichloro-benzene  �� ���   ��� �� 

Vinyl chloride � 0.3 ���� � 0.5 

Xylenes ���� ��� � ���� 500 

Benzo(a)pyrene 0.2 0.7 ����� 0.7 0.5 

1,2-Dichloroethylene-cis �� ��   ��� 50 

1,2-Dichloroethylene-
trans 

���� ��� � ��� 50�

1,2-Dichloroethane 5 4 3 5 4 

�Carbon tetrachloride �� 4 � �� 4�

1,1-Dichloroethylene  7 ����    �� �� 

Trichloroethylene � ��   �� �� 

Tetrachloroethylene  �� ���   40  10�
ʭʤʬʹ�ʯʷʺʤ�ʺʠ�ʺʥʰʹʬ�ʠʬ�ʵʬʮʥʮʹ�ʭʩʡʩʫʸʮ�

Styrene ��� ��� � �� �� 

Toluene ���� ��� � ��� ��� 

Trichloroethane 1,1,1 ��� � � ��� ��� 

Dioctylphthalate  � � � � � 

Formaldehyde  � ���� � ���� ���� 

ʺʥʰʷʺʬ�ʳʩʱʥʤʬ�ʵʬʮʥʮʹ�ʭʩʡʩʫʸʮ�
�Bromochloromethane � ��� �   ��� 

Dichloromethane � �� �   5 

1,2-Dichloropropane � �� �   5 

Ethylbenzene ��� ���� �   ��� 

PCB�s * ��� �     ��� 

Trichlorobenzene ��       �� 

1,1,2-Trichloroethane �       � 

MTBE (as indicator)  ��       40 

�

�



 

���

�ʤʬʡʨ����ʭʩʸʮʥʧʭʩʩʡʩʨʷʠʥʩʣʸ�

�� �ʠʥʤ�ʭʩʮ�ʺʩʩʺʹʮ�ʤʠʶʥʺʫ�ʩʺʰʹʤ�ʤʰʮʤ�ʬʥʡʢ������ʨʸʥʥʩʱʩʬʩʮ��0.1 mSv�� 
�� ʴʲ�ʤʹʲʩʺ�ʭʩʩʡʩʨʷʠʥʩʣʸ�ʭʩʸʮʥʧ�ʺʷʩʣʡ�ʩ�ʸʥʨʩʰ�ʺʥʸʩʣʺ�ʺʶʥʡʷ�ʩ
� 
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 Nitrate and Cancer 
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The issue of gastric cancer arises often in discussions concerning the role of 
nitrates as an etiological factor. With regard to the concern over the association 
between gastric cancer and nitrate exposure from drinking water three 
categories of epidemiological research have been considered. These include: 

1. Geographical Correlation (Ecological) � Here, the question being 
investigated is: Is there a correlation between geographical location or 
zone and gastric cancer incidence or mortality and nitrate levels in 
drinking water and/or diet. 

2. Cohort study � An exposed group is studied e.g., fertilizer workers or 
other occupations and compared with a control group that shares 
common life-styles, diets, climate, gender, habits, age, etc. Cohort 
studies show no evidence of increased gastric cancer incidence. 

3. Case-control study � This kind of epidemiological study compares 
exposure through drinking water or diet in a large group of subjects 
suffering or who have succumbed from a specific type of cancer with a 
control group. Among studies of this design the range of nitrate in 
drinking 
water was 2 � 44 mg/L. No increased risk of gastric cancer at any level. 

In one study from Taiwan a positive association was noted between 
gastric cancer through drinking water, however this study reported 
nitrate ion concentrations of 2 +/- 2 mg/L. Therefore, nitrate 
concentrations had to be minimal.  Of 10 other studies five showed no 
effect and 5 actually showed a negative correlation suggesting a 
possible protective effect of nitrate.  

Other supporting evidence of a lack of association between nitrate intake 
and cancer is from the European Commission Directorate-General, 
Scientific Committee for Food stated in their document  (EU 1995) that 
the "Overall, extensive epidemiological studies on nitrate have failed to 
demonstrate an association with cancer risk in man." Also, the National 
Research Council of the National Academy of Sciences reported that 
"Epidemiological studies do not support a straight forward association 
between exogenous nitrate exposure and human carcinogenesis (NRC 
1995)." 

Between 1960 � 1985 it was thought that dietary NO3- was associated 
with cancer because of the potential for nitrates to be reduced to nitrites, 
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which in turn can react with certain secondary and tertiary amines to form 
N-nitrosamines, some of which are mutagenic and carcinogenic. Since 
1985 the W.H.O.(1985), the USEPA (1990) the Scientific Committee for 
Food of the EC (EU; 1995) and the National Research Council (NRC) all 
noted the lack of a positive link between nitrates and cancer. To better 
understand these positions some explanation is required.  

Anticarcinogenic properties � 300 rats fed NO3
- equivalent to oral doses 

of 200 and 460 mg/for 2 years. No increase in any kind of cancer was 
observed. In hemopoietic organs, mononuclear cell leukemia significantly 
decreased from 32% in controls to 2 % in treated animals.  

Between 1973 and 1999, 11 epidemiological studies, including 6 
ecological studies and 5 case-control studies (the more robust of these 
two types of epidemiological studies) actually showed a negative 
correlation between NO3

- and gastric cancer. In fact, Nitrate may have 
beneficial effects and has been suggested to protect against stomach 
cancer by leading to the inhibition of Helicobacter pylori, which are found 
in the mucus layer of epithelial cells of the human stomach. H. pylori was 
designated a class 1 carcinogen by the International Agency for Research 
in Cancer (IARC, 1994). NO, derived from nitrates and nitrites, reacts with 
O2

- to form HOONO2, which in turn leads to irreversible inhibition of H. 
pylori. H. pylori and stomach cancer are decreasing in the US in 
concomitance with the increase of NO3

- in vegetables. NO3
- relaxes 

smooth muscle of the stomach through its action as a precursor of NO 
synthesis.    

Nitrosoproline, nitrosoargenine, and other endogenously formed N-nitroso 
compounds, such as nitrosothiols (also protective), are not carcinogenic 
and can prevent carcinogenic N-nitrosamine formation by competitive 
inhibition. Furthermore, NO3

- or NO2
- exposure must be considered in the 

context of exposure to nitrosatable amines, without which there can be no 
N-nitrosamine formation and hence, no carcinogenic potential. Nitrate 
reduction to nitrite with subsequent formation of nitrosamines is possible 
in humans. Numerous variables, including dietary antioxidants, affect this 
process. According to the National Academy of Sciences it is unlikely that 
drinking water nitrate or nitrite is rate-limiting in nitrosamine formation. 
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ʤʱ�ʥʮ�ʸʥʶʩʬ�ʭʩʬʢʥʱʮʤ�ʭʩʷʣʩʩʧʤ�ʫʭʩʩʰʸʩʥʠ�ʭʩʠʰʺʡ�ʸʩʹʲ�ʷʶʥʮ�ʲʶʮ�ʬʲ�ʺʥʡʹ����ʭʩʤʥʡʢ�ʭʩʫʸʲ

