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$9,$1�,1)/8(1=$��$�&217,18,1*�7+5($7
5LFKD�6RRG�DQG�.K��9LFWRULD�&KDQX
,&$5�1DWLRQDO�,QVWLWXWH�RI�
+LJK�6HFXULW\�$QLPDO�'LVHDVHV��
$QDQGQDJDU��%KRSDO��������5HFHLYHG�����������

$FFHSWHG�����������

$YLDQ� LQÀXHQ]D� FRPPRQO\� NQRZQ� DV�
ELUG�ÀX�LV�D�YLUDO�GLVHDVH�FDXVHG�E\�,QÀXHQ]D�
$YLUXVHV� RI�2UWKRP\[RYLULGDH� IDPLO\�/DPE�
DQG�.UXJ��������,W�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�
GLVHDVHV� RI� SRXOWU\� WKDW� QHJDWLYHO\� LPSDFWV�
SRXOWU\�KHDOWK�DQG�LQWHUQDWLRQDO�WUDGH�RI�SRXOWU\�
DQG�SRXOWU\�SURGXFWV�0DQ\�VSHFLHV�RI�ELUGV�DUH�
VXVFHSWLEOH� WR� ,QÀXHQ]D$�YLUXV�� DTXDWLF� ELUGV�
EHLQJ�WKH�PDMRU�UHVHUYRLU�RI�WKH�YLUXV�,QÀXHQ]D�$�
YLUXVHV�LQIHFWLQJ�SRXOWU\�DUH�IXUWKHU�FODVVL¿HG�DV�
KLJKO\�SDWKRJHQLF�DYLDQ�LQÀXHQ]D��+3$,��RU�ORZ�
SDWKRJHQLF� DYLDQ� LQÀXHQ]D� �/3$,�� GHSHQGLQJ�
RQ� WKHLU� DELOLW\� WR� FDXVH�GLVHDVH� LQ� FKLFNHQV��
7KH�+3$,�FDXVHV�PRUWDOLW\�DV�KLJK�DV������LQ�
SRXOWU\�VSHFLHV��7KH�GLVHDVH�FRXUVH�YDULHV�DV�
VHHQ�LQ�+3$,�DV�VXGGHQ�GHDWK�ZLWK�VRPHWLPHV�
QR�FOLQLFDO�VLJQV� WR�D�PRUH�FKDUDFWHULVWLF�RQH�
ZLWK�YDULDEOH�FOLQLFDO�SUHVHQWDWLRQV�GHSHQGLQJ�
RQ�WKH�VSHFLHV��DJH�RI�WKH�KRVW�DQG�YLUDO�VWUDLQ�
LQYROYHG�� ,Q� /3$,� LQIHFWLRQ� WKH� GLVHDVH�PD\�
EH� VHHQ� DV� GURS� LQ� HJJ� SURGXFWLRQ� WR�PLOG�
UHVSLUDWRU\� V\PSWRPV��9LUXVHV�RI�+��DQG�+��
VXEW\SHV�KDYH�EHHQ�VKRZQ�WR�FDXVH�+3$,� LQ�
VXVFHSWLEOH� VSHFLHV�� KRZHYHU� QRW� DOO�+��DQG�
+��YLUXVHV�DUH�KLJKO\�SDWKRJHQLF��3HLULVHW�DO��
������7KH�LQÀXHQ]D�YLUXV�LV�FRQWLQXDOO\�HYROYLQJ�
DQG�XQGHU�LPPXQH�SUHVVXUH��LW�PD\�HLWKHU�HYROYH�
WKURXJK� VPDOO� JUDGXDO� FKDQJHV� LQ� WKH� YLUXV�
�DQWLJHQLF�GULIW��RU�WKURXJK�DEUXSW�PDMRU�FKDQJHV�
LQ� WKH� YLUXV� �DQWLJHQLF� VKLIW��PRVW� IUHTXHQWO\�
E\�JHQHWLF�UHDVVRUWPHQWV��&'&���������6XFK�
FKDQJHV�FDQ� UHVXOW� LQ� WKH�HPHUJHQFH�RI�QHZ�
LQÀXHQ]D� YLUXVHV� WKDW� FDQ� FDXVH� SDQGHPLFV�
�&'&�� ������([WHQVLYH� UHVHDUFK� RQ� DYLDQ�
LQÀXHQ]D�KDV� UHYHDOHG�PDQ\� IDFWV� DERXW� WKH�
GLVHDVH�DQG�LWV�FDXVDO�DJHQW�DQG�LWV�WKRURXJK�
XQGHUVWDQGLQJ� ZRXOG� KHOS� LQ� D� SDQGHPLF�
SUHSDUHGQHVV�� 7KH� SUHVHQW� UHYLHZ� EULHIO\�
GHVFULEHV� WKH�GLVHDVH�DQG� LWV�VWDWXV� LQ� ,QGLD�

+LVWRULFDO�EDFNJURXQG
+LJKO\� SDWKRJHQLF� DYLDQ� LQIOXHQ]D� LQ�

FKLFNHQ�ZDV� ¿UVW� GHVFULEHG� E\�3HUURFLQWR� LQ�
������WKRXJK�LW�LV�EHOLHYHG�WKDW�SULRU�RXWEUHDNV�
GXH�WR�+3$,�YLUXV�PLJKW�KDYH�RFFXUUHG�LQ�,WDO\�DQG�
(XURSHDQ�FRXQWULHV��7KH�GLVHDVH�ZDV�WHUPHG�
µµIRZO�SODJXH¶¶�DQG�ZDVFRQIXVHG�ZLWK�WKH�DFXWH�
VHSWLFHPLF�IRUP�RI�IRZO�FKROHUD��3HUURQFLQWR��HW�
DO���������7KH�FDXVDWLYH�DJHQW�ZDV�LGHQWL¿HG�DV�
YLUXV�LQ�WKH�\HDU������DQG�DV�W\SH�$�LQÀXHQ]D�
YLUXV�LQ�������&HQWDQQL�DQG�6DYXQR]]L��������
6FKDIHU���������0DMRU�RXWEUHDN�RI�+3$,�RFFXUV�
GXULQJ������WR�����V�ZLWK�D�KXPDQ�SDQGHPLF�LQ�
������7DXEHQEHUJHU�DQG�0RUHQV��������EXW�WKH�
¿UVW�FRQ¿UPHG�RXWEUHDN�RI�+3$,�ZDV�UHSRUWHG�
LQ�6FRWODQG� LQ������ �%HFNHU�DQG�8\V���������
/DWHU��WKURXJK�LQWHQVLYH�VXUYHLOODQFH�LW�KDV�EHHQ�
UHFRJQLVHG�WKDW�ZLOG�ELUGV�KDUERXU�DOO�LGHQWL¿HG�
VXEW\SHV�RI�LQÀXHQ]D�YLUXV��'DVHQ�DQG�/DYHU��
������ (DVWHUGD\HW� DO��� ������ =DNVWHO¶VNDMDHW�
DO��� ������� 7KLV� KDV� OHG� WR� D� FKDQJH� LQ� WKH�
FODVVL¿FDWLRQ�RI� YLUXVHV��(DUOLHU�� FODVVL¿FDWLRQ�
RI�LQÀXHQ]D�YLUXVHV�ZHUH�EDVHG�RQ�WKH�VSHFLHV�
RI� RULJLQ� DQG� WKH� DQWLJHQLF� SURSHUWLHV� RIWKH�
QXFOHRSURWHLQ� IRU� W\SLQJ� DQG� KDHPDJJOXWLQLQ�
�+$�� DQG� QHXUDPLQLGDVH� �1$�� SURWHLQV� IRU�
VXEW\SLQJ�ZKLFK�KDV�EHHQ�PRGL¿HG�WR�D�XQL¿HG�
V\VWHP�RI�FODVVL¿FDWLRQ�UHJDUGOHVV�RI�VSHFLHV�
RI�RULJLQ��:+2���������������,Q�WKH�\HDU������
WKHUH�ZDV� WKH� ¿UVW� LQWHUQDWLRQDO� V\PSRVLXP�
RQ� DYLDQ� LQIOXHQ]D� ZKHUH� WKH� QDPH� KLJKO\�
SDWKRJHQLF� DYLDQ� LQÀXHQ]D�ZDV� SURSRVHG� WR�
VXEVWLWXWH�IRZO�SODJXH��6LQFH������PDQ\�$VLDQ�
FRXQWULHV� KDYH� UHSRUWHG� RXWEUHDNV� RI� +3$,�
+�1�� YLUXV� DQG� LW� EHFDPH� HQGHPLF� LQ�$VLD�
�/XSLDQL�DQG�5HGG\��������
(WLRORJLFDO�DJHQW

7KH�RUWKRP\[RYLULGDH�IDPLO\�FRQWDLQV�¿YH�
JHQHUD�FODVVL¿HG�E\�YDULDWLRQV�LQ�QXFOHRSURWHLQ�
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� $YLDQ�,QÀXHQ]D��$�&RQWLQXLQJ�7KUHDW

