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/XF\�6DEX���.��+LPDFKDOD���
&�5��$UXQV\DPUDM���
%LQGX�/DNVKPDQDQ��DQG�.��'HYDGD�
'HSDUWPHQW�RI�9HWHULQDU\�3DUDVLWRORJ\
&ROOHJH�RI�9HWHULQDU\�	�$QLPDO�6FLHQFHV��
0DQQXWK\���������7KULVVXU��.HUDOD5HFHLYHG������������

$FFHSWHG������������

$EVWUDFW
(\H�ZRUP�LQIHFWLRQ�GXH�WR�2[\VSLUXUD�VS��

ZDV�GHWHFWHG�LQ�D�ÀRFN�RI�IRXU�ZHHN�ROG�FKLFNV�
UHDUHG�LQ�WKH�EDFN\DUG�RI�D�KRXVH�LQ�7KULVVXU�
GLVWULFW�� 6XULQDP� FRFNURDFKHV� �3\FQRVFHOXV�
VXULQDPHQVLV��ZHUH� LGHQWL¿HG� DV� WKH� YHFWRUV�
IURP�ZKLFK�DOO�WKUHH�ODUYDO�VWDJHV�RI�WKH�KHOPLQWK�
FRXOG�EH�UHFRYHUHG��6XFFHVVIXO�WUHDWPHQW�ZLWK�
/HYDPLVROH�DQG�SRVVLEOH�FRQWURO�PHDVXUHV�DUH�
DOVR�GLVFXVVHG��
.H\ZRUGV� 2[\VSLUXURVLV��FKLFNV��WUHDWPHQW��
YHFWRU��3\FQRVFHOXV�VS�

(\H�ZRUP�LQIHFWLRQ�GXH�WR�WKH�VSLUXULG�
ZRUP�2[\VSLUXUD�VS��LV�D�ZLGHO\�GLVWULEXWHG�DQG�
HFRQRPLFDOO\� LPSRUWDQW� QHPDWRGRVLV� DPRQJ�
EDFN\DUG�SRXOWU\�LQ�WKH�WURSLFDO�DQG�VXEWURSLFDO�
UHJLRQV��7KLV�SDUDVLWH�RFFXUV�XQGHU�WKH�QLFWLWDWLQJ�
PHPEUDQH�RI�ELUGV�DQG�XQGHUJRHV�D�GLJHQHWLF�
SDUDVLWHV� OLIH� F\FOH� LQYROYLQJ� FRFNURDFKHV�
�3\FQRVFHOXV�VXULQDPHQVLV��DV�WKH�LQWHUPHGLDWH�
KRVW� �6FKZDEH�� �������$IIHFWHG� ELUGV� VXIIHU�
IURP� RSWKDOPLWLV� ZLWK� LQIODPHG�ZDWHU\� H\HV�
DQG�ZDWHU\�FKHHV\�PDWHULDO�FROOHFWHG�XQGHU�WKH�
H\HOLGV��7KLV�VWXG\�ZDV�XQGHUWDNHQ�WR�LGHQWLI\�
WKH�YHFWRUV�RI�2[\VSLUXUD�VS��LQ�SRXOWU\�
0DWHULDOV�DQG�0HWKRGV

$�VPDOO�ÀRFN�RI�HOHYHQ�FKLFNV�DJHG�IRXU�
ZHHNV�� UHDUHG� LQ� WKH�EDFN\DUG�RI� D�KRXVH� LQ�
7KULVVXU�'LVWULFW��.HUDOD�ZDUH�UHSRUWHG�WR�KDYH�

RSKWKDOPLWLV�ZLWK�FKHHV\�PDWHULDO�DFFXPXODWHG�
XQGHU� WKH� H\HOLGV��7KH� ELUGV�ZHUH� H[DPLQHG�
DQG� ODUJH� QXPEHU� RI�ZRUPV�ZHUH� UHFRYHUHG�
XQGHU� ORFDO� DQHVWKHVLD� DQG� SODFHG� LQ� )$$/�
VROXWLRQ�IRU�IXUWKHU�VWXGLHV��6DEX�HW�DO����������
$�VHDUFK�IRU�WKH�VXVSHFWHG�YHFWRUV�ZDV�PDGH�
DURXQG� WKH�SUHPLVHV�RI� WKH�KRXVHKROG��$QWV��
EHHWOHV�DQG�FRFNURDFKHV�ZHUH�SLFNHG�XS�IURP�
WKH�PDQXUH�FROOHFWHG�XQGHU�WKH�QLJKW�VKHOWHU�RI�
WKH�ELUGV��7KH\�ZHUH�EURXJKW�WR�WKH�ODERUDWRU\�
IRU�GLVVHFWLRQ�DQG�IXUWKHU�VWXGLHV��
5HVXOWV�DQG�'LVFXVVLRQ