ʺʩʠʥʸʡʺ�ʤʩʲʡ�ʬʲ�ʭʩʣʩʲʮ�ʧʸʫʤʡ�ʭʰʩʠ��ʩʲʡ�ʺʩʬʬʫ�ʺʥʫʩʠ�ʬʲ�ʲʩʡʶʤʬ�ʩʣʫ�ʭʤʡ�ʹʩ�ʪʠʩ�ʬʲʥ�ʺʩʺ
ʭʩʮʦʩʰʢʸʥʠʥʸʷʩʮ�ʬʥʣʩʢʡ�ʪʥʮʺʬ�ʭʩʮʤ�ʬʹ�ʭʺʬʥʫʩ���

�ʭʩʮʸʥʴʩʬʥʷ�Total coliforms��±ʭʩʩʬʩʬʹ�ʭʸʢ�ʭʩʷʣʩʩʧ�ʺʶʥʡʷ����ʩʺʬʡ�ʬʥʣʢʤ�ʭʡʥʸʭʩʷʩʦʮ��
ʲʷʸʷʡ�ʭʩʮʩʩʷʺʮʤ��ʭʩʮ��ʭʩʩʧ�ʩʬʲʡ�ʩʲʮʥ���ʤʬʥʫʩ�ʭʩʮ�ʸʥʷʮʡ�ʭʩʮʸʥʴʩʬʥʷ�ʬʹ�ʭʮʥʩʷ�ʺʣʩʮ

ʩʺʠʥʶ�ʭʥʤʩʦʬ�ʭʩʴʥʹʧ�ʭʤʹ�ʺʥʸʩʡʱʤ�ʬʲʥ�ʭʩʮʤ�ʬʹ�ʺʩʬʬʫʤ�ʭʺʥʫʩʠ�ʬʲ�ʣʩʲʤʬ���ʺʫʸʲʮʡ�ʭʮʥʩʷ
ʤʮʶʲ�ʺʫʸʲʮʡ�ʥʠ�ʬʥʴʩʨʡ�ʺʥʩʲʡ�ʬʲ�ʣʩʲʮ�ʤʶʴʤʤ���

�ʭʩʩʬʠʷʴ�ʭʩʮʸʥʴʩʬʥʷ�Fecal coliforms��±ʺʶʥʡʷ��ʺʥʸʥʨʸʴʮʨʡ�ʬʥʣʢʬ�ʺʬʢʥʱʮʤ�ʭʩʮʸʥʴʩʬʥʷ�
�ʺʥʤʥʡʢ�44.5 oC��ʩʺʠʥʶ�ʭʥʤʩʦʬ�ʸʺʥʩ�ʩʴʩʶʴʱ�ʸʥʨʷʩʣʰʩʠ�ʺʹʮʹʮʥ��

�ʭʩʩʺʠʥʶ�ʭʩʷʥʷʥʨʴʸʨʱ�Fecal streptococci��±�ʭʩʩʡʥʩʧ�ʭʸʢ�ʭʩʩʲʮ�ʩʷʣʩʩʧ�ʺʶʥʡʷ���ʭʤʩʰʩʡ
ʭʩʷʥʷʥʸʨʰʠʤ�ʺʶʥʡʷ�ʸʷʩʲʡ�ʺʸʫʥʮ���ʭʩʰʮʰ�ʤʩʬʲStreptococcus faecalisʥ�� Streptococcus 

faecium���ʭʩʩʺʠʥʶ�ʭʩʮʸʥʴʩʬʥʷ�ʬʹ�ʸʹʠʮ�ʭʩʫʥʮʰ�ʺʥʩʲʡʨ�ʺʥʡʩʡʱʡ�ʭʤʬʹ�ʤʺʥʮʺʤ�ʩʡʶʷ��
ʬ�ʤʴʩʹʧ�ʬʹ�ʭʩʸʹʷʤʡ�ʸʷʩʲʡ�ʸʠʥʺ�ʭʩʩʲʮ�ʺʥʬʧʮ�ʺʮʩʸʢʬ�ʭʤʬʹ�ʸʹʷʤ�ʨʩʷ�ʩʮ��

�Recreational waters���

�ʱʰʥʮʥʸʠʠ�Aeromonas��±�ʺʥʫʸʲʮʡ�ʠʶʮʩʤʬ�ʬʥʬʲʥ�ʧʨʹ�ʩʮʡ�ʩʣʮʬ�ʵʥʴʰ�ʩʬʩʬʹ�ʭʸʢ�ʷʣʩʩʧ�
ʫ�ʤʶʴʤʩʣʮ�ʪʥʮʰ�ʩʥʨʩʧʤ�ʸʮʥʧ�ʦʥʫʩʸ�ʸʹʠ���ʱʰʥʮʥʸʠʠ�ʩʰʩʮ�ʸʴʱʮʹ�ʪʫʡ�ʥʺʥʡʩʹʧ��ʭʤʩʰʩʡA. 

hydrophila ��ʩʺʥʠʩʸʡ�ʯʥʫʩʱ�ʺʥʥʤʬ�ʭʩʬʥʬʲʥ�ʭʩʰʢʥʺʴ�ʭʤ���

�ʸʨʷʡʥʷʩʬʤ�Helicobacter��±�ʯʩʮʤ� Helicobacter pyloriʩʹʥʰʠ�ʯʢʥʺʴʫ�ʤʰʥʸʧʠʬ�ʷʸ�ʸʫʥʤ���
ʤʡʩʷ�ʩʡʩʫʬ�ʭʸʥʢʫ�ʡʹʧʰ�ʠʥʤ��ʭʸʥʺʤ�ʭʸʥʢʫ�ʣʥʹʧʥʬʥʫʩʲʤ�ʺʫʸʲʮʡ�ʯʨʸʱ�ʺʥʧʺʴʺʤʬ����ʠʥʤ

ʥʡ�ʭʩʲʥʢʰʤ�ʭʩʹʰʠ�ʺʠʥʶʮ�ʣʣʥʡ��ʭʩʫʴʹʡʥ�ʭʩʩʬʩʲ�ʭʩʮʡ�ʥʺʥʧʫʥʰʬ�ʺʥʩʶʷʩʣʰʩʠ�ʺʥʮʩʷʥ���ʭʬʥʠ
ʭʩʸʫʥʮ�ʭʰʩʠ�ʤʦ�ʷʣʩʩʧ�ʬʹ�ʭʩʩʲʡʨʤ�ʭʩʸʢʠʮʤ����

�ʤʦʥʰʩʢʥʸʠ�ʱʥʮʥʣʥʠʱʴ�Pseudomonas aeroginosa��±ʤʦ�ʷʣʩʩʧ����ʺʥʩʲʡʨ�ʺʥʡʩʡʱʡ�ʩʥʶʮʤ
ʭʩʫʴʹʥ�ʺʥʡʸ��ʺʴ�ʠʥʤʩʨʱʩʰʥʨʸʥʴʥʠ�ʯʢʥ���ʺʩʰʥʱʩʧ�ʺʫʸʲʮ�ʩʬʲʡ�ʭʩʹʰʠ�ʸʷʩʲʡ�ʥʰʮʮ�ʭʩʲʢʴʰ