�13�DQG�0��DQWLJHQV��,QÀXHQ]D�YLUXV�$��,QÀXHQ]D�
YLUXV�%�� ,QÀXHQ]D� YLUXV�&��7KRJRWRYLUXV� DQG�
,VDYLUXV� �6ZD\QH� DQG� +DOYRUVRQ�� ������
$OH[DQGHU�� ������&ODVVL¿FDWLRQ� RI� ,QÀXHQ]D�
YLUXV�W\SHV�DUH�PDGH�RQ�WKH�EDVLV�RI�DQWLJHQLF�
SURSHUWLHV� RI� QXFOHRSURWHLQ� �13�� DQG�PDWUL[�
�0��SURWHLQV��&R[�HW�DO���������/DPE�DQG�.UXJ��
�������7\SH�$� LQÀXHQ]D� YLUXVHV�KDYH�D�ZLGH�
KRVW�UDQJH�LQFOXGLQJ�ELUGV�DQG�PDPPDOV��7\SH�
%�YLUXVHV�DIIHFW� KXPDQ�EHLQJV�RQO\�ZKHUHDV�
W\SH�&�YLUXVHV�DIIHFW�KXPDQ�EHLQJV�DQG�SLJV��
,VDYLUXVHV� LQIHFW� ILVK� ZKLOH� 7KRJRWRYLUXVHV�
DUH� WLFN�ERUQ� DUERYLUXVHV� LQIHFWLQJ� OLYHVWRFN�
DQG� KXPDQV� �.DZDRNDHW� DO��� ������� 2XW�
RI� WKH� WKUHH� LQIOXHQ]D� W\SHV� RQO\� ,QIOXHQ]D�
$� YLUXVHV� DUH� NQRZQ� WR� LQIHFW� ELUGV� �2,(��
������� ,QÀXHQ]D�$�YLUXVHV�H[KLELW�D�YDULHW\�RI�
VKDSHV�DQG�VL]HV��UDQJLQJ�IURP�IDLUO\�VSKHULFDO�
SDUWLFOHV�RI��������QP�LQ�GLDPHWHU�WR�HORQJDWHG�
ILODPHQWRXV� IRUPV� GHSHQGLQJ� RQ� WKH� YLUXV�
VWUDLQ�DQG�SDVVDJH�KLVWRU\��&R[�HW�DO����������
7KH� YLULRQ� LV� HQYHORSHG�ZLWK� WZR� SURPLQHQW�
VXUIDFH� JO\FRSURWHLQV�� URG�VKDSHG� WULPHUV� RI�
KDHPDJJOXWLQLQ� �+$�� DQG�PXVKURRP�VKDSHG�
WHWUDPHUV�RI�QHXUDPLQLGDVH��1$���3DGKLHW�DO��
�������%RWK�+$�DQG�1$�DUH�PDMRU�GHWHUPLQDQW�
RI�D�SURWHFWLYH�LPPXQH�UHVSRQVH��,QÀXHQ]D�$
YLUXVHV�DUH�IXUWKHU�VXEW\SHG�EDVHG�RQ�DQWLJHQLF�
SURSHUWLHV�RI�+$�DQG�1$��7KHUH�DUH�D�WRWDO�RI�
NQRZQ����+$�DQG����1$�VHURORJLFDOO\�GLVWLQFW�
LQÀXHQ]D�YLUXV�VXEW\SHV�DQG�DQ\�FRPELQDWLRQ�
RI�+$�DQG�1$�LV�SRVVLEOH��7RQJ�HW�DO���������2I�
WKHVH����+$�VXEW\SHV�� WZR�VXEW\SHV�+��DQG�
+�� LQIHFW� HTXLQHV�� VL[� VXEW\SHV�+���+���+���
+���+��DQG�+��LQIHFW�KXPDQV�DQG�¿YH�VXEW\SHV�
+���+���+���+��DQG�+��LQIHFW�SLJV��7KH�ODWHVW�
LQWURGXFWLRQV�RI�+������KDYH�EHHQ�LGHQWL¿HG�LQ�
EDWV��2I� WKH����1$�VXEW\SHV��1���1��DQG�1��
VXEW\SHV��LQFOXGLQJ�D�XQLTXH�+�1��UHDVVRUWDQW��
KDG�EHHQ�LVRODWHG�IURP�SLJV�LQ�QDWXUH�DQG�IRXU�
1$�VXEW\SHV�1���1���1��DQG�1��ZHUH�LVRODWHG�
IURP�KXPDQV��7RQJ�HW�DO���������%URZQ�HW�DO��
������)RXFKLHUHW�DO��������7KH�YLUDO�JHQRPH�LV�D�
VLQJOH�VWUDQGHG�VHJPHQWHG�QHJDWLYH�VHQVH�51$�
PROHFXOH�FRQWDLQHG�ZLWKLQ� WKH�YLUDO�HQYHORSH��
(DFK�RI�WKH�HLJKW�VHJPHQWV�RI�WKH�JHQH�FRGHV�
IRU����GLIIHUHQW�SURWHLQV�YL]��3%���3%���3$��+$��
13��1$��0���0���16��DQG�1(3� �.UXJ�HW�DO��
�������$� UHFHQW�DGGLWLRQ�RI�SURWHLQ� LV�3%��)��
HQFRGHG�E\�WKH����RSHQ�UHDGLQJ�IUDPH��25)��
RI�3%���%RXYLHU�DQG�3DOHVH���������7KH�JHQRPH�
LV� LQ� WLJKW� DVVRFLDWLRQ�ZLWK� WKH�13�DQG� WKUHH�
SRO\PHUDVH�SURWHLQV��3%���3%��DQG�3$��IRUPLQJ�
ULERQXFOHRSURWHLQ� �513�� FRPSOH[��7KH�513�

FRPSOH[�LV�WKH�EDVLF�IXQFWLRQDO�XQLW�RI�UHSOLFDWLRQ�
DQG�LV�UHVSRQVLEOH�IRU�WUDQVFULELQJ�PHVVHQJHU�
51$V��P51$V���V\QWKHVL]LQJ�FRPSOHPHQWDU\�
51$V��F51$V��ZKLFK�DUH�IXUWKHU�WUDQVFULEHG�LQWR�
YLUDO�51$V�DQG�¿QDOO\�DVVHPEOHG�LQWR�SURJHQ\�
YLUXVHV��7KH�PDWUL[� SURWHLQ� �0����ZKLFK� OLHV�
LQVLGH�WKH�OLSLG�HQYHORSH��LV�DVVRFLDWHG�ZLWK�ERWK�
WKH�513�DQG�WKH�YLUDO�HQYHORSH��7KH�0��SURWHLQ�
SOD\V� D� IXQGDPHQWDO� UROH� LQ� YLUXV� DVVHPEO\��
7KH�16��SURWHLQ�� DOVR� NQRZQ�DV� WKH� QXFOHDU�
H[SRUW�SURWHLQ��1(3���ZDVHDUOLHU�WKRXJKW�WR�EH�
D�QRQ�VWUXFWXUDO�SURWHLQ��EXW�LV�SUHVHQW�LQ�VPDOO�
DPRXQWV� LQ� WKH�YLULRQV� LQ�DVVRFLDWLRQ�ZLWK� WKH�
513�WKURXJK�LQWHUDFWLRQ�ZLWK�WKH0��SURWHLQ��7KH�
16��IXQFWLRQV�WR�PHGLDWH�WKH�H[SRUW�RI�QHZO\�
V\QWKHVL]HG�513VIURP�WKH�QXFOHXV��/HH�HW�DO��
������$PRQJ�WKH�YLUDO�SURWHLQV�HQFRGHG��RQO\�
16��LV�WUXO\�QRQ�VWUXFWXUDO�SURWHLQ�ZLWK�QXPHURXV�
IXQFWLRQV� �.UXJ�HW� DO��� ������� 7KH�16�� LV� D�
UHJXODWRU�RI�ERWK�P51$�VSOLFLQJ�DQG�WUDQVODWLRQ��
DQG� DOVR� SOD\V� D� FULWLFDO� UROH� LQ� FRPSHWLQJ�
DJDLQVW�WKH�FHOO¶V�DQWLYLUDO�GHIHQFH�DQG�LV�WKXV�
GLUHFWO\� UHODWHG� WR� WKH� SDWKRJHQLFLW\� RI� WKH�
LQÀXHQ]D�VWUDLQ�3DOHVH���������7KH�VFKHPDWLF�
UHSUHVHQWDWLRQ�RI�WKH�YLUXV�LV�SUHVHQWHG�
3DWKRJHQLFLW\