7KH ZRUPV� UHPRYHG� IURP�XQGHUQHDWK�
WKH�QLFWLWDWLQJ�PHPEUDQH�ZHUH� VOHQGHU��ZKLWH�
DQG�WKUHDG�OLNH�LQ�DSSHDUDQFH��)LJ����7KH�PDOH�
ZRUPV�PHDVXUHG������PP�ZKLOH� WKH� IHPDOHV�
ZHUH�������PP�ORQJ��7KH�PD[LPXP�ZLGWK�RI�WKH�
ZRUPV�UDQJHG�IURP�����WR��������7KH�SKDU\Q[�
ZDV�W\SLFDOO\�KRXU�JODVV�VKDSHG��7KH�SRVWHULRU�
HQG�RI�WKH�PDOH�ZDV�VSLUDOO\�FRLOHG�DQG�KDG�WZR�
XQHTXDO�VSLFXOHV��)LJ������

7KH� DQWV�� EHHWOHV� DQG� FRFNURDFKHV�
FROOHFWHG�IURP�WKH�SUHPLVHV�RI� WKH�KRXVHKROG�
ZHUH�GLVVHFWHG��1R�QHPDWRGH�ODUYDH�FRXOG�EH�
GHWHFWHG�ZLWKLQ�WKH�ERG\�RI�WKH�DQWV�RU�EHHWOHV��
7KH�Q\PSKV�DQG�DGXOW�FRFNURDFKHV�FROOHFWHG�
IURP� WKH�PDQXUH�ZHUH� LGHQWL¿HG� DV�6XULQDP�
FRFNURDFKHV� �3\FQRVFHOXV� VXULQDPHQVLV��
EDVHG� RQ� PRUSKRORJ\� �)LJ����� 7KH� DGXOW�
FRFNURDFKHV�KDG�XQLIRUPO\�GDUN�EURZQ�ZLQJV��

���3URIHVVRU�DQG�+HDG��'HSDUWPHQW�RI�3DUDVLWRORJ\�&9$6��3RRNRGH�
����&RUUHVSRQGLQJ�DXWKRU
���0�9�6F�6FKRODU
���%96F�	�$+�JUDGXDWH
���$VVLVWDQW�3URIHVVRU
���'LUHFWRU��$FDGHPLFV�DQG�5HVHDUFK���.9$68��3RRNRGH
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�� 5HFRYHU\�RI�/DUYDH�RI�2[\VSLUXUD�6S��)URP�6XULQDP���

VKLQ\�GDUN�EURZQ�WR�EODFN�KHDG�DQG�SURQRWXP�
DQG�PHDVXUHG�WZR�FP�LQ�OHQJWK��7KH�Q\PSKV�
ZHUH�VLPLODU�LQ�DSSHDUDQFH�EXW�ZHUH�VPDOOHU�LQ�
VL]H�DQG�ZLWKRXW�ZLQJV��

'LVVHFWLRQ�RI� WKH�Q\PSKV�\LHOGHG�¿UVW��
VHFRQG�DQG� WKLUG� VWDJH� ODUYDH��+RZHYHU�� WKH�
GLVVHFWLRQ� RI� DGXOW� FRFNURDFKHV� \LHOGHG� D�
IHZ�VHFRQG�VWDJH�ODUYDH�DQG�ODUJH�QXPEHU�RI�
HQF\VWHG�WKLUG�VWDJH�ODUYDH��7D\ORU�HW�DO����������
2QH�KXQGUHG�DQG�¿IWHHQ�ODUYDH���UG�VWDJH������
�QG�VWDJH�����FRXOG�EH�UHFRYHUHG�IURP�D�VLQJOH�
LQVHFW�� (YHU\� VSDFH�ZLWKLQ� WKH� H[RVNHOHWRQ�
LQFOXGLQJ�WKH�VSDFH�ZLWKLQ�WKH�OHJV�ZDV�IRXQG�
WR�FRQWDLQ�HQF\VWHG�ODUYDH��7KH�¿UVW�DQG�VHFRQG�
VWDJH� ODUYDH�PHDVXUHG� DQ� DYHUDJH� ���� DQG�
�������UHVSHFWLYHO\��7KH�HQF\VWHG�ODUYDH�ZHUH�
DOPRVW�FLUFXODU�ZLWK�D�GLDPHWHU�RI���������7KH�
F\VWV�ZHUH�WKLQ�ZDOOHG�DQG�WUDQVSDUHQW��)LJ�����
7KH�ZDOO�DSSDUHQWO\�RI�ORRVH�FRQQHFWLYH�WLVVXH�
FRQVLVWHG� RI� D� JHODWLQRXV�PDWUL[� DQG� D� IHZ�
VFDWWHUHG�FHOOV��7KH�ZDOO�ZDV�ULFKO\�WUDFKHDWHG��
VKRZLQJ� WKDW� WKH� F\VW� ZDV� IRUPHG� E\� WKH�
FRFNURDFK� DQG� QRW� VHFUHWHG� E\� WKH� SDUDVLWH�
�6FKZDEH���������7KHUH�ZHUH�DOVR�IUHHO\�PRYLQJ�
WKLUG�VWDJH�ODUYDH�LQ�WKH�ERG\�FDYLW\�DQG�WKH\�
PHDVXUHG� ���� WR� ����PP� LQ� OHQJWK� DQG� KDG�
D�PD[LPXP�ZLGWK� RI� ���� �� �)LJ�� ���� 6LPLODU�
REVHUYDWLRQV�KDYH�EHHQ�UHSRUWHG�E\�6FKZDEH�
LQ�+DZDLL���

)LJ����$GXOW�ZRUPV�XQGHU�WKH�QLFWLWDWLQJ�
PHPEUDQH

)LJ����3RVWHULRU�HQG�RI�PDOH�2[\VSLUXUD�VS�

)LJ����1\PSK�DQG�DGXOW�RI�6XULQDP�
FRFNURDFKHV��3\FQRVFHOXV�VXULQDPHQVLV�

)LJ����(QF\VWHG�/��GLVVHFWHG�RXW�IURP�DGXOW�
FRFNURDFK

)LJ����7KLUG�VWDJH�ODUYD�UHFRYHUHG�IURP�
FRFNURDFK
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7UHDWPHQW
7ZR�GURSV�RI����,YHUPHFWLQ�VROXWLRQ�ZDV�

LQVWLOOHG�LQWR�WKH�H\HV�RI�WKH�FKLFNV�LQLWLDOO\��6LQFH�
VDWLVIDFWRU\�LPSURYHPHQW�RI�WKH�FRQGLWLRQ�ZDV�
QRW�QRWLFHG�HYHQ�DIWHU�¿YH�GD\V��/HPDVROH�LQM��
����PJ�PO��ZDV�LQVWLOOHG�#�WZR�GURSV�SHU�ELUG��
$ORQJ�ZLWK�WKLV��WKH\�ZHUH�DOVR�DGPLQLVWHUHG�����
PJ�/HYDPLVROH�+&O�WDE�GLVVROYHG�LQ���PO�ZDWHU��
JLYHQ�HTXDOO\�DPRQJ�WKH�HOHYHQ�DIÀLFWHG�FKLFNV��
7KH� FRQGLWLRQ� RI� WKH� ELUGV� LPSURYHG�ZLWKLQ�
���K� DQG� VXEVHTXHQWO\� SHUIHFW� UHFRYHU\�ZDV�
REWDLQHG��7KH�RZQHU�ZDV�DGYLVHG� WR� UHPRYH�
DQG�EXU\�WKH�PDQXUH�FROOHFWHG�XQGHUQHDWK�WKH�
FDJHV��7KLV�ZDV�WR�SUHYHQW�DFFHVV�RI�YHFWRUV�WR�
ELUGV�DQG�DOVR�WR�UHGXFH�WKH�JURXQG�IRU�EUHHGLQJ�
IRU�WKH�FRFNURDFKHV��

6SLUXULG� LQIHFWLRQV� DUH� FRPPRQ� LQ�
EDFN\DUG�SRXOWU\�WKDW�KDYH�DFFHVV�WR�GLIIHUHQW�
YHFWRUV��$IWHU� WKH� LQWURGXFWLRQ� RI� ODUJH� VFDOH�
FRPPHUFLDO�SRXOWU\�IDUPLQJ�LQ�WKH�VWDWH��WKHVH�
LQIHFWLRQV� KDYH� GHFOLQHG� GUDVWLFDOO\� LQ� WKH�
GRPHVWLF�ÀRFN�IRU�WKH�ODVW�VHYHUDO�GHFDGHV��1RZ�

WKDW�PDQ\�*RYHUQPHQW� DJHQFLHV� KDYH� FRPH�
IRUZDUG�WR�HQFRXUDJH�EDFN\DUG�SRXOWU\�UHDULQJ�
LQ�.HUDOD� VWDWH�� DQ� LQFUHDVH� LQ� WKH� LQFLGHQFH�
RI� VSLUXULG� LQIHFWLRQV� LV� RXJKW� WR� KDSSHQ��
.QRZOHGJH�RI�WKHVH�LQIHFWLRQV�DQG�WKHLU�YHFWRUV�
ZLOO�DLG�LQ�HDUO\�GLDJQRVLV�DQG�DGRSWLRQ�RI�SURSHU�
FRQWURO�PHDVXUHV�
5HIHUHQFHV
/XF\�6DEX��.��'HYDGD��DQG�5��6UHHNULVKQDQ��

������ 6LQJOH� VWHS� SURFHVVLQJ� RI�
QHPDWRGHV� LQ� )$$/� VROXWLRQ��-��9HW��
3DUDVLWRO������������

6FKZDEH��&�:�� ������6WXGLHV� RQ�2[\VSLUXUD�
PDQVRQL�� WKH� WURSLFDO� H\H� ZRUP� RI�
SRXOWU\�� ,,�� /LIH�KLVWRU\��3DFL¿F�6FL�����
������

7D\ORU��0�$���&RRS��5�/��DQG�:DOO��5�/��������
9HWHULQDU\� 3DUDVLWRORJ\�� �UG� HG��
%ODFNZHOO�3XEOLVKLQJ�/WG��8.��S�����

�


