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©uZ�¯�\Àczc�¶]�z¿uZ¤¯�²º¿Y�¶º§åå�æè¹éì�æé¶«Zl´§�v�yu�

v�Z]�¾¯�Y|º¬§�aÇº´À�º§º¬-��¬dt¯�mº���|À³�v�y�_y¹u�yu
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©¹vk�yu�Z¸³M�¾º¿Yx��ª¿v^ºcèz¿uZ¤¯�²¿Y�¶§�b�Y�µv��µuYu�±Z�³�
Z]�©uZ�¯�\Àczc�¶]éå�æå¹îë�ìb�Y�µzÀk�yu�Y|¬§�¶«Zl´§�v�yu��

fp]
¥Yyºs��z�¯

¶º]¶«Zl´§�½Z·�aÇº´Àº�º§º¬-�¾º¬§�yºº��z�¯�Çº³Z§�¹ Y|¬§�
¶kººk ¥Yyººs²À¿Z��²À´��yu�Yy�Zº·�²¿{Z�M�µy¹u�zÀgPc�bpc

¾º°³�yYzº£v·u�¶kºk�²���¿Y|�Y�Z]µuZ d�Y�¹ Z·{Y�uZ¿{�z¿uZ¤¯�
µzÀk�¾§Yyºt�ºs��µzÀk�yu�Zº·aÇº´Àº�º§º¬-²¿Y�½¹Zo�½Z·
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ º¬��©Z�®d�·��µyZ°�yZ¸#��±Zd�¯{æèíÐ

ææí

¾¯��·Z§�¶«Zl´§¶kºk�¥Yyºs��z�¯�¹ v]Z¿v�y�µy¹u�yu�Z·
º�º§º¬-�zºÀgPc�bºpc¾¯�yYzº£ Y|º¬§�¶«Zl´º§ ½Zº·aÇº´ÀuzÀ-�

v´#zººº·ªhººº¯ ¾ººº�y¹z��aZ³YºÀºººo z¿Zººº� Zººº] ¶ººº�¿Z¤¯�yu�
�±Z-v´´§yYºtº�³�z�¯�z]�¾§v³Y�zÀgPc�¥Yyºs�®���yºÀº� yu�

~ºo aZ³YºÀºo {Y�µ¹zº- ²º¿Y�yu�Yzº¿{��uyYu�±M¹ ¾¿Z�#�½Z·
º] ¾º¿Z¿º]¶¶d�ZÀ³�ª¯Z¨c�²¿z¿Z��¾º]ºsb�Y��æé¹çè�uºk¹�Z]��

ººk¹�¾º§yYv¯��²º¿Y¾¯�±Z�³�¶§�uyYu�uµzÀk�¾§Yyºt�ºs�v·u
¾º¯ yYzº£ zºÀgPc�bºpc�Y|º¬§�¶«Zl´º§ ±u¹|º�Y�Zº]yYv¤¯�¹ uzºÀ-

aZ^À§zc�±uº]�YyYu�b¬��¶]��Y|º¬§�¶«Zl´º§ ½Zº·aÇº´Àº�º§º¬-
�·Zºº§ bºº¸k�yu�¾ºº¬¯Z���¾ºº�-�¹ v´ººc µ|ºº¯ uZººl¿Y�¹ ¾ºº¬´�

µzººÀk�¾§Yyºtºº�ºsbºº�Y�¶«Zl´ºº§ ²ºº¿Y�½¹Zººo ½Zºº·�æî��
µzºÀk�¾§Yyºtº�ºsº§ ¾º¿Z·®§�z¿uZ¤¯�Z]�Y|¬§�¶«Zl´§�½¹Zºo ¶

�æå�èåzº-yu�©º¯¹zº¨À¯�¹yZÀº�]®§�æ�êyu�©º¯¹z¨À¯
zº-�¾¯�uº^¸]��b�Z·�aÇº´Àº�º§º¬-v]Z¿�æé��µv���t�¯