$YLDQ� LQIOXHQ]D� KDV� EHHQ� FXUUHQWO\�
GH¿QHG�E\�2,(�7HUUHVWULDO�$QLPDO�+HDOWK�&RGH�
DV� DQ� LQIHFWLRQ� LQ� SRXOWU\� E\� DQ\� LQIOXHQ]D�
YLUXV�HLWKHU�KLJKO\�SDWKRJHQLF�,QÀXHQ]D�$�YLUXV�
�+3$,��DQG�ORZ�SDWKRJHQLF�+��DQG�+��VXEW\SHV�
�+��+�� /3$,��� 7LOO� GDWH�� QDWXUDOO\� RFFXUULQJ�
KLJKO\� SDWKRJHQLF� DYLDQ� LQÀXHQ]D�KDYH�EHHQ�
DVVRFLDWHG�ZLWK�+��DQG�+��VXEW\SHV��7KRXJK�
PRVW�YLUXVHV�RI� WKH�+��DQG�+��VXEW\SH�KDYH�
EHHQ�RI� ORZ�SDWKRJHQLFLW\� IRU�SRXOWU\�� WKHUH� LV�
DOZD\V� D� ULVN� RI� EHFRPLQJ�KLJKO\� SDWKRJHQLF�
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E\�PXWDWLRQ��2,(���������7KH�GLVHDVH�FRXUVH�
RI� DYLDQ� LQIOXHQ]D� LQ� SRXOWU\� UDQJHV� IURP�
DV\PSWRPDWLF� WR� IDWDO� FDVHV� �6ZD\QH� DQG�
+DOYRUVRQ���������,QFXEDWLRQ�SHULRG�LV�JHQHUDOO\�
VKRUW�YDU\LQJ�IURP�IHZ�KRXUV�WR�ZHHNV�LQ�SRXOWU\�
�%HDUG��������7\SLFDO� VLJQV� LQ�+3$,� LQIHFWLRQ�
LQFOXGH�UXIÀHG�IHDWKHUV��UHVSLUDWRU\�VLJQV��UDOHV��
H[FHVVLYH� ODFULPDWLRQ�� VLQXVLWLV�� F\DQRVLV� RI�
XQIHDWKHUHG�VNLQ��ZDWWOHV�DQG�FRPEV��HGHPD�RI�
KHDG�DQG�IDFH��VZHOOLQJ�RI�LQIUDRUELWDO�VLQXVHV��
GHFUHDVHG�HJJ�SURGXFWLRQ�DQGLQ�FRRUGLQDWLRQ��
3ULPDU\� GLIIHUHQFH� EHWZHHQ� ORZ� SDWKRJHQLF�
�/3$,�� DQG�KLJKO\� SDWKRJHQLF� DYLDQ� LQÀXHQ]D�
YLUXV�LV�LQ�WKH�FOHDYDJH�VLWH�RI�+$�SURWHLQ��3RVW�
WUDQVODWLRQDO� FOHDYDJH� RI�+$�PROHFXOHV� LQWR�
+$��DQG�+$��VXEXQLWV�LV�D�PDMRU�GHWHUPLQDQW�
LQ� WKH�VSUHDG�RI� LQIHFWLRQ�� WLVVXH� WURSLVP�DQG�
SDWKRJHQLFLW\� �:HEVWHU� DQG�5RWW�� �������+$�
RI� /3$,� YLUXVHV�DUH� FOHDYHG�H[WHUQDOO\�ZKHUH�
DSSURSULDWH�H[WUDFHOOXODU�SURWHDVHV�DUH�SUHVHQW�
OHDGLQJ�WR�D�ORFDOL]HG�DQG�OHVV�VHYHUH�LQIHFWLRQV��
+$�RI�+3$,�JHWV�FOHDYHG� LQWUDFHOOXODUO\� LQ� WKH�
*ROJL� DSSDUDWXV� E\� XELTXLWRXV� VXEWLOLVLQ� OLNH�
SURWHDVHV��7KXV�+3$,� YLUXVHV� FDQ� UHSOLFDWH�
LQ� D�ZLGHU� UDQJH�RI� KRVW� WLVVXHV� OHDGLQJ� WR� D�
IDWDO� V\VWHPLF� GLVHDVH� LQ� SRXOWU\� �+RULPRWRHW�
DO���������
+RVW�UDQJH�DQG�WUDQVPLVVLRQ

$YLDQ� LQÀXHQ]D�YLUXVHV�DUH�GLVWULEXWHG�
JOREDOO\�ZLWKRXW�DQ\�JHRJUDSKLFDO� ERXQGDULHV�
DQG� WKH� LQIHFWLRQ� ZLWK�$,� YLUXVHV� KDV� EHHQ�
GHWHFWHG�LQ�VHYHQWHHQ�WD[RQRPLF�RUGHUV�RI�ELUGV�
DFURVV� DOO� WKH� VHYHQ� FRQWLQHQWV� �$EXEDNDUHW�
DO����������$OWKRXJK�LW�LV�EDVLFDOO\�D�GLVHDVH�RI�
ELUGV��$OH[DQGHU��������3HUNLQV�DQG�6ZD\QH��
������ YLUXVHV� KDYH� EHHQ� VKRZQ� WR� LQIHFW�
KXPDQV��SLJV��KRUVHV��PLQN��PDULQH�PDPPDOV�
�.DZDNRDHW� DO��������:HEVWHU�HW� DO��� ������
WLJHU��GRJV��HDJOHV��.UDZIRUGHW�DO���������FDWV�
�.XLNHQHW�DO��������IHUUHWV��PLFH��KDPVWHU�DQG�
PDFDTXHV��7KLU\HW�DO����������,W�LQIHFWV�D�YDULHW\�
RI�ELUGV� LQFOXGLQJ�GRPHVWLF�SRXOWU\�� IUHH�OLYLQJ�
DQG�FDSWLYH�ELUGV��,QÀXHQ]D�YLUXV�LQIHFWLYLW\� LV�
SULPDULO\� LQÀXHQFHG�E\� WKH� W\SH�RI� OLQNDJH� WR�
JDODFWRVH�RQ�WKH�KRVW�FHOO�VXUIDFH��6NHKHODQG�
:LOH\�������$OO�$,�YLUXVHV��ZLWK�WKH�H[FHSWLRQ�RI�
VRPH�YLUXVHV�RI�WKH�+�1��DQG�+�1��VXEW\SH�
�<DPDGD�HW�DO����������SRVVHVV�+$V�ZLWK�KLJK�
DI¿QLW\� IRU� VLDOLF� DFLGV� DWWDFKHG� WR� JDODFWRVH�
VXJDUV�LQ�WKH�Į����OLQNDJH��,Q�FRQWUDVW��KXPDQ�
LQÀXHQ]D�YLUXVHV�KDYH�+$V�ZKLFK�SUHIHUHQWLDOO\�
ELQG�WR�VLDOLF�DFLG�DWWDFKHG�WR�VXJDUV�LQ�WKH�Į�

����OLQNDJH��7KXV�� WKH� DGDSWLYH�PXWDWLRQV� LQ�
WKHLU�+$V��ZKLFK� UHVXOW� LQ�SUHIHUHQWLDO�ELQGLQJ�
IURP�WKH�Į������WR�WKH�Į������OLQNDJH��LV�FUXFLDO�
IRU� HQDEOLQJ� WKH� VZLWFK� IURP�ELUGV� WR� KXPDQ�
LQIHFWLRQ� �0DWURVRYLFKHW� DO��� ������7KHUH� DUH�
UHSRUWV�RI�LQÀXHQ]D�YLUXV�LVRODWLRQ�IURP�����ZLOG�
ELUG�VSHFLHV�RI����IDPLOLHV��2OVHQ�HW�DO����������
7KH� YLUXV� FDQ� VXUYLYH� ORQJHU� LQ� FROG�ZHDWKHU�
EXW� IRUWXQDWHO\� WKHUH� LV� QR� HYLGHQFH� RI� YLUXV�
VXUYLYDELOLW\�LQ�ZHOO�FRRNHG�PHDW��,Q�VRLO��ZDWHU�RU�
FRQWDPLQDWHG�HTXLSPHQWV��$,�YLUXV�FDQ�UHPDLQ�
IRU�ZHHNV�WR�PRQWKV�GHSHQGLQJ�RQ�WHPSHUDWXUH�
DQG�KXPLGLW\� �+RULPRWR�DQG�.DZDRND�������
7UDQVPLVVLRQ�RI� LQÀXHQ]D�YLUXV�EHWZHHQ�SLJV�
DQG� KXPDQV� DQG� FKLFNHQ� DQG� KXPDQV� KDYH�
EHHQ�GHPRQVWUDWHG�EXW�QRW�EHWZHHQ�ZLOG�ELUGV�
DQG�KXPDQV�7KHUH�DUH�UHSRUWV�RQ�WUDQVPLVVLRQ�
RI�+�1��WR�WLJHUV��OHRSDUGV�DQG�FDWV�ZKHQ�IHG�
ZLWK�XQFRRNHG�LQIHFWHG�GRPHVWLF�IRZO��.QREOHUHW�
DO��� �������7KH�PHFKDQLVP�E\�ZKLFK� ELUG� WR�
ELUG� WUDQVPLVVLRQ�RFFXUV�GHSHQGV�RQ� YDULRXV�
IDFWRUV� OLNH� VWUDLQ� RI� YLUXV�� VSHFLHV� RI� ELUG�
HQYLURQPHQW�DQG� LV�H[WUHPHO\�FRPSOH[��+3$,�
WHQG� WR� VKRZ�SRRUHU� WUDQVPLVVLRQ� WKDQ� /3$,�
RZLQJ�WR�OLWWOH�YLUXV�H[FUHWLRQ�GXH�WR�H[WUHPHO\�
UDSLG�GHDWKV�LQ�LQIHFWHG�ELUGV��$OH[DQGHU���������
)DHFDO�PDWHULDOV� IURP� LQIHFWHG� ELUGV� GLUHFWO\�
FRQWDPLQDWH� VRLO��ZDWHU� OHDGLQJ� WR� IDHFDO�RUDO�
URXWH� RI� WUDQVPLVVLRQ� LQIHFWLQJ�PDQ\� DTXDWLF�
ELUGV��+RULPRWR�DQG�.DZDRND�������
3DQGHPLF�SRWHQWLDO�RI�+3$,�YLUXV