ʺʹʬʧʥʮ���ʺʥʰʥʹ�ʳʥʢ�ʺʥʫʸʲʮʡ�ʺʥʷʬʣʬ�ʭʥʸʢʬ�ʬʥʬʲ�ʠʥʤ��

�ʺʴʧʹ�ʩʷʣʩʩʧ�ʭʰʩʠʹ�ʤʩʸʨʷʡʥʷʩʮ�ʩʷʣʩʩʧ�tuberculosis mycobacteria-Non��±�ʸʫʥʮʤ�
ʫ��ʯʩʡʮ�ʸʺʥʩʡ����ʺʴʧʹʤ�ʷʣʩʩʧ�ʠʥʤ�ʤʩʸʨʷʡʥʷʩʮ�ʩʷʣʩʩʧ�ʬʹ�ʭʩʰʩʮ��Mycobaterium 
tuberculosis����ʩʰʩʮʡʹ��ʺʩʬʠʩʶʰʨʥʴʤ�ʤʰʫʱʬ�ʭʢ�ʺʥʲʣʥʮʤ�ʺʸʡʥʢ�ʺʥʰʥʸʧʠʤ�ʭʩʰʹʡ�ʭʬʥʠ

ʭʩʸʧʠʤ�ʤʩʸʨʷʡʥʷʩʮʤ��ʫʬ�ʭʩʮʸʥʢʫ�ʭʩʲʥʣʩʥ�ʺʸʺʥʫʡʹ�ʤʸʣʢʤʤ�ʺʧʺ�ʭʩʬʴʥʰʤ����ʺʥʬʧʮ�
ʺʥʰʥʹ��ʺʥʰʥʹ�ʺʥʩʲʡʨ�ʺʥʡʩʡʱʡ�ʭʩʩʥʶʮ�ʥʦ�ʤʶʥʡʷ�ʩʰʡ��ʭʩʮʡ�ʬʬʥʫ���ʩʰʡ�ʺʷʡʣʤʬ�ʭʥʸʢʬ�ʭʩʬʥʬʲʥ

ʩʩʧ�ʩʬʲʡʥ�ʭʣʠʭ��ʤʸʠʡ�ʭʤʩʣʩ�ʬʲ�ʺʥʮʸʢʰʤ�ʺʥʬʧʮ�ʬʹ�ʤʬʣʢʥ�ʺʫʬʥʤ�ʺʥʧʩʫʹ�ʬʲ�ʧʥʥʣ�ʡ���ʸʷʩʲʡ
ʲ��ʷʣʩʩʧʤ�ʩM. avium��



 

���

����ʭʩʴʩʢʰ�ʭʩʱʥʸʩʥ���

�ʭʩʬʥʬʲʤ�ʭʩʮʦʩʰʢʸʥʠʥʸʷʩʮ�ʺʶʥʡʷ�±�ʭʩʮʡ�ʥʠʶʮʩ�ʭʠ��ʧʨʹ�ʩʮʡ�ʸʷʩʲʡ�ʭʩʩʷ�ʯʥʫʩʱʤ����ʭʥʸʢʬ��
ʺʥʬʧʮʬ��ʯʥʰʩʱʬ�ʭʩʹʷ�ʭʤ�ʭʬʣʥʢ�ʬʹʡ��ʩʮʲ�ʭʷʬʧ�ʣʧʥʩʮʤ�ʭʰʡʮ�ʬʹʡʥ�ʷʬʧʬ�ʭʩʷʣʩʩʧʮ�ʸʺʥʩ�ʭʩʣ

ʩʥʨʩʧʤ�ʩʸʮʧʮ���ʸʥʨʩʰ�ʪʸʲʮʮ�ʷʬʧʫ�ʸʩʡʱ�ʥʰʰʩʠ�ʭʩʰʫʥʱʮʤ�ʭʩʱʥʸʩʥʤ�ʬʫ�ʬʹ�ʩʴʩʶʴʱ�ʩʥʤʩʦʥ�ʬʩʠʥʤ
ʩʺʸʢʹ��ʺʩʰʬʬʥʫ�ʤʷʩʣʡ�ʺʨʩʹʡ�ʹʥʮʩʹʤ�ʬʡʥʷʮ��ʤʱ��ʭʩʩʰʥʩʧ�ʭʩʱʥʸʩʥ�ʫ�total cuturable 

viruses���ʺʩʱʧʩ�ʨʥʹʴ�ʺʥʮʩʫʬ�ʭʩʰʺʩʰʤ�ʭʩʱʥʸʩʥ�ʭʺʥʠ�ʬʹ�ʺʥʮʩʫ�ʺʸʹʴʠʮʤ��ʤ�ʺʣʷʮʺʮ�ʤʨʩʹ
ʭʩʠʺ�ʺʩʡʸʺʡ�ʬʥʣʢʬ�ʭʩʬʢʥʱʮʤ�ʭʩʩʲʮ�ʩʴʩʢʰʡ�ʸʷʩʲʡ��

ʡ���ʩʬʩʲ�ʭʩʮ�ʸʥʷʮʡ�ʺʥʷʩʣʡ 

ʤʠʥʦʥʨʥʸʴ� 

�ʭʥʩʣʩʸʥʴʱʥʨʴʩʸʷ�Cryptosporidium��ʢʥ
�ʤʩʣʸʠʩ�Giardia��ʺʶʥʡʷʮ�ʭʩʩʠʺ�ʣʧ�ʭʩʸʥʶʩ�ʭʤ�
ʤʠʥʦʥʨʥʸʴʤ���ʭʩʩʲʮ�ʺʥʬʧʮʬ�ʭʥʸʢʬ�ʭʩʬʥʬʲʤ±ʢʥ�ʱʩʱʥʩʣʩʸʩʴʱʥʨʴʩʸʷ�
ʱʩʱʠʩʣʸʠʩ���ʤʮʠʺʤʡ±�

ʲ�ʭʩʲʬʡʰ�ʭʤ�ʸʹʠʫ�ʭʣʠ�ʩʰʡ�ʩ��ʠʮʩʩʷ�ʺʥʸʥʶ�ʭʩʸʥʶʩʤ�ʩʰʹʬ��ʺʥʨʱʩʶʥʠʠ�ʥʠ�ʺʥʨʱʩʶ���ʺʥʣʩʮʲʤ
ʯʥʰʩʱ�ʺʥʲʶʮʠʡ�ʷʸ�ʭʩʮʤʮ�ʺʥʷʬʥʱʮ�ʺʥʩʤʬ�ʺʥʬʥʫʩʥ�ʩʥʨʩʧʬ�ʣʠʮ���ʩʮʡ�ʭʺʥʠʶʮʩʤʬ�ʹʹʧʤ�ʸʷʩʲ