Y|¬§�¶«Zl´§�²À¿Z��mº���¶§�bº�Y�ë�æçµzÀk�v�yu�yYv¤¯�Z]
uZ¿{�½Zº·aÇº´Àº�º§º¬-�{Y��À]�n��ëêz-�yu�©º¯¹z¨À¯�

l´º§ ¦º�s�µuZº¯Z]�Y|¬§�¶«Zl´§��Yy�Y|º¬§�¶«Z½Z·�aÇº´À�º§º¬-
v´º¯Z³�¾º¯ uZº¿{�¶kºk�µzÀk�¾§Yyºt�ºs�z]½Z·¶lÀd³�yu�¹ ¾d�º-

uyYv³�½zºÀgPc�¥Yyººs �zº�¯�ê��²¿Y�yu�·¹&�Zc�Y|¬§�¶«Zl´§�|À³�
n�º�íî�í�¶kºk�¥Yyºs��z�¯�z]�½zÀgPc�µzÀkv�y�_y¹u�yu�Z·

bº�Y�¶dº�Yv³�µzÀk�¥Yyºs��z�¯��·Z§�±º#¶«Zl´§�½¹Zo�½Z·
½ÇZººº] mº�ººº� ¶ººº] >ÇZ°dºººoY�¾dººº�º-�½Zººº·¶kººººk yu�Y|ººº¬§

µzºººÀk�½Zººº·aÇº´Àººº�º§º¬-�è�yu�uººººkº¯�uzººº-º-�|ºººÀ³�¹
Zº·aÇº´Àº�º§º¬-�çæ���ª¨º�æ�uyYu�¾.dº�]�f�Z]�uZ¿{�uz-º-

¹�yYº-�µZ.d�u�{Y�®À�¬§��º�u��¿Y|º�Y��¥Yyººs �zº�¯��·Zº§
¾º¯ yYyuYuuzº-�Çº´À�º§º¬-�n���²¿Yz]Z ]́���µzÀk�yu�uºkº¯�½Z·�a

¾¯�yYz£�zÀgPc�bpc�Yy�¥Yyºs��z�¯v·u�

±{¹�¶�Z�Y
½ÇZ]�mº���{Y�¶§�¾¿Z·yZ°Àc�yu�Z·�¶kººk ±{¹�¶�Zº�Y��·Zº§
¶]�½u¹vo�Zc�v´´§�¾¯�µuZ d�Y�Y|¬§�¶«Zl´§�½Zº·aÇº´Àº�º§º¬-
�z�¯�±M�©Z^³u�¶]�¶§�uyYu�¾.d�]�Z¸³M�¥Yyºs��z�¯��·Zº§

§ |À³�½xº�¯�uYºº¯ µuZ dº�Y�¹�·Z¾¯v]Z¿�í��{Y�½z.¿u��t]
¶kººk ±{¹�¶�Zº�Y��·Zº§½ÇZ]�mº���Zº] µvº� ¶º¿x�c�½Zº·

�uz-º-�zcuZ¿{�yYv¤¯�¶]��º]z¯�Y|¬§�¶«Zl´§�½Z·�aÇº´Àº�º§º¬-
b�Z·�aÇº´Àº�º§º¬-�yu�uººkº¯�¾º³v�¯�uzº-º-��ºº�t]�
�aZ³ºÀ�ºÀc¹|¿Y�v´³Z¯�Z·�aÇº´Àº�º§º¬-�½|ºÀ«¹yvÀ·�aYvÀº«ºc

À«¹{Zº�§Y�¹ aZ³ºÀº�ºÀc²¿vç�v´d�·�uz-º-�½YyYu�|ºÀ³�±ºÀºc�
Y|¬§�¶«Zl´§�yu�uz-º-yYv¤¯æé�æZ¿º��¶«Zl´§�yu�¹ v�yuéé�å

