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Abstract    Sarcheshmeh copper mine, is located in south-west of Kerman, is one of a large open mine in the world 
and is one the important mineral and industrial site of Iran. The soil of the area naturally contains some heavy metals. 
Mining activities has also caused accumulation of polluting metals into the soil. Different methods are applied to reduce 
water and soil pollutants. Most of the methods are expensive and time consuming. Using suitable plants for remediation 
of the polluted soils, which is because of low cost and minimum environmental hazardous effects has accelerated in 
recent years. In this study, plants Rumex pulcher and Verbascum songaricum were collected from three sites around the 
Sarcheshmeh copper mine, and plant roots, shoots and the soils of the rhizosphere were analyzed for Cu, Zn and Pb in 
spring and summer 2007. The plant and soil samples were sent to Amdel laboratory in Australia were analyses for their 
metals contents using ICP. The results showed higher ranges of metals in sites accumulated in plants. Accumulation of 
these metals of plants in summer was more than spring. According to results it is indicated that the plants have high 
potential of accumulating of these metals. 
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1. Phytoextraction. 
2. Hyperaccumulator. 
3. Translocation Factor. 

��4. Concentration Factor
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�����������������������������������������������������
�

Rumex Pulcher� �� �� �� �� �� �� �� �Verbascum Songaricum��
�

�ƪĪƃæ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƱŚƷŚǀĭ�źƿƹŚƈţ�� 

�źƇŚƴƗ�źƿŵŚƤƯ�źƔƳŵŹƺƯ�ƲǀĮƴſŹŵƵŻřŶƳř�ŚƸƳō��Ŷƃ�ƽźǀĭ��
�
�
ç��ƁƹŹ�ƹ�ŵřƺƯ�ŚƷ��
�
ç�æ��ƤƐƴƯŠƶƘƫŚƐƯ�ŵŹƺƯ� 

�

��������ƤƐƴƯŠƶƘƫŚƐƯ� ŵŹƺƯ�� Źŵ�ëå�ƾŝźƛ� śƺƴū� ƽźŤƯƺƬǀƧ�
� ƹ�ƱŚƯźƧ�ƱŚŤſř� Źŵ�ƱŚŬƴƀƟŹƾƿŚǀƟřźƜū�ƩƺƏ�Źŵ�˚ÒÓƹ�ƾƣźƃ��

ƾƿŚǀƟřźƜū�ƉźƗ�˚ÐÍ�ŵƹŶů�ƕŚƠţŹř�Źŵ�ƾƫŚưƃ�ÏÔÍÍŻř�ƽźŤƯ��
� ŚƿŹŵ�ŮƐſŢſř�ƵŶƃ�Ɩƣřƹ���ƪĪƃç�� ��śō�ƶƤƐƴƯ�Ʋƿř�ƽřƺƷ�ƹ

�ƩŶŤƘƯ�Ʊō�ƾĭŶƳŹŚŝ�ƎſƺŤƯ�ƹ�ŵźſ�ƹééåƾƬǀƯ���ƩŚſ�Źŵ�źŤƯŢſř��
ƶŝ� ƶƤƐƴƯ� Ʋƿř�ƥŚų�ƠƬŤŴƯ�ƲǀĮƴſ�šřżƬƟ�ƽƹŚů�ƾƘǀŞƏ� ŹƺƏİ�

Ţſř�ƾƏŹŵ�ƶƧ�èåŢǀƫŚƘƟ�źŧřŹŵ�ƶŤƃŸĭ�ƩŚſ���šřżƬƟ�ƾƳŶƘƯ�ƽŚƷ
�ƲǀĮƴſ�įźŤƄǀŝƥŚų�ƶŝ��ƾŰƐſ�ƽŚƷƵŶƃ�ƪƤŤƴƯƾĭŵƺƫō�ƹ���ƽŚƷ
ƵŵźŤƀĭ�Ţſř�ƵŵźƧ�ŵŚŬƿř�ƽř��

�
ç�ç��Ɩưū��ƽŹƹōƵŵŚƯō�ƹ��ƽŻŚſƶƳƺưƳ�ƥŚų�ƹ�ƾƷŚǀĭ�ƽŚƷ��

��������įřźŝƶƳƺưƳ����ƽŹřŵźŝƶſ�Źŵ�ƵŚĮŤƀƿř�ƱŶƘƯźſ�žƯ��ƶưƄģ��
ƵŹŵ�žƯ�ƱŶƘƯ�ŹřŻ�ƹ�Ʃřŵ�ƶƤƐƴƯ��ƾƳŶƘƯ�ƢƏŚƴƯ�Żř�źţŹƹŵ�ƶĩ�Ʊƺų
� �Ţƃřŵ� Źřźƣ�śŚŴŤƳřƃŶ�ƶƳƺưƳ��ƽŚƷƷŚǀĭ�ƾ�ƱŚŤƀŝŚţ� ƹ� ŹŚƸŝ� Źŵ�

íë�Ɩưū�ƽŹƹō�ƹ�ƵŵŚƠŤſřŚŝ�ŹƺƬƟ�ƖŞƴƯ�ŻřŚƨǀƳřźƿř�ř�@í>�Ʊřźƿř�ŹƺƬƟ�ƹ�
@ææ>��ƾƿŚſŚƴƃŶƳŶƃ��

��������įřźŝ�ƥŚų� Źŵ� źƇŚƴƗ� ƱřżǀƯ� ƾſŹźŝ�çêåƭźĭ�ƳƺưƳ�Š�
�Żř�ƥŚų�ƕŚƘƃæåƾŤƳŚſ��ƽźŤƯƄƿŹ�ƝřźƏř�Š��ƶſƳƺưƳŠ�ƾƷŚǀĭ��Żř

�ƢưƗ�Śţ�ŮƐſçêƾŤƳŚſ��źŤƯ��ƤƐƴƯ�ƝźƘƯŠƶƄƿŹ�ŶƃŹ���Ɩưū�ƽŹƹō�
ƹ�� źĮƿŶĪƿ� ŚŝÅǈƯŚĩƍƺƬŴƯ��ƃƹ� ŶžĜſ�Ťſǈě� ƪųřŵ� Źŵ��Ʀǀ

ƾƫŚůŹŵ�ŵƺŝ� ƶŤƀŝ� ŚƸƳō� Źŵ� ƶƧ�Ŷƃ� ƪƤŤƴƯ� ƵŚĮƄƿŚƯŻō� ƶŝ��žě��Żř
ƲĮưƷ�ƶƳƺưƳ�ƽŻŚſ��ħŚų�ƽŚƷ�ŵƹŶů�ÑŻř�ƭźĭ��ƩŚŝźƛ�ƥŚų��ƵŶƃ

�Żř�źŤưƧ�ŶůŹŵ�ƾƴǀģ�ƱƹŚƷ�ƪųřŵÕÍ�ƹ�Ŷƃ�ƵŶǀŗŚſ�ƱƹźƨǀƯ�Ï�
ƶƳƺưƳ�Żř�ƭźĭ��ŚƷįřźŝŢĩŚě�Źŵ�żǀƫŚƳō��ƶŤŴƿŹ�ƅƺƈŴƯ�ƽŚƷŶƃ���
ƮƷ�ƵŚǀĭ�ƶſ�řŵźŝ�ƵŚĮŤƀƿř�źƷ�Źŵ�ƵŻřŶƳřƹ�Ţƃƹ�ƶƄƿŹ�Ţưƀƣ�ƶŝ��

� ƹ� ĨǀĪƠţ� ƾƿřƺƷ�ƂŴŝƹŵ�ƪųřŵ� ƹ� ƶŤƀƃ� źƐƤƯ� śō� Śŝ� ŹŚŝ�
ŢĩŚě�� Źřźƣ� ƅƺƈŴƯ� ƽŚƷ� ƽŚƯŵ� Źŵ� ƹ� ŶƳŶƃ� ƵŵřŵÒÍ�ƶūŹŵ�
ƾŤƳŚſ�ĨƄų�ƪųřŵ� ŵřźĭ�Ʋĩƶŝ���šŶƯÔÏƯŚƧ�ŢƗŚſ�Åǈ�ƦƄų�

ŶƳŶƿŵźĭ��ƳƺưƳ�ƶſ�źƷŠžě�ƵŚĮŤƀƿř�Ĩƿ��ĨƄų�Żř��śŚǀſō�ƱŶƃ
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�

ƪĪƃç��ƵřŹ�ƹ�ƾƿŚǀƟřźƜū�ŢǀƘƣƺƯ�Ţſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�ƶưƄģźſ�žƯ�ƖưŤŬƯ�ƶŝ�ƾſźŤſŵ�ƽŚƷ� 

Śĩ�ƹƯÅǈ�žĜſ�ƹ�ƍƺƬŴƯ�Źŵ�ƾƴǀģ�ƱƹŚƷ�ƪųřŵ�Żř�źŤưƧ�ŶůÕÍ�
Ŷƃ�ƵŶǀŗŚſ�ƱƹźƨǀƯŶƳ��Ò�ÏƶƳƺưƳ�Żř�ƭźĭ���ŚƷįřźŝŢĩŚě�Źŵ�żǀƫŚƳō��ƽŚƷ�

Ŷƃ�ƶŤŴƿŹ�ƅƺƈŴƯ� �ƶƳƺưƳ�ƵŵŚƯō�ƽŚƷ�Ŷƃş� ƵŚǀĭ�ƹ�ħŚų�įřźŝ�
żǀƫŚƳō� ƵŚĮƄƿŚƯŻō�ƶŝ�ƩŶƯřŶƃ�ƵŵŚŤſźƟ�ŚǀƫřźŤſř�� �ƶƳƺưƳ�żǀƫŚƳō�ŚƷŚŝ��

� ƵŚĮŤſŵICP
Ò�ŢǀſŚƀů� Śŝ�ppmÏ�Í�ƽřźŝ��žƯ�źƈƴƗ� ƶſ�źƷ�

ƽƹŹ�ƹ�śźſƳř�ŢƟźĭ� ƭŚŬ� �ƶƳƺưƳ�� Śŝ� ƾƷŚǀĭ� ƽŚƷ�ƱƹŶŝ�ƁƹŹ
ƽŻŚſźŤƀĩŚųƽŶǀſř�ƮƌƷ�ƹ��żǀƫŚƳō�Ŷƃ���� ƵŚĮƄƿŚƯŻō�ƪƯŚĩ�ŭźƃ

�ƁƹŹ� řŹƶŝ�ƽŹŚƈŰƳř�ŢƬƗ�Ƴ� ƭǈƗř�ƱŵƺŝźĪŢſř� Ƶŵ� ��Ƶŵřŵ��ƽŚƷ
ƶŝ� ŹřźĪţ� ƶſ�ƲǀĮƳŚǀƯ�ƪƇŚů�ƶŝ� ƶĩ�Ţſř� ƵŶƯō�śŚƀů��šŹƺƇ

Ţſř� ƵŶƃ� Ƶŵřŵ� ƱŚƄƳ� ƭřźĭƺŤƀǀƷ��Źŵ� ƱƺŤſ� źƷ� ƲƿřźŝŚƴŝ�
Ư� ƭřźĭƺŤƀǀƷƍƺŝźƳƺưƳ� ƶſ� ƲǀĮƳŚǀƯ� ƪƇŚů�Š�ƹ� ƶƄƿŹ� �ħŚų�

�ƵŚĮŤƀƿř�źƷ�Źŵ�ƾƿřƺƷ�ƂŴŝŢſř�ŚŬƳōŻř���ƪƈƟ�źƷ�Źŵ�ƶĩ�ƹ�Źŵ
ƳƺưƳ� ƶſ� ƵŚĮŤƀƿř� źƷŠƖưŤŬƯ���Cumulative� �Ɩưū���Ŷƃ�ƽŹƹō

Ƶŵřŵ�ƳƺưƳ� ŵŶƗ� ƶſ� ŵƺūƹ� Żř�ƪƇŚů�ƪƈƟ� źƷ� ƶŝ�ƍƺŝźƯ�ƽŚƷŠ�
ŬƯŤ� ƵŚĮŤƀƿř� źƷ� Źŵ� ƖưŢſř�śŸū� ƱřżǀƯ� ŽŚſř� Ʋƿř� źŝ� ƹ�

�ƹŵ�Źŵ�šřżƬƟƵŚĮŤƀƿř�ŽŚſřźŝ�ƱŚŤƀŝŚţ�ƹ�ŹŚƸŝ�ƪƈƟ��ƞƬŤŴƯ�ƽŚƷ
ƵŵŚƠŤſřŚŝ�źĮƿŶĪƿ�Śŝ�žƳŚƿŹřƹ�żǀƫŚƳō�Żř��ƶƀƿŚƤƯŶƃŶƳ��ƾƴƘƯ�ƱŵƺŝŹřŵ�

Ƶŵřŵ�ƶƀƿŚƤƯŹŵ�ŚƷ�Ŷƃ�ƆŴƄƯ�ƍƺŝźƯ�żǀƫŚƳō�Żř�żǀƳ�źĮƿŶĪƿ�Śŝ���
�
�

Ð�ƶŬǀŤƳ��ŦŰŝ�ƹ�ƽźǀĭ�
�

��������ŪƿŚŤƳ�ŽŚſřźŝ���ƩƹŶūÎƹÏ����ƲƿźţǇŚŝŢƔƬƛ�ƪĩ�ƴƗŚźƇ�
� ħŚų� ŹŵppmÖ�ÓÕÓ�žƯ� ƽřźŝ��ppmÐÔÑ�ƹ� ƽƹŹ� ƽřźŝ�

ppmÐ�ÒÓ � śźſ� ƽřźŝ� Źŵ� ƵŚĮŤƀƿř�ƶưƄģźſ� žƯ� ƱŶƘƯ
ƵŻřŶƳř�� ƽźǀĭƃŶ� �� źƇŚƴƗ� ŹřŶƤƯśźſ� ƹ� ƽƹŹ� �žƯ�ƂŴŝ� Źŵ�

� ƱŚƷŚǀĭ� ƾƿřƺƷÐ� ƾſŹźŝ� ƵŚĮŤƀƿř�Ŷƃ� �� ƲƿźţǇŚŝŢƔƬƛ�źƇŚƴƗ�
ƹ� žƯ�śźſ�ƶŝ�Ŝǀţźţppm Ð�ÒÓÓ�ƹ�ppmÒ�ÎÔ�ƂŴŝ� Źŵ�
ƾƿřƺƷ�ƵŚǀĭ�Verbascum Songaricum�ƹ��ƽƹŹ�ŢƔƬƛ�ƲƿźţǇŚŝ

�ŚŝppmÒÎÍ�ƵŚǀĭ�ƾƿřƺƷ�ŢưƀƣŹŵ�Rumex Pulcher��ƵŚĮŤƀƿř�Źŵ
ƶưƄģźſ�žƯ� ƱŶƘƯ � ŢŞŧƃŶ� ��Źŵ�žƯ�śŸū� ƱřżǀƯ� ƲƿźţǇŚŝ

ŠƄƿŹƵŚǀĭ��Verbascum Songaricum�Śŝ�ppmÎÐÏ��ƵŚĮŤƀƿř� Źŵ
Ʃřŵ�ƶŝ�śźſ�ƹ�ƽƹŹ�śŸū�ƱřżǀƯ�ƲƿźţǇŚŝ�ƹ�Ʊƺų�Śŝ�Ŝǀţźţppm ÏÐÓ�
ƹ�ppmÒ�Ô�Źŵ�ƄƿŹŠ� ƵŚǀĭ�Rumex Pulcher��ƱŶƘƯ� ƵŚĮŤƀƿř� Źŵ

ƵŻřŶƳř�ƶưƄģźſ�žƯ�Ŷƃ�ƽźǀĭ��
5. Inductive Coupled Plasma. 
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ƩƹŶūÎ��žƯ�źƇŚƴƗ�ƱřżǀƯ���Źŵ�ƽƹŹ�ƹ�śźſ�ƶƄƿŹƂŴŝ��ƝřźƏř�ħŚų�ƹ�ƵŚǀĭ�ƾƿřƺƷ�ŠƄƿŹ�Verbascum Songaricum�Źŵ�ŹŚƸŝƱŚŤƀŝŚţ�ƹ�ƵŚĮŤƀƿř�Źŵ��ƶƘƫŚƐƯ�ŵŹƺƯ�ƽŚƷ���
�

 ŹŚƸŝ  ƱŚŤƀŝŚţ�  

 METALS Pb Cu Zn Pb Cu Zn 

 UNITS ppm ppm ppm ppm ppm ppm 

 DETECTION 0.2 0.2 0.2 0.2 0.2 0.2 

 METHOD IC 3M IC 3M IC 3E IC 3M IC 3M IC 3E 

�žƯ�ƱŶƘƯ�ƵŚĮŤƀƿř
ſƶưƄģź 

ƾƿřƺƷ�Ţưƀƣ Õ�ÎÐ  ÑÔÎ ÏÐÓ Ò�ÎÔ  Ð�ÒÓÓ  ÐÏÕ 

 ƶƄƿŹ Õ�Î  Î�ÑÓ  Ô�ÔÎ  Ð�Ó  Õ�ÕÖ  ÎÓÎ 
 ƶƄƿŹ�ƝřźƏř�ħŚų Ò�ÑÖ  ÓÎÎ ÏÔÒ Ð�ÒÓ  ÓÒÎ ÏÔÖ 

�žƯ�ƱŶƘƯ�ƵŚĮŤƀƿř
ƵŹŵ�ŹřŻ 

ƾƿřƺƷ�Ţưƀƣ Ñ ÏÖÒ Ï�ÎÍÒ  Ö ÐÒÍ Ð�ÎÖÒ  

 ƶƄƿŹ Ò�Î  Ï�ÑÓ  Ñ�ÑÕ  Õ�Ó  ÓÖ ÒÖ 
 ƶƄƿŹ�ƝřźƏř�ħŚų Ò�ÐÖ  Ð�ÒÍÓ  ÏÓÐ Ð�ÑÎ  ÒÎÎ ÏÔÍ 
Ʃřŵ�ƵŚĮŤƀƿř�Ʊƺų ƾƿřƺƷ�Ţưƀƣ Ö ÎÎÔ Î�ÓÕ  ÎÎ ÏÍÎ Ð�ÖÓ  