ʭʩʩʧ�ʩʬʲʡ�ʩʲʮʡ�ʺʩʲʡʨʤ�ʭʺʥʧʫʥʰʮ�ʲʡʥʰ�ʧʨʹ��ʤʰʷʮʥ�ʸʷʡ�ʬʬʥʫ��

ʠʮʡ�ʬʥʬʫʬ�ʲʶʥʮʹ�ʭʩʩʮʩʫʤ�ʭʩʮʤʦʮʤ�ʮʭʩʬʬʥʫ�� 

ʠ��ʤʩʩʺʹʤ�ʩʮ�ʺʷʴʱʠ�ʺʹʸʡ�ʺʥʷʩʣʡ�

���ʺʸʴʥʲ��ʬʦʸʡʥ�ʺʹʥʧʰ���

ʺʸʴʥʲ�ʬʲ�ʲʣʩʮ�ʳʥʱʩʠʬ�ʸʷʱʤ�ʺʥʸʨʮ�ʤʩʩʺʹ�ʩʮ�ʺʸʰʶʡ�ʬʦʸʡʥ�ʺʹʥʧʰ����

ʠ��ʤʩʩʺʹʤ�ʩʮ�ʺʥʺʹʸʡ�ʬʦʸʡʥ�ʺʹʥʧʰ�ʺʸʴʥʲ�ʸʥʨʩʰʬ�ʺʥʰʷʺʡ�ʪʸʥʶʤ�ʺʰʩʧʡ��
ʡ���ʭʠʺʮ�ʺʠʩʶʮ�ʩʺʥʫʩʠ�ʺʥʧʴʬ���ʲʶʥʮʤ�ʩʡʸʮʤ�ʦʥʫʩʸʤʮ�ʺʥʢʩʸʧ�ʯʩʡ�ʩ�ʭʠʤʬʠʫ�ʥʠʶʮ��

ʭʩʮʤ�ʺʥʫʩʠʥ�ʺʹʸʤ�ʡʶʮ�ʯʩʡʬ��
ʢ���ʳʷʩʤʥ�ʭʥʢʩʣʤ�ʺʥʣʥʷʰ�ʬʹ�ʺʬʫʹʥʮ�ʤʹʩʸʴʬ�ʤʲʶʤ�ʹʥʡʩʢ�ʸʹʴʠʩʹ�ʲʷʸ�ʸʮʥʧ�ʺʰʫʤ

�ʤʷʴʱʠʤ�ʺʹʸʡ�ʭʥʢʩʣʤ±ʺʸʰʶʤ�ʢʥʱʥ�ʭʩʮʤ�ʺʥʫʩʠʡ�ʡʹʧʺʺ�ʤʹʩʸʴʤʹ�ʩʥʶʸ���
ʣ���ʺʥʩʨʱʸʣ�ʺʥʬʥʲʴ�ʬʹ�ʸʩʧʮʤ�ʺʠ�ʺʩʰʥʹʠʸ�ʤʫʸʲʤ�ʪʩʸʲʤʬ�ʸʹʴʠʩʹ�ʲʷʸ�ʸʮʥʧ�ʹʥʡʩʢ

ʬ�ʺʥʹʥʸʣʤʤʬʠ�ʺʥʰʷʺʡ�ʤʣʩʮʲ�ʭʹ��ʤʩʦʥʸʥʷ�ʩʡʫʲʮʡ�ʹʥʮʩʹʥ�ʺʸʰʶ�ʳʩʬʧʤʬ�ʪʸʥʶʤ�ʬʬʥʫ��

ʭʩʸʡʱʤ��

ʸʸʧʹʬ�ʤʬʥʬʲ�ʤʩʩʺʹʤ�ʩʮ�ʺʷʴʱʠ�ʺʹʸ��ʭʩʮʩʥʱʮ�ʭʩʠʰʺʡ��ʺʹʥʧʰ���ʭʩʮʬ�ʬʦʸʡʥ�ʺʸʴʥʲ
ʭʩʷʴʥʱʮʤ��ʥʭʰʮʥʠ��ʤʩʩʺʹʤ�ʩʮʡ�ʺʸʴʥʲʥ�ʬʦʸʡ�ʬʹ�ʭʩʢʩʸʧ�ʭʩʦʥʫʩʸ�ʥʠʶʮʰ�ʬʠʸʹʩʡ�ʥʬʩʴʠ���ʠʬ

ʱʬ�ʸʹʷʡ�ʭʬʥʲʡ�ʺʷʥʬʧʮ�ʺʮʩʩʷʭʩʮʤ�ʺʷʴʱʠ�ʺʹʸʡ�ʭʸʥʷʮʹ�ʭʩʮʤʦʮ�ʬʹ�ʩʬʠʩʶʰʨʥʴʤ�ʯʥʫʩ��
�ʪʥʸʫʤ�ʩʹʥʷʤ�ʡʷʲ�ʺʹʸʡ�ʭʩʮʤ�ʺʥʫʩʠ�ʺʠ�ʸʨʰʬ�ʪʸʥʶʤ�ʸʡʣʡ�ʺʥʷʥʬʧ�ʭʬʥʲʡ�ʺʥʲʣʤ�ʭʬʥʠ

ʺʸʦʥʡʮʥ�ʺʩʰʢʥʸʨʤ�ʺʫʸʲʮ�ʸʥʨʩʰʡ��ʭʩʮʤ�ʷʴʱ�ʺʨʩʬʹʡ�ʥʠ�ʺʥʩʸʧʠʡ�ʤʰʩʠ�ʬʬʫ�ʤʷʬʧʡʹ���

ʬʠʸʹʩʡ�ʤʶʮʥʠʹ�ʤʹʩʢʤ��ʥʦ�ʤʣʲʥ�ʺʮʷʤʬ�ʭʣʥʷ�ʺʥʡʸ�ʭʩʰʹ��ʩʩʧʮ�ʺʥʩʸʧʠʡ�ʭʩʮʤ�ʷʴʱ�ʺʠ�ʺʡ
ʥʬʹ�ʭʩʮʤ�ʺʷʴʱʠ�ʺʫʸʲʮʡ�ʤʩʩʺʹʤ�ʩʮʬ��ʩʩʷ�ʤʰʲʨ�ʭʰʮʥʠ�ʺʮ�ʭʩʮʤʦʮʤ�ʺʨʩʬʴ�ʺʩʡʸʮʹ�ʤʬʠ

ʭʩʮʤ�ʩʰʫʸʶ�ʬʹ�ʺʸʰʶʤ�ʩʲʨʷʡ�ʺʹʧʸʺʮ�ʺʹʸʤʮ��ʭʩʮʤ�ʷʴʱ�ʬʹ�ʥʺʨʩʬʹʡ�ʭʰʩʠʹ�ʭʬʥʠ�
�ʤʷʴʱʠʤ�ʺʹʸ�ʩʸʶʥʺʡ�ʭʥʤʩʦʤ�ʺʠ�ʯʩʨʷʤʬ�ʯʺʩʰ�ʭʩʷʴʥʱʮʤ�ʭʩʮʤ�ʺʥʫʩʠ�ʬʲ�ʤʨʩʬʹ�ʺʥʲʶʮʠʡ

�ʺʸʰʶʡ�ʭʢʺʩʺʩʡʤ��ʭʩʮʤ�ʷʴʱ�ʬʹ�ʺʩʬʠʮʸʥʴʤ�ʥʺʥʩʸʧʠʡ�ʤʰʩʠʹ���



 

���
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ʤʩʩʺʹ�ʩʮ�ʺʷʴʱʠ�ʺʹʸʡ�ʺʥʫʺʮ�ʸʷʱʬ�ʬʠʰʥʩʶʸ��

��ʠ��ʺʹʥʧʰʥ�ʺʸʴʥʲ���

�ʠʥʤ�ʭʸʥʡʲ�ʲʶʥʮʤ�ʯʷʺʤʹ�ʭʩʬʩʲʸ�ʭʩʮʤʦʮ�ʭʤ�ʺʹʥʧʰʥ�ʺʸʴʥʲ��ʥ������ʢʷʮ��ʤʮʠʺʤʡ�ʬ��
ʺʸʴʥʲ�ʥʬʬʫʰ�ʺʥʮʩʩʷʤ�ʺʥʰʷʺʡ�ʸʡʫ��ʣʸʹʮ�ʬʹ�ʺʥʺʹʸʤ�ʸʥʨʩʰ�ʺʩʰʫʥʺʡ�ʺʹʥʧʰʥ�ʬʦʸʡ�

ʺʥʠʩʸʡʤ��ʭʬʥʠ���ʺʰʹʡʥ�ʣʠʮ�ʯʨʷ�ʤʩʤ�ʸʥʨʩʰʤ�ʳʷʩʤ�������ʤʰʹ�ʬʫʮ�ʺʥʷʩʣʡ�ʸʺʥʩ�ʥʫʸʲʰ�ʤʡʹ
ʺʮʣʥʷ��ʵʸʠʤ�ʬʫʡ�ʥʫʸʲʰ����ʡʩʫʸʮ�ʬʫʬ�ʺʹʸʡ�ʺʥʷʩʣʡ���ʤʠʥʥʹʤ�ʭʹʬ��ʤʸʠʡ��ʷʴʱʮʤ�ʷʴʱ�ʡ

�ʲʶʡʬ�ʹʸʣʰ�ʭʩʡʹʥʺ�ʳʬʠ�ʤʠʮʮ�ʸʺʥʩʬ�ʭʩʮ���ʤʰʹ�ʬʫʡ�ʤʷʴʱʠʤ�ʺʹʸʡ�ʺʥʷʩʣʡ���ʳʱʥʰʡ���ʠʬ
ʴʣʲʤʬ�ʺʩʰʫʥʺ�ʤʰʫʥʤʤʩʦʥʸʥʷʬ�ʺʣʲʥʮʤ�ʺʸʰʶʡ�ʺʥʷʩʣʡʤ�ʲʥʶʩʡ�ʺ���ʺʩʬʬʫ�ʺʩʰʫʥʺ�ʤʹʡʥʢ�ʠʬ

ʭʩʰʫʸʶʤ�ʩʺʡʡʥ�ʤʷʴʱʠʤ�ʺʹʸʡ�ʺʥʣʥʷʰʤ�ʬʫ�ʬʹ�ʩʮʢʣʮ�ʩʥʱʩʫʬ���ʠʬ�ʤʸʥʶʡ�ʪʸʲʰ�ʭʥʢʩʣʤʮ�ʷʬʧʥ
ʭʥʢʩʣʤ�ʺʣʥʷʰʡ�ʥʬʩʴʠ�ʡʶʮʤ�ʺʠ�ʤʴʷʩʹ�ʠʬʹ�ʤʰʥʫʰ���

�ʺʰʹʡ�ʭʩʩʺʱʤʹ�ʸʥʨʩʰʤ�ʡʬʹ������ʺʩʮʩʫʤ�ʤʰʹʮʤ�ʺʣʲʥ�ʺʥʧʥʣʡ�ʨʥʸʴ�ʤʠʸ��ʬʲʤ�ʭʩʩʷ�ʩʫ�ʤ
ʺʸʴʥʲʡ�ʺʹʸʤ�ʭʥʤʩʦʬ�ʩʬʠʩʶʰʨʥʴ�ʯʥʫʩʱ���ʬʬʫ�ʸʥʮʠʫʹ�ʤʦ�ʡʬʹ�ʭʬʥʠ����ʺʰʹʡ�ʣʡʬʡ�ʺʥʮʩʢʣ�

������ʺʸʴʥʲʬ�ʯʷʺʤʮ�ʺʥʢʩʸʧ�ʩʺʹ�ʥʠʶʮʰ�ʭʫʥʺʡʹ��ʤʩʲʡʤ�ʳʷʩʤ�ʬʲ�ʤʴʩʷʮ�ʤʰʥʮʺ�ʯʺʰ�ʠʬ��
�ʸʺʥʩ�ʭʩʴʩʸʧ�ʭʩʲʶʮʠ�ʭʩʹʸʣʰ�ʭʠ�ʷʩʱʤʬ�ʤʩʤ�ʯʺʩʰ�ʠʬʥ±ʤʸʠʡ�ʭʩʨʷʰʰʤ�ʤʬʠ�ʺʮʢʥʣ���ʡ±�

ʥʤʩʦ�ʺʲʩʰʮʬʺʹʥʧʰʥ�ʺʸʴʥʲʡ�ʭʩʮʤ�ʭ���ʤʴʥʷʺ�ʪʹʮʬ�ʺʥʷʩʣʡʤ�ʺʠ�ʸʡʢʺʬ�ʨʬʧʥʤ�ʯʫ�ʬʲ�ʸʹʠ
ʭʩʩʺʰʹ�ʬʹ��ʺʹʥʧʰʥ�ʺʸʴʥʲ�ʭʥʤʩʦ�ʺʲʩʰʮʬ�ʭʩʩʮʩʫ�ʭʩʲʶʮʠʡ�ʪʸʥʶʤ�ʺʠ�ʷʥʣʡʬ�ʺʰʮ�ʬʲ���ʹʡʢʬʥ

ʤʩʩʺʹ�ʩʮ�ʺʸʰʶ�ʺʴʬʧʤ�ʡʶʷ�ʩʡʢʬ�ʺʥʴʩʣʲʤ�ʸʣʱ�ʩʡʢʬ�ʺʥʶʬʮʤ���

�ʡ����ʬʦʸʡ���

ʺʩʢʥʬʥʷʩʱʷʥʨ�ʤʲʴʹʤ�ʯʩʠ�ʤʩʩʺʹʤ�ʩʮʡ�ʬʦʸʡʬ���ʪʮʱ�ʬʲ�ʲʡʷʰ�ʤʩʩʺʹ�ʩʮʡ�ʩʡʸʮʤ�ʥʦʥʫʩʸʥ
ʣʡʬʡ�ʭʩʩʨʺʱʠ�ʭʩʬʥʷʹ��ʫ�ʬʹ�ʯʷʺ�ʥʲʡʷ�ʭʬʥʲʡ�ʭʩʬʥʣʢʤ�ʭʩʰʷʺʮʤ�ʭʩʮʸʥʢʤ�ʬʫ�ʨʲʮʫ�����

ʢʷʮ�ʤʩʩʺʹ�ʩʮʡ�ʬʦʸʡʬ�ʬ��ʬʠʸʹʩʡ���ʬʲ�ʣʮʥʲ�ʸʺʥʮʤ�ʩʡʸʮʤ�ʦʥʫʩʸʤ����ʢʷʮ��ʬ���ʭʩʸʷʮ�ʩʰʹʡ
�ʪʥʺʮ����ʺʰʹʡ�ʤʷʴʱʠʤ�ʺʹʸʡ�ʥʲʶʥʡʹ�ʺʥʮʩʢʣ�����ʮ�ʤʢʩʸʧ�ʤʠʶʮʰ������ʢʷʮ��ʬ��

ʤʩʩʺʹʤ�ʩʮ�ʺʷʴʱʠ�ʺʹʸ�ʬʹ�ʪʥʺʩʹʮ�ʲʡʥʰ�ʤʩʩʺʹ�ʩʮʡ�ʬʦʸʡ�ʬʹ�ʨʲʮʫ�ʩʣʡʬʡʤ�ʸʥʷʮʤ���

ʤʸʥʠʫʬ��ʭʤʦʮʬ�ʩʡʸʮ�ʯʷʺ�ʩʡʢʬ�ʭʬʥʲʡ�ʤʮʫʱʤ�ʤʺʩʩʤ�ʸʹʠʫ���ʯʷʺʤ�ʺʠ�ʭʩʠʺʤʬ�ʤʣʲʥʥʤ�ʤʢʤʰ
ʺʮʫʱʥʮʤ�ʺʩʡʸʮʤ�ʤʮʸʬ�ʸʹʴʠʤ�ʬʫʫ�ʡʥʸʷ�ʩʬʠʸʹʩʤ���ʯʺʩʰ�ʤʦ�ʤʸʷʮʡʹ�ʤʩʤ�ʤʠʸʰ�ʭʬʥʠ

ʥʷʤ�ʤʬʥʲʴʤ�ʺʸʥʶʮ�ʢʥʸʧʬʣʡʬʡ�ʺʩʨʺʱʠ�ʤʲʴʹʤ�ʬʲʡ�ʭʤʦʮʡ�ʸʡʥʣʮʹ�ʯʥʥʩʫ�ʺʩʬʠʰʥʩʶʰʡʰ��
ʮ�ʨʸʴʡ�ʺʥʸʫʩʰ�ʺʥʠʶʥʤʡ�ʪʥʸʫʥ�ʡʫʸʥʮ�ʺʥʩʤʬ��ʬʥʬʲ�ʩʡʸʮʤ�ʦʥʫʩʸʤʮ�ʺʥʢʩʸʧʡ�ʬʥʴʩʨʤʹ�ʸʧʠ±�

ʤʩʩʺʹ�ʩʮ�ʺʷʴʱʠʬ�ʺʸʰʶ�ʳʩʬʧʤʬ�ʪʸʥʶ�ʩʣʫ�ʣʲ���

�ʥʺʥʬʲʥ�ʤʩʩʺʹ�ʩʮ�ʺʹʸʡ�ʺʹʥʧʰʥ�ʺʸʴʥʲ�ʬʦʸʡ�ʺʷʩʣʡʬ�ʹʥʸʣʤ�ʸʷʱʤ�ʳʷʩʤ�

�ʪʥʸʲʬ�ʲʶʥʮʠ�ʸʷʱʫ�ʬʹ�ʳʷʩʤʡ�ʩʶʸ�������ʭʩʮ�ʺʥʮʩʢʣ���ʪʹʮʡ�ʹʸʣʰ�ʤʩʤʹ�ʺʥʮʩʢʣʤ�ʸʴʱʮʫ
ʤʷʴʱʠʤ�ʺʹʸʡ�ʺʥʫʺʮ�ʺʷʩʣʡʬ�ʺʥʩʠʷʩʸʮʠʤ�ʺʥʰʷʺʤ�ʺʠ�ʬʠʸʹʩʡ�ʥʰʶʮʩʠ�ʥʬ�ʺʧʠ�ʤʰʹ���

�ʤʸʨʮʡ�ʺʠʩʶʮʬʬʠʸʹʩʡ�ʤʩʲʡʤ�ʳʷʩʤ��ʥ�ʺʠ�ʯʩʩʴʠʬ��ʭʩʮʤ�ʺʥʩʹʷʥ�ʺʸʰʶʤ�ʬʩʢ�ʯʩʡ�ʸʹʷʤ�
ʥʤʩʦʤ�ʺʸʮʥʧ�ʯʩʡʬ�ʭʩʮʤ�ʺʥʩʡʩʱʸʢʠʬ�ʭʩʸʥʨʷʩʣʰʩʠʥʬʦʸʡʡ�ʭ�ʺʹʥʧʰʥ�ʺʸʴʥʲ��� 

ʤ�ʩʴ�ʬʲ�ʤʷʩʣʡ�ʺʥʬʲ�EPA ʩʤ��ʫ�ʠ����-���ʸʬʥʣ���ʺʥʥʬʰ�ʺʥʠʶʥʤ�ʬʬʥʫ�ʤʦʫ�ʸʷʱ�ʺʥʬʲ�ʯʫʬʥ�
ʮʫ�ʤʩʤʩ�ʤʮʩʢʣʤ�ʺʥʸʩʣʺʥ�ʤʮʩʢʣ�ʺʥʮʥʷʮ�ʸʥʺʩʠʬ�ʸʷʧʮʬʥ�ʩʨʱʩʨʨʱ�ʣʥʡʩʲʬʩʸʬʥʣ�ʯʥʩʬ��
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���ʤʩʩʺʹ�ʩʮ�ʺʷʴʱʠ�ʺʹʸʡ�ʨʱʡʱʠ�

ʮʫʱʥʮ�ʤʰʩʠ�ʤʩʩʺʹ�ʩʮʡ�ʨʱʡʱʠʤ�ʬʹ�ʤʩʢʥʬʥʷʩʱʷʥʨʤʺ���ʦʥʫʩʸʬ�ʲʢʥʰʡ�ʤʮʫʱʤ�ʸʱʥʧ�ʭʢ�ʭʩʩʷʥ
�ʺʸʰʶʮ�ʤʩʩʺʹʤ�ʩʮʬ�ʭʩʹʸʴʥʮʹ�ʨʱʡʱʠʤ�ʩʡʩʱʺʸʸʥʴʺʮ���ʷʸ�ʭʩʩʸʷʩʲʤ�ʭʩʰʷʺʮʤ�ʭʩʴʥʢʤ�ʯʩʡʮ

ʤʸʠ��ʤʩʩʺʹ�ʩʮʡ�ʨʱʡʱʠ�ʩʡʩʱʬ�ʯʷʺ�ʤʲʡʷ�ʡ���ʯʥʩʬʩʮ�ʭʩʡʩʱ�ʮ�ʭʩʬʥʣʢ���ʸʨʮ�ʥʸʷʩʮ���ʸʨʩʬʬ��

ʤʩʩʺʹ�ʩʮ�ʺʸʰʶʡ�ʨʱʡʱʠʤ�ʺʥʮʸ�ʺʷʩʣʡʬ�ʸʷʱ�ʤʫ�ʣʲ�ʤʹʲʰ�ʠʬ�ʬʠʸʹʩʡ���ʺʥʠʮ�ʬʠʸʹʩʡ�ʩʫ�ʭʠ
ʨʱʡʱʠ�ʺʸʰʶ�ʬʹ�ʭʩʸʨʮʥʬʩʷ�ʺʸʸʥʴʺʮ�ʨʰʮʶ��ʤʢʸʣʤʡ�ʤʴʩʬʧʤʬ�ʪʸʥʶ�ʹʩʹ�ʭʩʮʩʫʱʮ�ʬʥʫʤʥ��
ʮ�ʤʬʲʮʬ�ʭʩʡʥʹʩ�ʸʴʱʮʡ���ʨʱʡʱʠ�ʺʸʰʶ�ʠʩʤ�ʤʩʩʺʹʤ�ʩʮ�ʺʸʰʶʮ��ʨʰʮʶ���ʨʱʡʱʠ�ʺʷʩʣʡ