¶´À¯M�½Z·vÀ�Y�yYvº¤¯�¶º§ bº�Y�vº�yuZ¿º��¶«Zl´§�yYuuz-º-�
>Z^¿z¤cìê¾«Zo�yu��µuº]�¶«Zl´§�²¿Y�yu�µv��b�Z¿�uz-º-�v�yu

>Z^¿z¤c�Y|¬§�¶«Zl´º§ yu�yYvº¤¯�²º¿Y�¶º§çêb�Y�v�yu�À´#�®·²
�tº�¯º�¶kººk yu�uzº-º-��º�u�¶º§ bº�Y�µv{Y�¶§�¾º¿Z·

k½Zº·µzºÀµuº°³�µuZ d�Y�Y|¬§�¶«Zl´§�½¹Zo�b�Y�zd�À]�v³Y�çå�
b�Y�¶«Zl´º§ ²º¿Y�yu�uzº-º-�zdº�À]�yYvº¤¯�µv´º·u�±Zº�³�¶º§�

kººk¶uºs�µzÀk�yu�¾³v�¯�uz-º-�¾°§�yYv¤¯��¿Y|º�Y�¶º] Zº·
ªº°¨¯�{Y�µuZ dº�Y�¹ v´dº�·�¹Zº¤¯Àk�yu�yYuuz-º-�½Z·µz½Z·�

�·Z§�Yy�Z¸³M�uz¨¬°��Y|¬§�¹ Çº³Z§�¶«Zl´º§ ½¹Zºo¾¯v·u�yu
¾ ´¯�zgY�²Àd�À��¶]�b^�³�²À³ºÀd¯�±u¹|º�Y�¶º�]Yy�²º¿Y½zd�À]

uyYu��t]�µv´´§�²À¯Pc�±Yº´��¶]�Y|¬§�¶«Zl´§�{Y�µuZ d�Y�²¿Yz]Z´]
zd�À]�¾³v�¯�uz-º-�±uº]�YyYu�b¬��¶]�¹ µzÀk�²ÀXc¹z��{Y�¾°¸¯

�{Y�¾º�Z³�uzº-º-Z·�aÇº´À�º§º¬-�|À«¹yvÀ·�¶«Zl´§�¶]�b^�³
�·Z§�f�Z]�µzÀk�yu�²À³ºÀd¯�ª°¨¯�Z]�±v��µYz°·�|ºÀ³�¹ Z¿ºº�

¶kººk ±{¹�¶�Zº�YZ·¾¯uº��çå��b�Y�µv���t�¯�¾�·¹&��yu
¶º§yYv¤¯�¶§�½vo�Zc�Z¿º��¶«Zl´§�½¹Zo�µzÀk�¶]�uz-º-�±uz§�¶�Z�Y

uuz-�Y|¬§�¶«Zl´º§ ½¹Zºo µzºÀk�Zº] zº]Yz]�±M�éë�å���·Z§�\kº¯
¶kºººk ±{¹�¶�Zºº�Yvºº� Zºº·¹ µµzººÀk uzºº-º-�n�ºº� ²¿Yzºº]Z´]�

¶kººk{Y��Àº] v¿Z^º³ ¾dº�º-�½Zº·ê�å�vº�Z]�çå��²À´#�®·
zgY�Z]��Z^cyY�yu�uz¨¬°���·Z§�{Y�¾�t]�¶§�bº�Y�µvº��tº�¯
uZ¿{�uz-º-�uºk¹�¶§�½yº��¶]��b�Y�uz-º-�¹ ®À�¬§�²Àº] ª]Z¤dº¯

Yº-�aZ^À§zc�yu�uºkº¯�®À�¬§�¶]�µzºÀk�yu®À�¬§���u�¹ ª�d¯��y
�¿Y|º�Y¾º¯v]Z¿�¹ ¾§Yyºt�ºs�z]�µzÀk�yu�uZ¿{�uz-º-�±º#

uyYu�zÀgPc�®À�¬§�[xºk�¿Z]�²¿Yz]Z´]�vuz-º-�¹ ®À�¬§�±{Yºc�¶]�
µzÀk�yub�Yu�¾�Z§�¶kºc�Y|¬§�¶«Zl´§�½¹Zo�½Z·�çæ��
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¾d�º-�½Z·�¶kºk�uz¨¬°��z]�¾¿Yx��_zÀk�½Z·�aÇº´À�º§º¬-��¬dt¯�mº���zgY