 ƶƄƿŹ Ö�Ð  ÒÏ Ð�ÒÕ  Õ�Ò  ÎÐÏ Ï�ÓÐ  

 ƶƄƿŹ�ƝřźƏř�ħŚų Ò�ÐÎ  Ï�ÏÓÍ  ÎÐÑ Ó�ÐÑ  ÏÓÐ ÎÐÔ 
 

��������ưƷ�ŹřŶƤƯ�ŪƿŚŤƳ�ŽŚſřźŝŠ��Źŵ�ħŚų�Źŵ�źƇŚƴƗ�ŹŚƸŝ�ƪƈƟ
Ţſř� ƱŚŤƀŝŚţ�ƪƈƟ� Żř� źŤưĩ� �Źŵ�Ʋƿř�ƾƯ� ƵŹŚŝ�Ʊřƺţ�ƶĩ�ŢƠĭ�

ƾƬƗ�� ƮƛŹśŸū� Źŵ� ħŚų� Źŵ� źƇŚƴƗ� ŵŚƿŻ�ƶŝ� �ŹŚƸŝ� ƪƈƟ��ƪǀƫŵ
ƾĭŶƳŹŚŝ��ƪŞƣ� ƩƺƈƟ� ƽŚƷ�śō�ƱƺǀţŚĩ� ƾƿƺƃ�ŚƷ�ƹ� ƵŶƃ� ƭŚŬƳř�
ƱƺǀţŚĩ�ƶƿǇ�ƶŝ� ŚƷ�ƾƯ�ƪƤŤƴƯ�ħŚų�ƾƴǀƿŚě�ƽŚƷ�ŶƳƺƃ� ���ƹŹ�Ʋƿř�Żř

�źƇŚƴƗ�śŸūŹŵŢſř�źŤƄǀŝ�ƱŚŤƀŝŚţ�ƪƈƟ�Źŵ�ƱŚƷŚǀĭ��@æç>���Źŵ
ƶŝ�źƈƴƗ�ƶſ�źƷ�śŸū�ƱřżǀƯ�ƵŚǀĭ�ƹŵ�źƷ��žƯ�źƇŚƴƗ�ƅƺƈų

�Źŵ�ƽƹŹ�ƹ�Żř� źŤƄǀŝ� ƱŚŤƀŝŚţ�ƪƈƟ� Źŵ�ƾƿřƺƷ�ƂŴŝ� ƹ� ƶƄƿŹ
� ŹŚƸŝ� ƪƈƟŢſř��� ŹřŵƺưƳÎƹÏƹÐƹÑ���ƶūƺţŚŝèŞƀƳ�ŢŝƺƏŹ� ƶŝÅŚŤ�

� �ƶƄƿŹ�ƝřźƏř�ħŚų�Źŵ�ǇŚŝ�śŸū�ƪǀƫŵ�źţǇŚŝħŚų�šřżƬƟ�Źŵ�
�ƱŚƷŚǀĭƱŚŤƀŝŚţ�ƪƈƟ�ŹŵƾƯ��ŶƳřƺţ� ŚƯŵ�źŧř�Żř�ƾƃŚƳ�żǀƳ�ŶƃŚŝ�ƶĩ�
ŜŞſƩƺƬſ�ƺưƳ�ƹ�ŶƃŹ��� ŚƷ�śŸū�ƱřżǀƯ�ƂƿřżƟř�ŦƗŚŝ�ƹƃ�ƵŶ
Ţſř� �ƶŝ�� ƩŚůźƷ�ƶūƺţ� ŵŹƺƯ� ƽŶƘŝ�šŚƤǀƤŰţ� Źŵ� ŶƿŚŝ� źƯř� Ʋƿř

ŵźǀĭ� Źřźƣ�ƺƯŻō� Żř�ƾƴƘƯ� Ʊ��ƽŹřŵt-testƾſŹźŝ�įřźŝ���ƽŹŚƯō�ƽŚƷ
Ŷƃ�ƵŵŚƠŤſř� �šƹŚƠţ�ƾƴƘƯ�ƽŚƷ�ƽŹřŵ�� ƵŚǀĭ� ƹŵ� źƷ�Źŵ�śŸū�źƔƳŻř

Źŵ�ƹ�ƪƈƟ�ƹŵ�Źŵ�ƽƹŹ�ƹ�žƯ�źƇŚƴƗ�ƵŚĮŤƀƿř�ƶſ�źƷ��ƵŶƷŚƄƯ
ƾƯ�� ŵƺƃ�åê�åá=� ��šƹŚƠţ�śźſ� źƈƴƗ�śŸū� ŵŹƺƯŹŵ��ƽŚƷ