�ʺʥʲʶʮʠʡ�ʤʲʶʡʬ�ʯʺʩʰ�ʠʬʥ�ʭʩʡʸ�ʯʥʩʱʩʰʥ�ʺʥʰʮʥʩʮ�ʺʡʩʩʧʮʹ�ʺʩʺʸʢʹ�ʠʬ�ʤʷʩʣʡ�ʠʩʤ�ʤʩʩʺʹ�ʩʮʡ
ʡʲʮʤʭʩʮʡ�ʭʩʬʷʩʮʩʫ�ʬʹ�ʺʥʩʨʩʬʰʠ�ʺʥʷʩʣʡ�ʲʥʶʩʡʡ�ʺʥʧʮʺʮʤ�ʺʥʣ���

ʭʩʰʥʹʤ�ʭʩʰʷʺʮʤ�ʭʩʴʥʢʤ�ʯʩʡ�ʤʮʫʱʤ�ʯʩʠʹ�ʯʥʥʩʫʮ���ʨʱʡʱʠʡ�ʩʡʩʱ�ʦʥʫʩʸʹ�ʸʥʸʡ�ʠʬ�ʬʬʫʹ�ʯʥʥʩʫʮʥ
ʨʱʡʱʠ�ʺʥʸʥʰʩʶʡ�ʭʩʷʴʥʱʮʤ�ʭʩʮʡ�ʬʲ�ʤʬʥʲ�ʬʠʸʹʩʡ�ʨʰʮʶ����ʩʠʷʩʸʮʠʤ�ʯʷʺʬ�ʡʸʷʺʮ�ʥʬʩʴʠ�ʥʠ

ʷʱ�ʺʥʲʶʮʠʡ�ʡʶʮʤ�ʺʠ�ʷʥʣʡʬ�ʬʫ�ʭʣʥʷ�ʲʶʥʮʳʩʷʮ�ʩʬʠʸʹʩ�ʸ���ʹʡʢʬ�ʭʢ�ʸʹʴʠʩ�ʤʦ�ʸʷʱ
ʨʱʡʱʠ�ʺʥʺʹʸ�ʺʴʬʧʤ�ʡʶʷʬ�ʺʬʫʹʥʮ�ʺʥʩʰʩʣʮ��ʨʰʮʶ�ʪʸʥʶʤ�ʺʣʩʮʡ����ʺʥʴʩʣʲʤ�ʸʣʱ�ʬʬʥʫ

ʥʦʫ�ʺʸʰʶ�ʺʴʬʧʤʬ�ʵʬʮʥʮʤ���

ʤʩʩʺʹ�ʩʮ�ʺʸʰʶʡ�ʨʱʡʱʠ�ʬʲ�ʲʣʩʮ�ʳʥʱʩʠʬ�ʸʷʱʤ�ʺʥʸʨʮ���

ʠ��ʤʩʩʺʹ�ʩʮ�ʺʷʴʱʠ�ʺʥʺʹʸʡ�ʨʱʡʱʠ�ʸʥʨʩʰʬ�ʺʥʰʷʺʡ�ʪʸʥʶʤ�ʺʰʩʧʡ��
ʡ��ʭʠʺʮ�ʺʠʩʶʮ�ʨʱʡʱʠ�ʩʡʩʱ�ʬʹ�ʭʩʤʥʡʢ�ʭʩʦʥʫʩʸ�ʯʩʡ��ʤʬʠʫ�ʥʠʶʮʩ�ʭʠ���ʺʹʸʤ�ʡʶʮ�ʯʩʡʬ

ʭʩʮʤ�ʺʥʫʩʠʥ��
ʢ���ʳʷʩʤʥ�ʭʥʢʩʣʤ�ʺʥʣʥʷʰ�ʬʹ�ʺʬʫʹʥʮ�ʤʹʩʸʴʬ�ʤʲʶʤ�ʹʥʡʩʢ�ʸʹʴʠʩʹ�ʲʷʸ�ʸʮʥʧ�ʺʰʫʤ

ʺʹʸʡ�ʭʥʢʩʣʤ��
ʣ��ʨʱʡʱʠ�ʺʸʰʶ�ʺʴʬʧʤ�ʺʥʸʩʣʺ�ʬʲ�ʵʩʬʮʤʬ�ʸʹʴʠʩʹ�ʲʷʸ�ʸʮʥʧ�ʹʥʡʩʢ���ʩʠʶʮʮ�ʪʮʱ�ʬʲ

ʸʷʱʤ���ʩʣʲ�ʸʣʱ�ʺʲʩʡʷʥʨʱʡʱʠ�ʺʸʰʶ�ʺʴʬʧʤʡ�ʺʥʩʥʴ����

ʥʺʥʬʲʥ�ʤʩʩʺʹ�ʩʮ�ʺʹʸʡ�ʨʱʡʱʠ�ʺʷʩʣʡʬ�ʹʥʸʣʤ�ʸʷʱʤ�ʳʷʩʤ�

�ʬʹ�ʳʷʩʤʡ�ʩʶʸʠ�ʸʷʱ�ʪʥʸʲʬ�ʲʶʥʮʳʬʠʫ�ʺʥʷʩʣʡ���ʺʷʩʣʡʬ�ʺʥʷʩʣʡʥ�ʺʥʸʦʥʧ�ʺʥʷʩʣʡ�ʬʬʥʫ�ʠʬ
ʭʰʹʩ�ʭʠ�ʭʩʩʺʰʥʲʥ�ʭʩʩʮʥʩ�ʭʩʩʥʰʩʹ��ʤʣʲʥʥʤ�ʺʫʸʲʤʬ��ʫ�ʪʫ�ʭʹʬ�ʥʹʸʣʩ����ʺʥʴʱʥʰ�ʺʥʷʩʣʡ����ʬʲ

�ʯʮʥʩʮ�ʭʸʥʢ�ʩʣʩʸʰʶʤ�ʬʩʢ�ʯʩʡ�ʸʹʷʤ�ʺʠʥ�ʬʠʸʹʩʡ�ʤʩʲʡʤ�ʳʷʩʤ�ʺʠ�ʷʥʣʡʩʹ�ʭʩʮʤ�ʺʥʩʹʷʥ�ʺ
ʸʢʠʬ�ʭʩʸʥʨʷʩʣʰʩʠʥʨʱʡʱʠʡ�ʭʥʤʩʦʤ�ʺʸʮʥʧ�ʯʩʡʬ�ʭʩʮʤ�ʺʥʩʡʩʱ��ʤ�ʩʴ�ʬʲ�ʤʷʩʣʡ�ʺʥʬʲ�EPA �

ʠʩʤʫ�����-���ʸʬʥʣ���ʸʥʺʩʠʬ�ʸʷʧʮʬʥ�ʩʨʱʩʨʨʱ�ʣʥʡʩʲʬ�ʺʥʥʬʰ�ʺʥʠʶʥʤ�ʬʬʥʫ�ʤʦʫ�ʸʷʱ�ʺʥʬʲ�ʯʫʬʥ�
ʤʮʢʣʤ�ʺʥʸʩʣʺʥ�ʤʮʩʢʣ�ʺʥʮʥʷʮ�ʥ�ʰʩʡ�ʤʠʥʥʹʤʥ�ʺʥʰʮʥʩʮ�ʩʰʧʡʮʡ�ʺʥʸʥʹʷʤ�ʺʥʠʶʥʤ�ʯʫ��ʺʩʺʣʡʲʮ

�ʥʧʡ�ʬ��ʫ�ʤʩʤʩ�������ʸʬʥʣ�ʳʬʠ�ʭʩʰʥʹ�ʭʩʮʸʥʢ�ʯʩʡ�ʸʷʱʤ�ʺʣʥʡʲ�ʺʠ�ʬʶʴʬ�ʠʬʹ�ʵʬʮʥʮ����ʯʥʥʩʫʮ
ʤʬʩʲʩ�ʤʰʩʠ�ʤʡ�ʺʥʫʩʠʤ�ʺʸʷʡʥ�ʤʡʸ�ʺʥʰʮʥʩʮ�ʺʹʸʥʣʤ�ʤʦʩʬʰʠʡ�ʸʡʥʣʮʹ��
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ʡ���ʺʥʷʩʣʡʺʥʸʥʷʮʡʤʩʩʺʹʤ�ʩʮ��

���ʭʩʩʨʮʥʸʠʩʬʥʴ�ʭʩʸʮʥʧ�

ʥʥʤ�ʸʴʱʮ�ʺʷʩʣʡʡ�ʪʸʥʶʤ�ʸʡʣʡ�ʭʩʩʸʷʩʲ�ʭʩʰʷʺʮ�ʭʩʴʥʢ�ʯʩʡ�ʺʥʲʣ�ʩʷʥʬʩʧ�ʭʩʮʩʩʷʹ�ʤʠʶʮ�ʤʣʲ
�ʭʩʨʮʥʸʠʩʬʥʴ�ʭʩʸʮʥʧ(PAH)ʣʡʬʡ�ʯʸʩʴʠʥʦʰʡ�ʥʠ����ʸʹʷʡ�ʭʣʥʷ�ʲʣʩ�ʬʠʸʹʩʡ�ʤʩʤ�ʠʬʹ�ʸʧʠʮ
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1�Workgroup Report: Drinking-Water Nitrate and Health�Recent Findings and Research Needs 
Mary H. Ward, Theo M. deKok, Patrick Levallois, Jean Brender, Gabriel Gulis, Bernard T. Nolan, 
and James VanDerslice.  Environ Health Perspect 113:1607�1614 (2005). doi:10.1289/ehp.8043 
available via http://dx.doi.org/ [Online 23 June 2005] 
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2�http://www.who.int/water_sanitation_health/dwq/nutrientsindw/en/index.html 
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3�Fluoride in Drinking Water: A Scientific Review of EPA's Standards 
Committee on Fluoride in Drinking Water, National Research Council (2006) 
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"In countries where public dental awareness is very high and alternative 
vehicles for fluoride (e.g. fluoridated toothpaste) are widely available and 
widely used, a decision to not fluoridate the water would likely be of little 
consequence." 
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"A decision to use demineralized water as a drinking-water source 
without addition of fluoride during remineralization will depend upon the 
concentration of fluoride in the existing local supply, the prevalence of 
risk factors for dental caries (including sugar consumption data), oral 
hygiene practices and dental care, the level of public dental health 
awareness and the presence of alternative vehicles for fluoride intake 
available to the whole population." 

���³�©££°¦�³£§��§£¦®´�¨��§£¨��§£¨��§£¥²�§££¬�¢��§£¨��´�²�±¨¨�§£�£°£�´�¡®����£± ª�©¥¦�
�£ �²�±�´�¨���§£¨��´±®«��´¥²¬¨¦��£²���¦®���������¬�¦���¦�£²���¡���¦³����£�«¦�§£± ª��

�§£¨��± ª�¨�²´�£�§£¦����´�£�¦�§£¦�¦¬�§£²¡��§£¡¦¨��§�£°¦±�¦³�¤�¨ª�� �¥£²��§£³±����

���´�£¡ª������¨«²�®³�§££�ª±�����³��²�¦´£¨£¨���£�«¦��£²���¦®��§²��³�´£´�£�«���£¬�4���¨¬�


����¢��²±��� �Summary of Existing Guidelines�­£¬«�������������§�� �£²���¦®�³� ²�²��� �¦�¬
´£¨£¨�� ��£�«¦� ¦£¬²¥� ¬��£� §£¥�¨ª� §£ �¥£²��� §£¨�� ²±£¬��§£¥²�´£«¡£� §£¨¡��� ��§£¡¨�¨��

¦¬��°£¦¨���¦³�§�¬ �£¦¨£«±¨� �¥£²������¨��¦F��£�«���¬£�®¦�§�²�£��¦³� �¥£²¥�´£¨£¨���

²¡�¨�¦�²³£¦�§£¢ª��¦²��¦��´�£¡ª����§£¨��±³¨�´�£ª¥�´§��§�±£³¦�§£¡¦�±�´�°±�¦���§£¦¡ª
�®¦�� �£²���¦®� ©�¢� £®¦��� ��£�«�� ´�� «£¨¬�¦� £�°²� �¦� � � ��£«¨� §�� ©¥¦���¦³� �£��¦�±��� ¬

                                            

4 Canadian water Quality Guidelines for�Protection of Aquatic Life: Inorganic Fluorides �������  

��http://www.fluoridealert.org/pesticides/canada.2001.inorganic.f.pdf 
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� Parents and caregivers of infants fed primarily with formula from concentrate who are 
concerned about the effect that mixing their infant�s formula with fluoridated water may have in 
developing enamel fluorosis can lessen this exposure by mixing formula with low fluoride water 
most or all of the time. This may be tap water, if the public water system is not fluoridated (check 
with your local water utility). If tap water is fluoridated or has substantial natural fluoride (0.7 
mg/L or higher), a parent may consider using a low-fluoride alternative water source. Bottled 
water known to be low in fluoride is labeled as purified, deionized, demineralized, distilled, or 
prepared by reverse osmosis. Most grocery stores sell these types of low-fluoride water.  Ready 
to feed (no-mix) infant formula typically has little fluoride and may be preferred for use at least 
some of the time." 
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5�http://www.cdc.gov/fluoridation/safety/infant_formula.htm#11 

 
6�Institute of Medicine. (1997). Dietary Reference Intakes for Calcium, Phosphorus, 

Magnesium, Vitamin D, and Fluoride. Standing Committee on the Scientific Evaluation of 
Dietary Reference Intakes, Food and Nutrition Board. National Academy Press.  

 

7Toxicological Profile for Fluorides, Hydrogen Fluoride, and Fluorine, ASTDR,  September 2003 �
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