ææî

©¹vké�aÇº´À�º§º¬-�n���½Yz]�²À¤¤p¯�½uZ¸´�À��aÇuZ�¯�k ½Y|¬§�¶«Zl´§�¹ Z·¾d�º-�½Z·�¶kºk�¾¿Yx��µzÀ
²À¤¤p¯ ; < ¶«uZ�¯

[{�æîîí�
�çè�

µzÀk�aÇº´À�º§º¬-
�©º¯¹z¨À¯?µzÀk�z-�

±{¹�¶�Z�Y
�z-?¶kºk�

;íì�ê�éí�îìç <

±YyZ¨°·�¹ }º¬§�æîîé�
�æå�

µv��µuyºs�aÇº´À�º§º¬-
�z-�¾¬À¯?±v]�±{¹�z-�

¹u�¶d ·�yu�±{¹�¶�Z�Y
�z-�

;èè�é�åå�íí <
ìé�U  �åê�å3�

±YyZ¨°·�¹ }º¬§�æîîé�
�æå�

µv��µuyºs�aÇº´À�º§º¬-
�z-�¾¬À¯?±v]�±{¹�z-�

º��¶d ·�yu�±{¹�¶�Z�Y
�z-�

;èç�ê�çæ�çèæ <
ëë�U� �åêæ�å3 

±YyZ¨°·�¹ YºÀkZ´¿yZ§�æîîè�
�í�

µzÀk�Y|¬§�¶«Zl´§
�z-?z-º¬À§�

²¿{Z�M�µy¹u�yu�±{¹�¶�Z�Y
�z-�

;êë�å�í�ëåí <
îç�U� �åæ�å3�

±YyZ¨°·�¹ YºÀkZ´¿yZ§�æîîè�
�í�

µzÀk�Y|¬§�¶«Zl´§
�z-?z-º¬À§�

²¿{Z�M�µy¹u�yu�¥Yyºs��z�¯
�z-�

;îè�å�í�ææææ <
îè�U� �åæ�å3�

±YyZ¨°·�¹ YºÀkZ´¿yZ§�æîîè�
�í�

µzÀk�Y|¬§�¶«Zl´§
�z-?z-º¬À§�

v�y�µy¹u�yu�±{¹�¶�Z�Y
�z-�

;íç�å�é�æçêí <
íë�U� �åæ�å3�

±YyZ¨°·�¹ YºÀkZ´¿yZ§�æîîè�
�í�

µzÀk�Y|¬§�¶«Zl´§
�z-?z-º¬À§�

v�y�µy¹u�yu�¥Yyºs��z�¯
�z-�

;æê�ç�æ�çëíî <
îæ�U� �åæ�å3�

U��®·�\¿z�v�yu�\�o�z]�¾.d�]�

¾¿Yx��ª¿v^c�\¿z�
f�Z]�µzÀk�yu�Y|¬§�¶«Zl´§�½Zº·aÇº´Àº�º§º¬-�½ÇZº] mº�º�

¿v^ºc \¿zº� yu��¿Y|º�Y{Y�¾�Z³��¿Y|�Y�²¿Y�¶§�v��¾º¿Yx��ª
¶kºk�±{¹�¶�Z�Y�yu�v¿vº� �·Zº§¾¿Z·yZ°Àc�yu��º�t]�Z·

�v³Y�µuz§�µuZ d�Y�µzÀk�½Z·�aÇº´À�º§º¬-�½ÇZ]�mº�º� {Y�¶º§
bºº�Y�vºº�y�yZ°Àººc yuê¶ºº] b^ºº�³�¥Yyºººs �zºº�¯�v´#zºº·

�·Zº§ Z·yZ°Àcz¿Zº�bº�Z¿�ª¨�Ð�«Y�±{¹�¶�Z�Y�yYv¤¯�Z¯Y��
¹u�z·�yu�yZ°Àc�²º¿YZ·yZ°Àc�z¿Z��¶]�b^�³�v�y�¹ ²¿{Z�M�_y¹u�

uYu�±Zº�³�½zdº�À]��·Zº§�ª¨º�Ï¹ [Ð[��yYv¤¯�zh§Yvo
Z·�¶kºk�v�y�¹ ²¿{Z�M�_y¹u�yu�±Yººc¾º¯ ¶º§ ¾º¿Y|¬§�¶«Zl´º§

Z]�z]Yz]�\Àczc�¶]�uz§�µuZ d�Yéì�æé¹éå�æåb�Y�µzÀk�v�yu�
²º¿Y�j¿Zdº³�·¹&º�±YyZ¨°·�¹ ±º�À«�j¿Zd³�Z]��ææ�mº���¶§

ºº�Zººc z æåå¾ºº¿Yx��_zººÀk�yu�Yy�Çººº³Z§�¶«Zl´ºº§ {Y�vºº�yu
¶kººk®ºtc�±Z�zº¯ ¹ ¾dº�º-�½Zº·Z¿º��¶«Zl´§�½Zk�¶]�yYx-

>ÇZ°doY�a¹Z c�²¿Y�b¬��¶º§ uyYu�azº¿Z�¯��v³uºº°³�²¿|º.¿Zk
µzÀk�yu�Çº³Z§�¶«Zl´§�{Y�²À¤¤p¯�²º¿Y�µuZ dº�Y�¶º] �º]zº¯½Z·

À«M�½Z·�aÇº´À�º§º¬-�yYv¤¯�¶§�b�Y�µuºº] ¾º�¿Z¯{M±M�¦ÀcZ 
{Y�zºd°§èåb�Y�¶«Zl´§�¦�s�µuZ¯�zº- yu�©º¯¹zº¨À¯��æí��
j¿Zdºº³µvºº¯M�bºº�u�¶ºº]²ºº¿Y vºº�y�_y¹u�{Y��·¹&ºº�j¿Zdºº³ Zºº]

±YyZºº¨°·�¹ YºÀººkZ³º¿yZ§�í�½¹Zººo Y|ºº¬§�¶«Zl´ºº§ ¶ºº§è�éè
_y¹u�yu�Yy�¦ºº�s�µuZºº¯ zºº- yu�aÇº´Àºº�º§º¬-�©º¯¹zºº¨À¯

b¤]Z�¯��v³uzº§ µuZ dº�Y�vº�y�¹ ²¿{Zº�M¾¯v¿Z°³�uy�·¹&�
±YyZ¨°·�¹ ±Çºº¿�ë�©v³Z§�½Z·�¶d¿yY¹�Y|¬§�¶«Zl´§�{Y��&DQGOH�

y¹Zºc ¹�7RZHU�¶kººk µzºÀk�yu�¶§�v��µuZ d�Y�¾d�º-�½Zº·
{Y��Àº] n�º�çåf�Z]�²¿{Zº�M�µy¹u�yu�Y|º¬§�¶«Zl´º§ vº�yu
¾º´�¯��¿Y|º�Yb�Y�µvº� ¾º¿Yx��ª¿v^ºc \¿zº� yu�yYu�b¬�

²º¿Y�Zº] j¿Zdº³ ²º¿Y�a¹Zº c�·¹&º�>ÇZ°dºoY�º¯yYv¤¯�¶]��º]z
®§�½Z·�aÇº´À�º§º¬-yuZ·�¶d¿yY¹�²¿Y�y¹Zc¹�©v³Z§�b�Y�

¾´À]��À��½Yz]�Yy�¾º ¬dt¯�¾³ºÀº�z-y�aÇuZº�¯�²Àº¤¤p¯
\ººº�o�zººº] ¾dººº�º-�½Zººº·¶kººººk uzººº¨¬°��yu�aYzºººÀÀ�c
Z¸³M�{Y�¾sz]�¶§�v³Y�µuz§�±ZÀ]�Y|¬§�¶«Zl´º§ ¹ Zº·aÇº´Àº�º§º¬-

©¹vk�yuéb�Y�µv��µuYu�±Z�³��¿u�²À¤¤p¯¶§�v´´§�¾¯�±ZÀ]�z.
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ º¬��©Z�®d�·��µyZ°�yZ¸#��±Zd�¯{æèíÐ

æçå

{Y��À]�n�º�æåf�Z]�µzÀk�z-�yu�aÇº´À�º§º¬-�©º¯¹z¨À¯�
yYu�¾º´�¯��·Zº§yun���¹ µv��¾d�º-�½Z·�¶kºk�v�yëZc

æåf�Z]�b�Y�²º¨°¯�µzºÀk�yu�aÇº´Àº�º§º¬-�©º¯¹zº¨À¯æå
uuzº- Zºº¸³M�vº�y�yu��·Zºº§ vº�yu�æè��yu¾ºº�·¹&��zºº.¿u�

ayº��¶]�¾d�º-�½Z·�¶kººk ±{¹�¶�Zº�Y�¾º¯Z.´·¾�s�ìZc�
æåµzÀk�½Z·�aÇº´À�º§º¬-�n���¶§�b�Z¿��·Zº§ vº�yuì�ì

uºº] zº- yu�©º¯¹zº¨À¯�æè��²º¿Y�yu�·¹&�n���Z]�|À³�æå
©º¯¹zºº¨À¯{Y±{¹�¶�Zºº�Y��µzººÀk zºº- yu�Zºº·aÇº´Àºº�º§º¬-

\Àczc�¶]�v�y�¹ ²¿{Z�M�_y¹u�yu�Z·�¶kººké�æå¹î�ëv�yu�
\Àczc�¶]�Z¸³M�¾¿Yx��ª¿v^c�\¿z��¹ �·Zº§ì�æé¹ë�év�yu�

v]Z¿�¾¯��¿Y|�Y�¾¯�¶d¨³�²¿Y�¶]�±Z¿Z��yun���¶§�uz§�µyZ�Y�±Yºc
¿Z^³�v�y�¹ ²¿{Z�M�½Z·�µy¹u�yu�µzÀk�½Zº·aÇº´Àº�º§º¬-v¶]�

{Y��Àº] \Àczºcèë�ææ¹ææ�ív�Z]�µzÀk�z-�yu�©º¯¹zº¨À¯�
¹ ²¿{Z�M�µy¹u�yu�¶§�¾¿Y|¬§�¶«Zl´§�yYv¤¯�²¿zdº�À]�²Àº´#�®º·

k yu�±Yºc�¾º¯ vº�yµzÀ¾¿Yx��] ¾d�º-�½Z·�¶kºk�¶¶]�uz]�yZ§
z]Yz]�\Àczcæè¹íb�Y�µzÀk�v�yu��

½yY|.�Z��
z�Zs�¶]�z^§Y�¾¬��Z�zÀ¬��zd§u�¹ Z�yyº��uYººk zºd§u�±Zº¿Z£M�{Y
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�]Z´¯µuZ d�Y�uyº¯�
�� %HOO��0��������1XWULHQWV�DQG�WR[LFDQWV�LQ�UDSHVHHG�PHDO� -� $QLP�6FL���������������
�� &LVND��(��DQG�+��.R]ORZVND�������*OXFRVLQRODWHV�RI�FUXFLIHURXV�YHJHWDEOHV��3ROLVK�-��)RRG�DQG�1XWU��6FL��������������
�� &ODQGLQLQ�� '�� 5�� DQG� $�� 5�� 5REEOHH�� ������ &DQROD�PHDO� FDQ� EH� JRRG� VRXUFH� RI� KLJK� TXDOLW\� SURWHLQ� IRU� SRXOWU\��

)HHGVWXIIV�����������
�� &ODQGLQLQ�� '�� 5��� /�� %D\O\� DQG� $�� &DEDOOHUR�� ������ 5DSHVHHG� PHDO� VWXGLHV�� ��� (IIHFWV RI� ������YHQ\O����

R[D]ROLGLQWKLRQH�� D�JRLWURJHQ� LQ� UDSHVHHG�PHDO�RQ� WKH� UDWH�RI�JURZWK�DQG� WK\URLG� IXQFWLRQ� LQ�FKLFNV��3RXOW��6FL��
�����������

�� (OZLQJHU��.��DQG�%��6DWHUE\��������&RQWLQXHG�H[SHULPHQWV�ZLWK�UDSHVHHG�PHDO�RI�D�6ZHGLVK�ORZ�JOXFRVLQRODWH�W\SH�
IHG�WR�SRXOWU\����([SHULPHQWV�ZLWK�EURLOHU�FKLFNHQV��6ZHGLVK�-��$JULF��5HV�����������

�� +XODQ�� +��:��� )�� *�� 3URXGIRRW� DQG� .�� %�� 5DH�� ������ 5HSODFHPHQW� RI� VR\EHDQ� PHDO� LQ� FKLFNHQ� EURLOHU� GLHWV� E\�
UDSHVHHG�PHDO�DQG�ILVK�PHDO�FRPSOHPHQWDU\�VRXUFHV�RI�GLHWDU\�SURWHLQ��&DQ��-��$QLP��6FL��������������

�� *ULIILWKV��1��0���*��5��)HQZLFN��$��:��3HDUVRQ��1�0��*UHHQZRRG�DQG�(�-��%XWOHU��������(IIHFWV�RI�UDSHVHHG�PHDO�RQ�
EURLOHUV��6WXGLHV�RI�PHDW� IODYRU�� OLYHU�KDHPRUUKDJH�DQG� WULPHWK\ODPLQH�R[LGDVH�DFWLYLW\�� -��6FL��)RRG�DQG�$JULF��
�����������

�� .DUXQDMHZD�� +��� (�� *�� ,MDJEXML� DQG� 5�� /�� 5HHFH�� ������ (IIHFW� RI� GLHWDU\� OHYHOV� RI� UDSHVHHG� PHDO� DQG�
SRO\HWK\OHQHJO\FROH�RQ�WKH�SHUIRUPDQFH�RI�PDOH�EURLOHU��3RXOW��6FL�������������

�� .DXVKLN�� 1�� DQG� $�� $JQLKRWUL�� ������ +LJK� SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSKLF� PHWKRG� IRU� VHSDUDWLRQ� DQG�
TXDQWLILFDWLRQ�RI�LQWDFW�JOXFRVLQRODWHV��&KURPDWRJUDSKLD �����������

���.ORVV��3���(��-HIIHU\��0��:DOOLJ��0��7XPEOHVRQ�DQG�&��3DUVRQV��������(IILFDF\�RI�IHHGLQJ�JOXFRVLQRODWH�H[WUDFWHG�
FUDPEH�PHDO�WR�EURLOHU�FKLFNV��3RXOW��6FL���������������

���/HHVRQ��6���-��2��$WWHK�DQG�-��'��6XPPHUV��������7KH�UHSODFHPHQW�YDOXH�RI�FDQROD�PHDO�IRU�VR\EHDQ�PHDO�LQ�SRXOWU\�
GLHWV��&DQ��-��$QLP��6FL�������������

���0DUDQJRV��$��DQG�5��+LOO��������7KH�K\GURO\VLV�DQG�DEVRUSWLRQ�RI�WKLRJO\FRVLGHV�RI�UDSHVHHG�PHDO��3URF��1XWU��6RF���
�����$��DEVWUDFW��

���0DZVRQ�� 5��� 5�� .�� +HDQ\�� =�� =GXQF]\N� DQG� +�� .R]ORZVND�� ������ 5DSHVHHG� PHDO� JOXFRVLQRODWHV� DQG� WKHLU�
DQWLQXWULWLRQDO�HIIHFWV���$QLPDO�JURZWK�DQG�SHUIRUPDQFH��'LH�1DKUXQJ������������

���0DZVRQ�� 5��� 5�� .�� +HDQ\�� =�� =GXQF]\N� DQG� +�� .R]ORZVND�� ������ 5DSHVHHG� PHDO� JOXFRVLQRODWHV� DQG� WKHLU�
DQWLQXWULWLRQDO�HIIHFWV����)ODYRXU�DQG�SDODWDELOLW\��'LH�1DKUXQJ������������

���1DWLRQDO�5HVHDUFK�&RXQFLO��������1XWULHQW�5HTXLUHPHQWV�RI�3RXOWU\��WK HG���1DWLRQDO�$FDGHP\�3UHVV��:DVKLQJWRQ��'�&�
���3HDUVRQ��$��:��1��0��*UHHQZRRG��(�-��%XWOHU�DQG�*�5��)HQZLFN��������%LRFKHPLFDO�FKDQJHV�LQ�OD\HU�DQG�EURLOHU�

FKLFNHQV�ZKHQ�IHG�RQ�D�KLJK�JOXFRVLQRODWHV�UDSHVHHG�PHDO��%ULW��3RXOW��6FL�������������
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���6$6� ,QVWLWXWH�� �����6$6�8VHU¶V� JXLGH�� 6WDWLVWLFV�� YHUVLRQ� ������ HGLWLRQ�� 6$6� ,QVWLWXWH�� ,QF��&DU\��1RUWK�&DUROLQD�
SS����������

���6KDKLGL��)��������&DQROD�DQG�5DSHVHHG��3URGXFWLRQ��&KHPLVWU\��1XWULWLRQ�DQG�3URFHVVLQJ�7HFKQRORJ\�9DQ�1RVWUDQG�
5HLQKROG�3XE���1HZ�<RUN�

���6KDKLGL�� )�� DQG� 0�� 1DF]N�� ������ $Q� RYHUYLUZ� RI� WKH� SKHQROLFV� RI� FDQROD� DQG� UDSHVHHG�� &KHPLFDO� VHQVRU\� DQG�
QXWULWLRQDO�VLJQLILFDQFH��-��$P��2LO�&KHP��6RF���-$2&6��������������

���6XPPHUV��-��'���0��%HGIRUG�DQG�'��6SUDWW��������,QWHUDFWLRQ�RI�FDOFLXP�DQG�VXOIXU�LQ�FDQROD�DQG�VR\EHDQ�PHDO GLHWV�
IHG�WR�EURLOHU�FKLFNV��&DQ��-��$QLP��6FL�������������

���6XPPHUV��-��'���'��6SUDWW�DQG�0��%HGIRUG��������6XOSKXU�DQG�FDOFLXP�VXSSOHPHQWDWLRQ�RI�VR\EHDQ�DQG�FDQROD�PHDO�
GLHWV��&DQ��-��$QLP��6FL�������������

���:LWKHUV��3��-��$��DQG�)�0��2¶'RQQHOO��������7KH�UHVSRQVH�RI�GRXEOH�ORZ�ZLQWHU�RLOVHHG�UDSH�WR�IHUWLOLVHU�VXOSKXUH��-��
6FL��)RRG�DQG�$JULF������������

���=HE��$��������3RVVLELOLWLHV�DQG�OLPLWDWLRQV�RI�IHHGLQJ�UDSHVHHG�PHDO� WR�EURLOHU�FKLFNV��3K�'��7KHVLV��*HRUJ�$XJXVW�
8QLYHUVLW\��*RWWLQJHQ��*HUPDQ�
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