ƾƴƘƯ�Źŵ�ƪƈƟ� ƹŵ� Źŵ�ƽŹřŵ�ƾưƳ� ƵŶƷŚƄƯ� ƵŚĮŤƀƿř� ƶſ�źƷ�ŵƺƃ��
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ƩƹŶūÏ��Źŵ�ƽƹŹ�ƹ�śźſ�žƯ�źƇŚƴƗ�ƱřżǀƯ��ƶƄƿŹƂŴŝ�řƺƷ��ƶƄƿŹ�ƝřźƏř�ħŚų�ƹ�ƵŚǀĭ�ƾƿRumex Pulcher��ŹŵƱŚŤƀŝŚţ�ƹ�ŹŚƸŝƶƘƫŚƐƯ�ŵŹƺƯ�ƽŚƷ�ƵŚĮŤƀƿř�Źŵ����
�

 ŹŚƸŝ  ƱŚŤƀŝŚţ  

 METALS Pb Cu Zn Pb Cu Zn 
 UNITS ppm ppm ppm ppm ppm ppm 
 DETECTION 0.2 0.2 0.2 0.2 0.2 0.2 
 METHOD IC 3M IC 3M IC 3E IC 3M IC 3M IC 3E 

�ƱŶƘƯ�ƵŚĮŤƀƿř�žƯ
ƶưƄģźſ 

ƾƿřƺƷ�Ţưƀƣ Õ�Ñ  ÐÕÖ ÑÖÍ Ó�Ö  Ï�ÑÐÓ  ÒÎÍ 

 ƶƄƿŹ Ö�Ð  ÐÖ ÎÔÕ Ò�Ô  Ï�ÒÐ  ÏÐÓ 
 ƶƄƿŹ�ƝřźƏř�ħŚų ÑÏ ÓÕÍ ÐÓÖ ÑÓ Ö�ÓÕÓ  ÐÔÑ 

�žƯ�ƱŶƘƯ�ƵŚĮŤƀƿř
ŹřŻ�ƵŹŵ 

ƾƿřƺƷ�Ţưƀƣ Ð�Ó  ÐÏÍ ÎÖÕ Î�Õ  Õ�ÐÓÍ  ÏÏÐ 

 ƶƄƿŹ Ò ÓÕ ÏÖ Ö�Ò  ÕÏ ÑÖ 
 ƶƄƿŹ�ƝřźƏř�ħŚų ÐÎ ÒÓÍ ÏÑÎ ÐÐ ÒÔÎ ÏÑÓ 
řŵ�ƵŚĮŤƀƿřƱƺų�Ʃ ƾƿřƺƷ�Ţưƀƣ ÎÎ ÖÒ ÔÑ Ô Ô�ÎÍÐ  Ò�ÕÏ  

 ƶƄƿŹ Ð�Ö  ÐÓ ÑÏ Ó�Ó  ÐÕ ÑÍ 
 ƶƄƿŹ�ƝřźƏř�ħŚų ÏÐ Ï�ÏÐÓ  ÎÖÓ ÏÓ ÏÐÓ ÏÍÖ 

 

ŚƄƳ� ŪƿŚŤƳƾƯ� Ʊ�� ƲǀĮƴſ� źƇŚƴƗ� ŢƔƬƛ� ƶƧ� ŶƷŵžƯ�ƽƹŹ�ƹ��
śźſ��Źŵ�ƮƷƥŚųŹŵ�ƮƷ�ƹ�ƄƿŹ�ƹ�ƾƿřƺƷ�ƂŴŝ�ŠƷŚǀĭ�ƹŵ�ƱŚ�

ƵŚĮŤƀƿř��ƱŶƘƯƶưƄģźſ�žƯ�ƵŹŵ�žƯ� ƱŶƘƯ� ƹ��ŹřŻ�ŢŞƀƳ��ƶŝ
Ʃřŵ�ƵŚĮŤƀƿř��ƾƳŶƘƯ�ƢƏŚƴƯ�Żř�źţŹƹŵ�ƶĩ�ƱƺųŢſř��ǇŚŝř�źţŢſ��

ƾƯ�ƶƤƐƴƯ�Ʋƿř�ƱŚƷŚǀĭ�Źŵ�ǇŚŝ�źƿŵŚƤƯ�Ʋƿř�ŢƬƗ�ŶƳřƺţ�źŧř�Źŵ��Ʋƿř
ƗŶƃŚŝ�ƪƯřƺ��
æ� ƶŝ� źƇŚƴƗ� Ʋƿř� źţǇŚŝ� ŹřŶƤƯ��ƥŚų� Źŵ� žƯ� ƅƺƈų

ƵŚĮŤƀƿř�ƽŚƷ�ƱŶƘƯƶưƄģźſ�žƯ�ƵŹŵ�žƯ�ƱŶƘƯ�ƹ���ŹřŻ
ŢŞƀƳ�Ʃřŵ�ƵŚĮŤƀƿř�ħŚų�ƶŝ�Ʊƺų� 

Ï� PH Śě�ƿ�Źŵ�ƥŚų�ƲǀƵŚĮŤƀƿř�ƽŚƷ�ƱŶƘƯƶưƄģźſ�žƯ��

ƵŹŵ�žƯ� ƱŶƘƯ� ƹ�ŹřŻ�ŢŞƀƳ�Ʃřŵ� ƵŚĮŤƀƿř� ƶŝ�Ʊƺų���ƢŞƏ
ƁŹřżĭ�įŚƷ� ŵƺūƺƯ�PH� Źŵ�ƥŚų�ƵŚĮŤƀƿř�ƽŚƷ�ƱŶƘƯ�

ƶưƄģźſ�žƯƵŹŵ�žƯ�ƱŶƘƯ�ƹ��ŹřŻ�ŵƹŶůŹŵ�Ó�Ò�Ó�ŵƺŝ�
�Ʋƿř� Źŵ� ƶƧPH��ƶƬưūŻř�ƲǀĮƴſ�šřżƬƟ� ƶŝ� ƵŚǀĭ�ƾſźŤſŵ

ŶŝŚƿ�ƾƯ�ƂƿřżƟř�žƯ�Ʊƺƿ�ŢƔƬƛ�ƂƿřżƟř� Śŝ� řźƿŻ���ƽŚƷ
H+Ʊƺƿ� ��ƶŝ� ƶƧ� žƯ� ƽŚƷ��ƶŝ� ƾŰƐſ� śŸū� šŹƺƇ

�Źřźƣ� ƵŚǀĭ�ŽźŤſŵ� Źŵ� źŤƄǀŝ� ŶƴŤƀƷ�ƥŚų�ƽŚƷŶǀŗƺƬƧ
ƾƯ�ŶƳźǀĭ��

ĩ� Ţſř� ƾƸƿŶŝ���������ƥŚų� Źŵ� ƲǀĮƴſ� źƇŚƴƗ� ƽǇŚŝ� ƱřżǀƯ� ƶ
ƵŚĮŤƀƿř�ƶŝ�źƔƳŵŹƺƯ�ƽŚƷ�ƵŹŵ�ƹ�ƶưƄģźſ�ƱŶƘƯ�ƵĦƿƹ�ƵƹǈƗ�ŹřŻ��źŝ
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ƶŝ�ƶĪƴƿř��ƪǀƫŵŹŚƀƳŚƧƶŝ�ƽŻŚſ�ŢǀƫŚƘƟ�źŧřŹŵ��ŢſǇŚŝ�ƾƘǀŞƏ�ŹƺƏ�ƽŚƷ�
ƩŚſ�ƾƏŹŵ�ƱŚƀƳř�Śţ�żǀƳ�ƶŤƃŸĭ�ƽŚƷ�Ţſř�ƶŤƟŚƿ�ƂƿřżƟř�ƽŵƹŶů� 

��������Źŵ�ŦŰŝ�ƵŚǀĭ�ƾƿǇŚě�źƇŚƴƗ�ƲǀĮƴſ��ƶƳƺĭ�ŚƷƿƾ�ŜſŚƴƯ�ŶƳř�
ƶƧ�ƪưŰţ�źŝřźŝŹŵ�ƾƿǇŚŝ�ŢƔƬƛ�ƽǇŚŝ�ƽŚƷżƬƟ��ƲǀĮƴſ�ŢƗźſ�

ŶƃŹ��ǇŚŝ�ŽŚƯƺǀŝ��ǇŚŝ�ƮŤƀǀſ�ƶƄƿŹ�ƽř�ƽƺƣ�ƹ�ƲǀƴĤưƷ��ŹƺŤƧŚƟ
ƩŚƤŤƳř�ƾƿǇŚŝ�ƶŤƃřŵƃŚŝ�ƴ�ŶŚţ�ƳřƺŤŝƴŶ�ŭƺƐſ�ƾƿǇŚŝ�Żř�ŚƷżƬƟ�řŹ�Źŵ�
ƭřŶƳř�ƽŚƷ�ƪŝŚƣ�ŹőŢƿ�ƶŤƃŚŞƳř�ƴƧƴŶ� �ƵƹǈƗ�� Ʋƿř� źŝƶŝ��ƱŵźŝŹŚƧ

ƮŤƀǀſ�ŚƷŵŶƘŤƯ� ƽ� ƪǀŞƣŻř�ƶƳƺĭ� śŚŴŤƳř��Śƿ� ƾƷŚǀĭ� ƽŚƷ

ƶŤƿŹřƹ�ŚƷƿƶŝ�ǇŚŝ�ƪǀƀƳŚŤě�Śŝ�ƾ�ƵŶƴƿǇō�ƱŵƹŵŻ�ŹƺƔƴƯ�ƲǀƘƯ�ƽŚƷ��
ƶŝ�ƁƹŹ�ƱŵźŝŹŚƧ��ƮǀƔƴţ�ŶƴƳŚƯ�ŵŶƘŤƯ�ƽŻŹƹŚƄƧ�ƽŚƷPH��ƱŵƹżƟř�

ŢǀƬǀƧ�ƶŝ�ƱŚĭŶƴƴƧ�řŹŚƧ�ƂƿřżƟř�ŹƺƔƴƯƿŶƴƿřźƟ�ƾ�ƾĭŵƺƫō�ƽŚƷ�řŵŻƿƾ�
ƹƶŝ��ƁƹŹ�ƱŵźŝŹŚƧ�ƶŝ�ƽĥƺƫƺƴƨţƺǀŝ�ƽŚƷ��ƯŚƳřƺţ�ƂƿřżƟř�ŹƺƔƴƿ�ƾ

ƥŚě� ŮƐſ� ƱŵźŝǇŚŝ� ƽřźŝ� ƱŚƷŚºǀĭ�Ƶŵƺƫō� ƢƏŚºƴƯ�ƽŻŚſ� �řŹŚƧƿ�ƾ
ƵŚǀĭ�ƾƿǇŚěƾƯ�ƂƿřżƟř�řŹ��ŶƷŵ�@è>���

ƾƯ� ƕƺưŬƯ� Źŵ���������ƶŬǀŤƳ� Ʋǀƴģ� Ʊřƺţ��ŵƺūƹ� ƶĩ� ŵźĩ� ƽźǀĭ
ƶŝ� ƲǀĮƴſ� źƇŚƴƗ� ƽǇŚŝ� ŢƔƬƛ��Źŵ� ƽƹŹ� ƹ� žƯ� ƅƺƈų
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ƂŴŝ�ƽŚƷƳƺĭ�ƞƬŤŴƯ�Š�źƔƳŵŹƺƯ� ƾƷŚǀĭ�ŢƗźſ��ŶƃŹ��ǇŚŝ�
ŝŽŚƯƺǀ��ǇŚŝ�ƮŤƀǀſ�ƶƄƿŹ�ƽř�ƽƺƣ�ƹ�ƲǀƴĤưƷ�ƩŚƤŤƳř�ŹƺŤƧŚƟ�ǇŚŝ�

ƵżǀĮƳř�ƽŵźŝŹŚĩ� ƽřźŝ� ƽř�� ƁƹŹ� Ʋƿř� ƱŵźĩįřźŝħŚě���ƹ� ƽŻŚſ
� Ƶŵƺƫō� ħŚų� ƩŚƤŤƳř� Żř� ƽźǀĭƺƬū� ƲǀƴĤưƷŚŝ� ƱřŹŚŝ� ƹ� ŵŚŝ��ŵŚŬƿř

źĩŢſř�Ƶŵ��ŚŬƳōŻř�ƵŵŚƠŤſř�ƶĩ��Źŵ�ƱŚƷŚǀĭ�ŻřƂƿǇŚě�ŢƀƿŻ�ƎǀŰƯ�
Ʈĩ� ƹ�ƾƘǀŞƏ�ƾƃƹŹ� Ƶŵƺƫō��Ţſř� ƶƴƿżƷƶƿŚƯźſ��ƹ�ƾưƬƗ�ƽŹřŸĭ

Ţſř�ŶƴưƃŻŹř�ŹŚǀƀŝ�ƶƴǀƯŻ�Ʋƿř�Źŵ�ƽŵŚƈŤƣř���
�
�

źƨƄţ�ƹ�źƿŶƤţ��
�

���������ƱŶƘƯ�šŚƤǀƤŰţ�ŹƺƯř�Ŷůřƹ�ƾƫŚƯ�ŢƿŚưů�Śŝ�ƂƷƹĦě�Ʋƿř
Ţſř� ƵŶƃ� ƭŚŬƳř� ƶưƄģźſ�žƯ� �ƲƿŶŝ�ƽŚƣō� śŚƴū� Żř� ƶƬǀſƹ�

�ƽŚƣō� śŚƴū� ƹ� ƶƗƺưŬƯ� Ʋƿř� ƭźŤŰƯ� źƿŶƯ� �ƾưſŚƣ� ŽŶƴƸƯ
�ŽŶƴƸƯ� ŹƺƯř�ƂŴŝ�žǀŗŹ� �ƱŚǀģźƨƃ�Źŵ�ŢƀƿŻ� ƎǀŰƯ� ƹ� śō

ƮƷřźƟ�ƱŵŹƹō�źƨƄţ�ƶƳŚưǀưƇ�šǈǀƸƀţ�ƹ�šŚƳŚƨƯř�İƯ�ŵƺƃ��
�
�
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