,QÀXHQ]D� YLUXVHV� RI� ELUGV� UDUHO\� LQIHFW�
KXPDQ� EHLQJV� EHFDXVH� RI� WKH� GLIIHUHQFH� LQ�
FHOO� UHFHSWRU� ELQGLQJ� UHTXLUHPHQWV� RI� WKH�+$�
PROHFXOH� ZKLFK� LV� GHWHUPLQHG� E\� GLIIHULQJ�
FRQIRUPDWLRQV� RI�1�DFHW\O� QHXUDPLQLF� DFLG�
UHVLGXHV�RQ� FHOO� VXUIDFHV� LQ� GLIIHUHQW� VSHFLHV�
�1DHYHHW�DO����������%XW�D� VLJQL¿FDQW� FKDQJH�
LQ� UHFHSWRU�SUHIHUHQFH�FDQ�RFFXU�HYHQ�ZLWK�D�
VLQJOH�DPLQR�DFLG�PXWDWLRQ�DW�WKH�+$�UHFHSWRU�
VLWH��+DUYH\�HWDO���������5DSLG�SRLQW�PXWDWLRQ�RI�
WKH�YLUXV��JHQH�UHFRPELQDWLRQ�EHWZHHQ�GLIIHUHQW�
YLUXV� VXEW\SHV� DQG� JHQHWLF� UHDVVRUWPHQW�
GLYHUVL¿HG�WKH�YLUXV�VXEW\SHV�DQG�LW�KDV�EHHQ�
UHSRUWHG� WKDW�+3$,� YLUXV� FLUFXODWLQJ� LQ�6RXWK�
(DVW�$VLD�KDYH�WKH�DELOLW\�WR�FURVV�WKH�VSHFLHV�
EDUULHU� IURP�ELUGV� WR� KXPDQV� FDXVLQJ� VHYHUH�
GLVHDVH�ZLWK�YHU\�KLJK�FDVH�IDWDOLW\�UDWH��6WRKU�
DQG�(VYHOG���������3LJV�DFW�DV�D�QDWXUDO�KRVW�RI�
DYLDQ�LQÀXHQ]DYLUXV�DQG�WKH�FDXVDWLYH�YLUXVHV�
IRU�VZLQH�LQÀXHQ]D�DUH�+�1���+�1��DQG�+�1��
VXEW\SHV��%URZQ��������ZKLFK�DUH�DQWLJHQLFDOO\�
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� $YLDQ�,QÀXHQ]D��$�&RQWLQXLQJ�7KUHDW

UHODWHG�WR�KXPDQ�DQG�DYLDQ�YLUXVHV��3LJV�KDYH�
UHFHSWRUV� LQ� WKHLU� UHVSLUDWRU\� WUDFW� WKDW� ELQG�
VZLQH�� KXPDQ�� DQG� DYLDQ� LQIOXHQ]D� YLUXVHV�
�,WR�HW�DO����������7KXV�SLJV�FDQ�DFW�DV�µPL[LQJ�
YHVVHOV¶�LQ�ZKLFK�JHQHWLF�UHDVVRUWPHQW�EHWZHHQ�
KXPDQ� DQG�RU� DYLDQ� DQG�RU� VZLQH� LQÀXHQ]D�
YLUXVHV�FDQ�RFFXU�DQG�OHDG�WR�WKH�JHQHUDWLRQ�RI�
QHZ�YLUXVHV��0D�HW�DO����������+3$,�VWUDLQV�OLNH�
+�1��SRVH�D�VHYHUH� WKUHDW� WR�KXPDQ�EHLQJV�
EHFDXVH� RI� KLJK� SDWKRJHQLFLW\��ZLWK�PRUWDOLW\�
UDWHV�LQ�KXPDQV�H[FHHGLQJ������%DKON\��������
7KH� VSUHDG� RI� DYLDQ� LQÀXHQ]D� YLUXVHV� IURP�
RQH� DIIHFWHG� LQGLYLGXDO� WR� DQRWKHU� KDV� EHHQ�
UHSRUWHG� YHU\� UDUHO\�� DQG� KDV� EHHQ� OLPLWHG��
LQHI¿FLHQW�DQG�XQVXVWDLQHG��&'&���������0RVW�
RI� WKH� KXPDQ� LQIHFWLRQ� KDYH� UHVXOWHG� IURP�
GLUHFW�RU�FORVH�FRQWDFW�ZLWK�LQIHFWHG�SRXOWU\�RU�
FRQWDPLQDWHG� VXUIDFHV� �.DOORQHW� DO����������
0DMRU� FRQFHUQ�DERXW�+3$,� LV� WKH�SRWHQWLDO� WR�
SRVVLEO\�FKDQJH�LQWR�D�IRUP�RI�WKH�YLUXV�WKDW�LV�
DEOH� WR� VSUHDG�HDVLO\� IURP�SHUVRQ� WR� SHUVRQ��
$YLDQ� ,QÀXHQ]D� YLUXVHV�ZLWK� D� KHPDJJOXWLQLQ�
DJDLQVW�ZKLFK�KXPDQV�KDYH�OLWWOH�RU�QR�LPPXQLW\�
WKDW� KDYH� UHDVVRUWHG�ZLWK� D� KXPDQ� LQÀXHQ]D�
YLUXV� DUH�PRUH� OLNHO\� WR� UHVXOW� LQ� VXVWDLQHG�
KXPDQ�WR�KXPDQ� WUDQVPLVVLRQ� DQG� SRVH� D�
PDMRU�SXEOLF�KHDOWK�WKUHDW�RI�SDQGHPLF�LQÀXHQ]D�
�7DXEHQEHUJHU� DQG� 0RUUHQV�� ������1RYHO�
LQIOXHQ]D� VXEW\SHV� LQFOXGLQJ� +�1��� +�1���
+�1���+�1��DQG�+��1��DUH�DOVR�IRXQG�WR�KDYH�
WKH�SRWHQWLDO�WR�LQIHFW�KXPDQV��:DWDQDEH�HW�DO���
�������*HQHWLF�FKDQJHV�LQ�DYLDQ�LQÀXHQ]D�YLUXV�
KDPSHU� WUHDWPHQW�� SUHYHQWLRQ� DQG� FRQWURO� RI�
WKH�GLVHDVH��*DYLQ�DQG�7KRPVRQ���������,W� LV�
FXUUHQWO\�LPSRVVLEOH�WR�SUHGLFW�ZKLFK�LQÀXHQ]D�
YLUXV�ZLOO�FDXVH�WKH�QH[W�HSLGHPLF�RU�SDQGHPLF��
WKH�SDWKRJHQLF�SRWHQWLDO�RI� WKHVH�YLUXVHV�FDQ�
EH�DQWLFLSDWHG�PRUH�SUHFLVHO\�ZLWK� FRQWLQXHG�
UHVHDUFK� DQG� GHYHORSPHQW� LQ� VXUYHLOODQFH��
GLDJQRVWLFV�DQG�JHQRPLF�VWXGLHV�RI�WKH�YLUXV�DQG�
LWV�NH\�KRVWV��6DORPRQ�DQG�:HEVWHU��������
,QGLDQ�VFHQDULR

'LDJQRVLV� DQG� VXUYHLOODQFH� RQ� +3$,�
VWDUWHG� LQ� WKH� \HDU� ����� DW� ,&$5�1DWLRQDO�
,QVWLWXWH� RI� +LJK� 6HFXULW\�$QLPDO� 'LVHDVHV��
%KRSDO�� ,Q� ,QGLD�� RQO\� ORZ� SDWKRJHQLF�+�1��
FRXOG� EH� LVRODWHG� WLOO� WKH� \HDU� ������ )LUVW�
+�1��ZDV�LVRODWHG�IURP�+DU\DQD�DQG�3XQMDE�
LQ� WKH� \HDU� ����� �1DJDUDMDQHW� DO��� �������
+3$,�+�1��VWUDLQ� LQ�SRXOWU\�ZDV�¿UVW� LVRODWHG�
IURP1DYDSXU�VXE�GLVWULFW�RI�1DQGXUEDU�GLVWULFW�
RI�0DKDUDVKWUD� LQ� WKH� \HDU� ����� �3DWWQDLNHW�

DO��� ������� ,W� ZDV� LGHQWL¿HG� E\� SK\ORJHQHWLF�
DQDO\VLV�WKDW�WKH�YLUXVHV�LVRODWHG�ZHUH�JURXSHG�
ZLWK�+�1��YLUXVHV�IURP�&KLQD��7KH�YLUXVPLJKW�
KDYH�VSUHDG�WKURXJK�PLJUDWRU\�ZDWHUIRZOVWKDW�
VXUYLYHG� WKH� +3$,� +�1�� LQIHFWLRQ�� 7KHVH�
YLUXVHVZHUH�DEOH�WR�UHSOLFDWH�LQ�FXOWXUHG�FHOOV�RI�
DYLDQDQG�PDPPDOLDQ�KRVWV�DQG�SRVVHV�O\VLQH�
DW�SRVLWLRQ����RI�WKH�3%��SURWHLQ��LQGLFDWLQJ�WKDW�
WKH\�PLJKW�EHDEOH�WR�FURVV�WKH�KRVW�EDUULHU�WR�
LQIHFW�PDPPDOV��,Q�WKH�VXEVHTXHQW�\HDUV�PDQ\�
RXWEUHDNV� GXH� WR�+�1�� KDYH� EHHQ� UHSRUWHG�
IURP�GLIIHUHQW�VWDWHV��7KLV�LQFOXGHV�0DQLSXU�LQ�
������:HVW�%HQJDO�DQG�7ULSXUD�LQ�������$VVDP��
6LNNLP�DQG�:HVW�%HQJDO�������������7RVK�HW�
DO���������0XUXJNDUHW�DO�������DQG�1DJDUDMDQHW�
DO���������'XEH\�HW�DO����������7KH�RXWEUHDNV�
ZHUH�VHHQ�DOPRVW�HYHU\�\HDU�WKHUHDIWHU�WRR��LQ�
�����IURP�:HVW�%HQJDO� LQ������IURP�7ULSXUD��
$VVDP�DQG�DJDLQ�:HVW�%HQJDO�� LQ������IURP�
2GLVKD��0HJKDOD\D�DQG�7ULSXUD�DQG�.DUQDWDND��
LQ������ IURP�%LKDU�DQG�&KDWWLVJDUK�DQG�YHU\�
UHFHQWO\�IURP�.HUDOD�LQ�1RYHPEHU�������KWWS��
���ZZZ�RLH�LQW�����+�1��KDV�EHHQ�LVRODWHG�IURP�
PDQ\�VSHFLHV�LQ�,QGLD�DQG�LW�ZDV�LVRODWHG�IURP�
FURZ�¿UVW�WLPH�LQ��������1DJDUDMDQHW�DO���������
DQG�VXEVHTXHQWO\�LW�ZDV�DOVR�LVRODWHG�LQ������
DQG� ������ �'DV�HW� DO��� ������� 6LQFH� FURZ� LV�
D� XQLYHUVDO� VFDYHQJHU�� LW� SRVHV� D� WKUHDW� RI�
SRWHQWLDO� VRXUFH� IRU� WUDQVPLVVLRQ� LI� WKH� YLUXV�
JHWV� DGDSWHG� WR� WKLV� VSHFLHV��7KH�+�1��KDV�
DOVR� EHHQ� LVRODWHG� IURP� RWKHU� VSHFLHV� OLNH�
JRRVH�� WXUNH\�DQG�GXFNV�� �7RVK�HW�DO����������
3K\ORJHQHWLF� DQDO\VLV� RI� WKH� YLUXV� LVRODWHV�
UHYHDOHG�WKDW�WZR�FODGHV��FODGH�����DQG�FODGH�
�������KDYH�FLUFXODWHG�LQ�,QGLDQ�VXEFRQWLQHQW��
&ODGH�����ZDV�LVRODWHG�LQ�,QGLD�WLOO�WKH�ODVW�RXW�
EUHDN�IURP�:HVW�%HQJDO�LQ������DQG�WKHUHDIWHU�
LQ�VXEVHTXHQW�RXWEUHDNV�RQO\�YLUXVHV�EHORQJLQJ�
WR�FODGH���������ZHUH�LVRODWHG�DQG�FKDUDFWHULVHG�
�1DJDUDMDQHW�DO���������'XEH\�HW�DO����������7KH�
VXUYLYDELOLW\�RI� ,QGLDQ�+�1��+3$,�YLUXV� LQ�GU\�
DQG�ZHW�SRXOWU\�IDHFHV�KDV�EHHQ�LGHQWL¿HG�WR�EH�
IRU�� GD\V�DW��� �&�DQG�� ZHHNV�DW�� �&�LQ�GU\�
DQG�ZHW�IDHFHV��.XUPLHW�DO����������)LUVW�WLPH�
D�WULDO�RI�YDULRXV�FUXGH�H[WUDFWV�RI� LQGLJHQRXV�
PHGLFLQDO�SODQWV�IRU�WKHLU�DQWLYLUDO�DFWLYLW\�DJDLQVW�
+3$,�+�1��ZDV�FRQGXFWHG� LQ�YLWUR�DV�ZHOO�DV�
LQ�RYR��&ROG�DQG�KRW�DTXRXHXV�H[WUDFW�RI�EDUN�
DQG�KRW�DTXHRXV�H[WUDFW�RI�OHDYHV�RI�(XJHQLD�
MDPERODQD�VKRZHG������YLUXFLGDO�DFWLYLW\�DQG�
DQWLYLUDO� SRWHQWLDO� RI� KRW� DTXHRXV� H[WUDFW� RI��
EDUN�RI�(�� MDPERODQD�ZDV�GHPRQVWUDWHG�E\�D�
KLJK�VHOHFWLYH�LQGH[�RI�WKH�H[WUDFW��6RRG�HW�DO��
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�5LFKD�6RRG�DQG�.K��9LFWRULD�&KDQX

������,Q�DQRWKHU�VWXG\�WKH�FROG�DTXHRXV�H[WUDFW�
RI� EDUN� RI�$FDFLD� DUDELFDYDU�� LQGLFD� UHYHDOHG�
�����YLUXFLGDO�DFWLYLW\��K\GUR�PHWKDQROLF�H[WUDFW�
RI� OHDYHV� RI�$]DGLUDFKWDLQGLFD� VKRZHG� ����
LQKLELWLRQ� DQG� KRW� DTXHRXV� H[WUDFW� RI� OHDYHV�
RI�2FLPXPWHQXLÀRUXPVKRZHG� ���� LQKLELWLRQ�
RI�+3$,�+�1�� LQ�0'&.� FHOOV�� �6RRG� HW� DO��
�������$V� SHU� WKH� GLUHFWLYHV� RI�*RYHUQPHQW�
RI� ,QGLD� LPPHGLDWH� ELRVDIHW\� DQG� ELRVHFXULW\�
PHDVXUHV� DUH� HQIRUFHG� LPPHGLDWHO\� LQ� WKH�
DUHDV�RI�RXWEUHDN�DQG�FXOOLQJ�LQ�WKH�SHULPHWHU�
RI��NP� LV� IROORZHG�� ,Q� ORQJ� UXQ�FXOOLQJ�FDQQRW�
EH�HFRQRPLFDOO\�YLDEOH�RSWLRQ�DV�LW�DIIHFWV�WKH�
SRXOWU\�LQGXVWU\�DQG�XOWLPDWHO\�HFRQRP\�RI�WKH�
FRXQWU\��9DFFLQDWLRQ�LV�WKH�VHFRQG�OLQH�GHIHQFH�
IRU� DYLDQ� LQÀXHQ]D� DQG� LQ� D� ELG� WR� NHHS� WKH�
SUHSDUHGQHVV� UHDG\� DQG� DQ� HYHQWXDOLW\� RI� D�
PDMRU� RXWEUHDN�ZRUN�KDV�EHHQ� FDUULHG�RXW� DW�
1,+6$'��%KRSDO�ZKHUH�DQWLJHQLF�FDUWRJUDSK\�
KDV�EHHQ�GHPRQVWUDWHG�IRU�LGHQWL¿FDWLRQ�RI�WKH�
YDFFLQH�VHHG�YLUXV�DPRQJ�WKH�FLUFXODWLQJ�YLUXVHV�
�%KDWLD�HW� DO��� ������� 3K\ORJHQHWLF� DQDO\VLV�
UHYHDOHG�WKDW�DOO�WKH�YLUXVHV�LVRODWHG�VR�IDU�KDYH�
���DPLQR�DFLG�GHOHWLRQ�LQ�WKH�1$�VWDON�UHJLRQ��
ZKLFK�LV�FKDUDFWHULVWLF�RI�DGDSWDWLRQ�RI�WKH�YLUXV�WR�
WHUUHVWULDO�SRXOWU\��(PHUJHQFH�RI�GUXJ�UHVLVWDQFH�
KDV�DOVR�EHHQ�LGHQWL¿HG�LQ�,QGLDQ�LVRODWHV�DQG�
KDV�EHHQ� FKDUDFWHULVHG�JHQRW\SLFDOO\� DV�ZHOO�
DV�LQ�FHOO�FXOWXUH��7RVK�HW�DO��������������6RRG�
HW�DO����������2VHOWDPLYLU�DQG�=DQDPLYLU�DUH�WKH�
WZR�FXUUHQWO\�DSSURYHG�GUXJV�DJDLQVW�LQÀXHQ]D��
,Q� ,QGLD� GUXJ� UHVLVWDQFH� KDV� EHHQ� LGHQWL¿HG�
DJDLQVW�ERWK�WKHVH�GUXJV�LQ�YLUXVHV�EHORQJLQJ�WR�
FODGH������*HQRW\SLF�FKDUDFWHULVDWLRQ�UHYHDOHG�
WZR�PXWDWLRQV��RQH��DW�DPLQR�DFLG�SRVLWLRQ�����
ZKHUH�$VSDUDJLQH�ZDV� UHSODFHG�ZLWK�6HULQH��
DQG� WKH�RWKHU�DW�SRVLWLRQ�����ZKHUH�*OXWDPLF�
DFLG�ZDV�UHSODFHG�E\�$ODQLQH�FRQIHUULQJ�PRUH�
WKDQ���������WLPH�GHFUHDVHG�VHQVLWLYLW\�WR�WKH�
GUXJV��6RRG�HW�DO����������

$� FRQWLQXRXV� VXUYHLO ODQFH� RI� WKH�
VXVFHSWLELOLW\�RI�WKH�FLUFXODWLQJ�LQÀXHQ]D�YLUXVHV�
LV�D�PXVW�DV�LW�DGGUHVVHV�DQ�LPSRUWDQW�KXPDQ�
DQLPDO� LQWHUIDFH� WR� NHHS� D� YLJLO� QRW� RQO\� LQ�
SUHSDUHGQHVV�WR�SDQGHPLF�RXWEUHDN�EXW�DOVR�LQ�
VDIHJXDUGLQJ�WKH�SXEOLF�KHDOWK�ZRUNHUV�DW�WKH�WLPH�
RI�FXOOLQJ�RSHUDWLRQV�DQG�ZHW�PDUNHW�RSHUDWLRQV�
FDUULHG�RXW�GXULQJ�$YLDQ�,QÀXHQ]D�RXWEUHDNV�LQ�
WKH�FRXQWU\��&RQWURO�PHDVXUHV�DGRSWHG�GXULQJ�
+3$,�+�1��RXWEUHDNV�KDYH�EHHQ�GHVFULEHG�LQ�
IRUP�RI�$FWLRQ�SODQ� IRU� SUHSDUHGQHVV�� FRQWURO�
DQG�FRQWDLQPHQW�RI�DYLDQ�LQÀXHQ]D��'HSDUWPHQW�
RI�$QLPDO�+XVEDQGU\�'DLU\LQJ� DQG�)LVKHULHV�

�������)XUWKHU� LQIRUPDWLRQ�RI�WKH�GLVHDVH�FDQ�
EH�REWDLQHG�IURP�WKH�IROORZLQJ�ZHE�VLWHV��KWWS���
GDKG�QLF�LQ�ELUGÀXH�KWP��KWWS���ZZZ�FGF�JRY�ÀX��
KWWS���ZZZ�RIÀX�QHW��
5HIHUHQFHV
$EXEDNDU��0�%���$LQL��,���2PDU��$�5��DQG�%HMR��

0�� -�� ������$YLDQ� LQIXHQ]D��*OREDO�
DVVHVVPHQW�RI�SRWHQWLDO�SDQGHPLF�RI�
WKH�WZHQW\�¿UVW�FHQWXU\��-��)RRG��$JUL��
(QYLURQ�����������

$OH[DQGHU�� '�-�� ������$� UHYLHZ� RI� DYLDQ�
LQÀXHQ]D�LQ�GLIIHUHQW�ELUG�VSHFLHV��9HW��
0LFURELRO������������

$OH[DQGHU�� '�-�� ������$Q� RYHUYLHZ� RI� WKH�
HSLGHPLRORJ\� RI� DYLDQ� LQIOXHQ]D��
9DFFLQH�����������±�����

%DKON\��+�������$YLDQ� LQÀXHQ]D��7KH� WLS�RI� WKH�
LFHEHUJ��$QQ��7KRUDF��0HG������������

%HDUG�&�:��������,QÀXHQ]D�,Q�+��*��3XUFKDVH��
/��+��$US��6��%���+LWFKQHU��&��+��'RPHU�
PXWK\��-��(��3HUVRQ��(GV���$�ODERUDWRU\�
PDQXDO�IRU�WKH�LVRODWLRQ�DQG�LGHQWL¿FDWLRQ�
RI� DYLDQ� SDWKRJHQV�� $$$3�� &ROOHJH�
6WDWLRQ��7;��SS���������

%HFNHU�:%��8\V�&-�������([SHULPHQWDO�LQIHFWLRQ�
RI�FKLFNHQV�ZLWK�LQÀXHQ]D�$�7HUQ�6RXWK�
$IULFD������DQG�&KLFNHQ�6FRWODQG������
YLUXVHV��,��&OLQLFDO�SLFWXUH�DQG�YLURORJ\��
-��&RPS��3DWKRO��������±���

%KDWLD�� 6��� .XQDO��$��� .KDQGLD��5��� 6LGGLTXL��
$���3DWHUL\D��$�.��DQG�6RRG��5��������
*HQHWLF�DQG�DQWLJHQLF�DQDO\VLV�RI�+�1��
YLUXVHV�IRU�VHOHFWLRQ�RI�+$�GRQRU�YLUXV�
IRU� YDFFLQH� VWUDLQV�� ,QG�� -�� 9LURO������
�������

%RXYLHU��1�0��DQG�3DOHVH��3�������7KH�ELRORJ\�
RI� LQIOXHQ]D� YLUXVHV� 9DFFLQH�� ����
��±���

%URZQ��,�+���/XGZLJ��6���2OVHQ��&�:���+DQQRXQ��
&��� 6FKROWLVVHN�� &��� +LQVKDZ�� 9�6���
+DUULV��3�$���0F&DXOH\�� -�:���6WURQJ��
,��DQG�$OH[DQGHU��'�-��������$QWLJHQLF�
DQG�JHQHWLF�DQDO\VHV�RI�+�1��LQÀXHQ]D�
$�YLUXVHV�IURP�(XURSHDQ�SLJV��-��*HQ��
9LURO��������������

%URZQ�� ,�+�� ������+LVWRU\� DQG� HSLGHPLRORJ\�
RI�VZLQH�LQÀXHQ]D�LQ�(XURSH��&XUUHQW�
7RSLFV�LQ�0LFURELRORJ\�DQG�,PPXQRORJ\��
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� $YLDQ�,QÀXHQ]D��$�&RQWLQXLQJ�7KUHDW

6ZLQH� LQÀXHQ]D�� (GV�� -�� 6WHFK� DQG�
5�:HEE\��6SULQJHU���������

&'&��������$YLDQ�LQÀXHQ]D��ÀX��NH\�IDFWV�DERXW�
DYLDQ�LQÀXHQ]D��ZZZ�FGF�JRY�ÀX�DYLDQ�
JHQ�LQIR�IDFWV�KWP�

&HQWDQQL�� (��� DQG� 6DYRQX]]L�� (������� /D�
SHVWHDYLDULD� ,	,,��&RPPXQLFD]LRQHID
WWDDOO¶DFFDGHPLDGHOOHVFLHQ]HPHGLFKH�
H�QDWXUDOL�GH�)HUUDUD�

&R[��1�-���)XOOHU��)���.DYHULQ��1���.OHQN��+�'���
/DPE��5�$��DQG�0DK\��%�:��������,Q��
2UWKRP\[RYLULGDH�� 9LUXV� WD[RQRP\��
6HYHQWK� UHSRUW� RI� WKH� LQWHUQDWLRQDO�
FRPPLWWHH�RQ�WD[RQRP\�RI�YLUXVHV��6DQ�
'LHJR��$FDGHPLF�3UHVV�SS�����±����

'DV�� %�5��� 7RVK�� &��� .XPDU��0��1DJDUDMDQ��
6��0XUXJNDU��+�9���6KXNOD��6��7ULSDWKL��
6���0LVKUD��$��DQG�.XONDUQL��'�'��������
,VRODWLRQ�DQG�*HQHWLF�&KDUDFWHUL]DWLRQ�
RI� ,QÀXHQ]D�$� �6XEW\SH�+�1���9LUXV�
IURP�&URZV�LQ�,QGLD��$GY���$QLP���9HW\��
6FL� ������������

'DVHQ��&�$��DQG�/DYHU��:�*��������$QWLERGLHV�
WR� LQI OXHQ]D� YLUXVHV� � LQFOXGLQJ�
WKH� KXPDQ�$��$VLDQ���� VWUDLQ�� LQ�
VHUD� IURP�$XVWUDOLDQ� VKHDUZDWHUV�
�3XI¿QXVSDFL¿FXV���%XOO��:RUOG�+HDOWK�
2UJ���������±����

'HSDUWPHQW�RI�$QLPDO�+XVEDQGU\��'DLU\LQJ�DQG�
)LVKHULHV��������$FWLRQ�3ODQ�RI�$QLPDO�
+XVEDQGU\�IRU�3UHSDUHGQHVV��&RQWURO�
DQG�&RQWDLQPHQW�RI�$YLDQ�,QÀXHQ]D

'XEH\��6�&���1DJDUDMDQ��6���7RVK��&���%KDWLD��6��
$QG�/DO�.ULVKQD��������$YLDQ�LQÀXHQ]D��
$�ORQJ�NQRZQ�GLVHDVH�DQG�LWV�FXUUHQW�
WKUHDW��,QG��-��$QLP��6FL��������������

(DVWHUGD\�� %�&��� 7UDLQHU�� '�2��� 7XPRYD�� %��
DQG� 3HUHLUD�� +�*�� ������ (YLGHQFH�
RI� LQIHFWLRQ�ZLWK� LQÀXHQ]D� YLUXVHV� LQ�
PLJUDWRU\� ZDWHUIRZO��1DWXUH�� �����
���±����

)RXFKLHU��5�$���6FKQHHEHUJHU��3�0���5R]HQGDOO��
)�:���%URHNPDQ�� -�0���.HPLQN��6�$���
0XQVWHU��9���.XLNHQ��7���5LPPDO]ZDDDQ��
*�)���6FKXWWHQ��0���9DQ�'RRUQXP��*�-���
.RFK��*���%RVPDQ��$���.RRSPDQV��0��
DQG�2VWHUKDXV�$�0�'�(��������$YLDQ�
,QÀXHQ]D�$� YLUXV� �+�1��� DVVRFLDWHG�
ZLWK�KXPDQV�FRQMXQFWLYLWLV�DQG�D�IDWDO�

FDVH� RI� DFXWH� UHVSLUDWRU\� GLVWUHVV�
V\QGURPH��3URF�� 1DW��$F�� 6FL�������
����������

*DYLQ��3�-��DQG�7KRPVRQ�-U��5�%��������5HYLHZ�
RI�UDSLG�GLDJQRVLV�WHVWV�IRU� LQÀXHQ]D��
&OLQ��$SSO��,PPXQRO��5HY�������������

+DUYH\�� 5��� 0DUWLQ�� $�&��� =DPERQ�� 0�� DQG�
%DUFOD\�� :�6�� ������ 5HVWULFWLRQV� WR�
WKH�DGDSWDWLRQ�RI�LQÀXHQ]D�$�YLUXV�+��
KHPDJJOXWLQLQ� WR� WKH� KXPDQ� KRVW�� -��
9LURO��������������

+RULPRWR��7��DQG�.DZDRND�<��������3DQGHPLF�
WKUHDW�SRVHG�E\�DYLDQ�LQÀXHQ]D�$�YLUXVHV��
&OLQ��0LFURELRO��5HY��������������

+RULPRWR�� 7��� 1DND\DPD�� .��� 6PHHNHQV��
6�3��� .DZDRND��<�� ������3URSURWHLQ�
SURFHVVLQJ� HQGRSURWHDVHV�3&�� DQG�
IXULQ� ERWK� DFWLYDWH� KHPDJJOXWLQLQ� RI�
YLUXOHQW�DYLDQ�LQÀXHQ]D�YLUXVHV��-��9LURO��
��������±�����

,WR�� 7��� &RXFHLUR�� -�1�6�6��� .HOP�� 6��� %DXP��
/�*��� .UDXVV�� 6��� &DVWUXFFL�� 0�5���
'RQDWHOOL�� ,��� .LGD� +��� 3DXOVRQ�� -�&���
:HEVWHU��5�*���DQG�.DZDRND��<��������
0ROHFXODU� EDVLV� IRU� WKH� JHQHUDWLRQ�
LQ� SLJV� RI� LQÀXHQ]D� $� YLUXVHV� ZLWK�
SDQGHPLF� SRWHQWLDO�� -�� 9LURO�� ����
����±�����

-DFRE��$��� 6RRG��5��� &KDQX9LFWRULD�� .�+��
.KDQGLD��5���3DWHUL\D��$�.���DQG�%KDWLD��
6������$PDQWDGLQH�UHVLVWDQFH�DPRQJ�
+3$,� +�1�� LVRODWHG� IURP� ,QGLD��$�
FDXVH�RI�&RQFHUQ�� ,Q��;;9,,,�$QQXDO�
&RQYHQWLRQ� RI� ,QGLDQ�$VVRFLDWLRQ�
R I � 9HWHU LQDU\ � 0LF URE LR ORJ LV WV ��
,PPXQRORJLVWV��6SHFLDOLVWV�LQ�,QIHFWLRXV�
'LVHDVHV�DQG�,QWHUQDWLRQDO�FRQIHUHQFH�
RQ� ³&KDOOHQJHV� DQG� 2SSRUWXQLWLHV�
LQ� $QLPDO� +HDOWK� LQ� WKH� )DFH� RI�
*OREDOL]DWLRQ� DQG�&OLPDWH�&KDQJH´�
KHOG�DW�3DQGLW�'HHQ'D\DO�8SDGKD\D�
3DVKX&KLNLWVD�9LJ\DQ�9LVKZDYLG\DOD\D�
(YDP�*R��$QXVDQGKDQ� 6DQVWKDQ��
0DWKXUD�� 83� IURP� ��WK� 2FW�� �VW� 1RY�
�����

.DOORQ��6���/L��;���-L��-���&KHQ��&���;L��4���&KDQJ��
6���;XH��&���0D��-���;LH��4��DQG�=KDQJ��
<�� ������$VWUDJDOXV� SRO\VDFFKDULGH�
HQKDQFHV�LPPXQLW\�DQG�LQKLELWV�+�1��
DYLDQ�LQÀXHQ]D�YLUXV�LQ�YLWUR�DQG�LQ�YLYR��
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-��$QLP��6FL��DQG�%LRWHFK��������
.DZDNRD�� <��� <DPQLNRYD�� 6��� &KDPEHUV��

7�0��� /YRY�� '�.�� DQG� :HEVWHU�� 5�*��
������0ROHFXODU�FKDUDFWHUL]DWLRQ�RI�D�
QHZ� KHPDJJOXWLQLQ�� VXEW\SH� +���� RI�
LQÀXHQ]D�$�YLUXV��9LURO����������±����

.QREOHU�� 6�/���0DFN��$���0DKPRXG��$�� ������
7KH� WKUHDW� RI� SDQGHPLF� LQIOXHQ]D��
$UH�ZH� UHDG\"�:RUNVKRS� VXPPDU\��
,QVWLWXWH�RI�0HGLFLQH��86��:DVKLQJWRQ�
�'&�� 1DWLRQDO�$FDGHPLHV�3UHVV��86���
&KDSWHU����

.DZDRND��<���&R[��1�-���+DOOHU��2���+RQJR��6���
.DYHULQ��1���.OHQN��+�'���/DPE��5�$���
0F&DXOH\��-���3DOHVH��3��	�RWKHU�DXWKRUV��
������ )DPLO\�2UWKRP\[RYLULGDH�� ,Q�
9LUXV�7D[RQRP\��(LJKWK�5HSRUW�RI�WKH�
,QWHUQDWLRQDO�&RPPLWWHH�RQ�7D[RQRP\�
RI�9LUXVHV�(GLWHG� E\�)DXTXHW�&��0���
0D\R�0��$���0DQLORII�-���'HVVHOEHUJHU�
8��� %DOO� /�$��� HGLWRUV�� 6DQ� 'LHJR��
(OVHYLHU�$FDGHPLF� 3UHVV�� SS�� ���±
����

.UDZIRUG��3�&���'XERYL��(�-���&DVWHOPDQ��:�/���
6WHSKHQVRQ�� ,���*LEEV��(�3�-���&KHQ��
/���6PLWK��&�� DQG�'RQLV��5�2�� ������
(SLGHPLRORJ\��7UDQVPLVVLRQ�RI�(TXLQH�
,QÀXHQ]D�9LUXV�WR�GRJV��6FLHQFH�������
��������

.UXJ��5�0���<XDQ��:���1RDK��'�/��DQG�/DWKDP��
$�*�� ������ ,QWUDFHOOXODU� ZDUIDUH�
EHWZHHQ�KXPDQ�LQÀXHQ]D�YLUXVHV�DQG�
KXPDQ�FHOOV��WKH�UROHV�RI�WKH�YLUDO�16��
SURWHLQ��9LURO����������±����

.XLNHQ��7���5LPPHO]ZDDQ��*���YDQ�5LHO��'���9DQ�
$PHURQJHQ��*��%DDUV��0���)RXFKLHU��5��
DQG�2VWHUKDXV��$��������$YLDQ�+�1��
LQÀXHQ]D�LQ�FDWV��6FLHQFH�����������

.XUPL��%���0XUXJNDU��+�9���1DJDUDMDQ��6���7RVK��
&��� 'XEH\�� 6�&�� DQG�0DQRM� .XPDU��
������6XUYLYDELOLW\�RI�KLJKO\�SDWKRJHQLF�
DYLDQ� LQÀXHQ]D�+�1��YLUXV� LQ�SRXOWU\�
IDHFHV�DW�GLIIHUHQW� WHPSHUDWXUHV�� ,QG��
-��9LURO��������������

.XPDU��$���0XKDVLQ��$�9���5DXW��$�$���6RRG��5�
DQG�0LVKUD��$�������� ,GHQWL¿FDWLRQ�RI�
&KLFNHQ�3XOPRQDU\�PL51$V�7DUJHWLQJ�
3%���3%��)���DQG�1���*HQHV�RI�+LJKO\�
3DWKRJHQLF�$YLDQ�,QÀXHQ]D�9LUXV�+�1��
,Q6LOLFR�� %LRLQIRUP��%LRO�� ,QVLJKWV�����

���±����
/DPE � � 5 �$ � � DQG � . UXJ � � 5 �0 � � ���� ��

2UWKRP\[RYLULGDH�� 7KH� YLUXVHV� DQG�
WKHLU� UHSOLFDWLRQ�� ,Q�)LHOGV� 9LURORJ\��
�(GV��� .QLSH� '0� DQG� +RZOH\� 30��
�WKHGQ�� /LSSLQFRWW�:LOOLDP�	�:LONLQV��
3KLODGHOSKLD��86$��SS�����������

/HH��&�:��DQG�6DLI��<�0��������$YLDQ�LQÀXHQ]D�
YLUXV�&RPS��,PPXQRO��0LFURELRO��,QIHFW��
'LV��������������

/H��0�7�4���:HUWKHLP��+�)�/���1JX\HQ��+�'���
7D\ORU��:�� DQG�+RDQJ��3�9�0�� ������
,QÀXHQ]D�$�+�1��FODGH�������YLUXV�ZLWK�
D�GLIIHUHQW�DQWLYLUDO�VXVFHSWLELOLW\�SUR¿OH�
UHSODFHG� FODGH� �� YLUXV� LQ� KXPDQV� LQ�
QRUWKHUQ�9LHWQDP��3/R6�2QH�����H�����
GRL���������MRXUQDO�SRQH���������

/XSLDQL��%��DQG�5HGG\��6�0��������7KH�+LVWRU\�
RI� DYLDQ� LQÀXHQ]D��&RPS�� ,PPXQRO��
0LFURELRO��,QIHFW��'LV���������±�����

0D��:���/DJHU��.�0���9LQFHQW��$�/���-DQNH��%�+���
*UDPHU�� 0�5�� DQG� 5LFKW�� -�$�������
7KH� UROH� RI� VZLQH� LQ� WKH� JHQHUDWLRQ�
RI�QRYHO� LQÀXHQ]D�YLUXVHV��=RRQRVHV�
3XEOLF�+OWK���������±����

0DWURVRYLFK�� 0��� 7X]LNRY��$��� %RYLQ�� 1���
*DPEDU\DQ��$���.OLPRY��$���&DVWUXFFL��
0�5������� (DUO\� DOWHUDWLRQV� RI� WKH�
UHFHSWRU�ELQGLQJ� SURSHUWLHV� RI� +���
+�� DQG� +�� DYLDQ� LQIOXHQ]D� YLUXV�
KHPDJJOXWLQLQV�DIWHU�WKHLU�LQWURGXFWLRQ�
LQWR�PDPPDOV�� -�� � 9LURO������ ����±
�����

0XUXJNDU��+�9���1DJDUDMDQ��6���7RVK��&���%KDWLD��
6���9HQNDWHVK��*���-DLQ��5���.XPDU��6���
.KDQGLD��5���3GDQH\��0���%HKHUD��3���
7ULSDWKL��6���.XONDUQL��'�'���'XEH\��6�&��
������+�1��YLUXV�RXWEUHDNV�LQ�SRXOWU\�
LQ�,QGLD��9HW��5HF�����������

1DHYH��&�:���+LQVKDZ��9�6��DQG�:HEVWHU��5�*��
������0XWDWLRQV�LQ�WKH�KHPDJJOXWLQLQ�
UHFHSWRU��ELQGLQJ�VLWH�FDQ�FKDQJH�WKH�
ELRORJLFDO� SURSHUWLHV� RI� DQ� LQÀXHQ]D�
YLUXV��-��9LURO��������������

1DJDUDMDQ�� 6��� 0XUXJNDU�� +�9��� 7RVK�� &���
%HKHUD�� 3��� -DLQ�� 5��� 7ULSDWKL�� 6���
.KDQGLD��5���*XSWD��9���.XONDUQL��'�'���
'XEH\�� 6�&��� ������ $YLDQ� LQÀXHQ]D�
YLUXV��+�1���LQ�FKLFNHQV�LQ�,QGLD��9HW��
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� $YLDQ�,QÀXHQ]D��$�&RQWLQXLQJ�7KUHDW

5HF�����������
1DJDUDMDQ�� 6��� 5DMXNXPDU�� .��� 7RVK�� &���

5DPDVZDP\��9���3XURKLW��.���6D[HQD��
*���%HKHUD��3���3DWWQDLN��%���3UDGKDQ��
+�.��� 'XEH\�� 6�&��� ����D�� ,VRODWLRQ�
DQG� SDWKRW\SLQJ� RI� +�1�� DYLDQ�
LQÀXHQ]D� YLUXVHV� LQ� ,QGLDQ� SRXOWU\��
9HW��0LFURELRO����������±����

1DJDUDMDQ�� 6��� 7RVK�� &��� 0XUXJNDU�� +�9���
9HQNDWHVK��*��� .DWDUH��0��� -DLQ��5���
%HKHUD��3���.KDQGLD��5���7ULSDWKL��6���
.XONDUQL�� '�'��� 'XEH\�� 6�&��� ������
,VRODWLRQ�DQG�PROHFXODU�FKDUDFWHUL]DWLRQ�
RI�D�+�1��YLUXV�LVRODWHG�IURP�D�-XQJOH�
FURZ��&RUYXVPDFURK\QFKRV��LQ�,QGLD��
9LUXV�*HQHV��������±����

1DJDUDMDQ��6���7RVK��&���6PLWK'��.���3HLULV��-�6���
0XUXJNDU��+�9���6ULGHYL��5���.XPDU��0���
.DWDUH��0���-DLQ��5���6\HG��=���%HKHUD��
3���&KHXQJ��&�/���.KDQGLD��5���7ULSDWKL��
6���*XDQ��<���'XEH\��6�&��������$YLDQ�
LQÀXHQ]D��+�1���YLUXV�RI�FODGH�������
LQ�GRPHVWLF�SRXOWU\�LQ�,QGLD��3/R6�2QH�
���H������

2,(�� ������2,(� 7HUUHVWULDO� 0DQXDO��$YLDQ�
LQIOXHQ]D�� &KDSWHU� ������� 3DULV��
)UDQFH�

2OVHQ�� %�� � 0XQVWHU� � 9�-� � � :DO OHQVWHQ��
$��:DOGHQVWURP��-���2VWHUKDXV��$'0(���
)RXFKLHU��5$0��������*OREDO�SDWWHUQV�
RI� LQIOXHQ]D�$� YLUXV� LQ� ZLOG� ELUGV��
6FLHQFH����������±��

3DGKL��6���3DQLJUDKL��3�.���0DKDSDWUD��$��DQG�
0DKDSDWUD��6�� ������$YLDQ� LQÀXHQ]D�
$��+�1����D�SUHOLPLQDU\�UHYLHZ��,QG��-��
0HG��0LFURELRO�������������

3DOHVH�� 3�� ������ 0DNLQJ� EHWWHU� LQIOXHQ]D�
YLUXV�YDFFLQHV"�(PHUJ�,QIHFW�'LV������
��±���

3DWWQDLN�� %��� 3DWHUL\D��$�.��� .KDQGLD�� 5���
7RVK��&��� 1DJDUDMDQ�� 6���*RXQDODQ��
6��� 0XUXJNDU�� +�9��� 6KDQNDU�� %�3���
6KULYDVWDYD��1���%HKHUD��3���%KDJDW��6���
3HLULV��-�6�0��DQG�3UDGKDQ��+�.��������
3K\ORJHQHWLF�DQDO\VLV�UHYHDOHG�JHQHWLF�
VLPLODULW\�RI�WKH�+�1��DYLDQ�LQÀXHQ]D�
YLUXVHV�LVRODWHG�IURP�+3$,�RXWEUHDNV�
LQ�FKLFNHQV�LQ�0DKDUDVKWUD��,QGLD�ZLWK�
WKRVH�LVRODWHG�IURP�VZDQ�LQ�,WDO\�DQG�
,UDQ�LQ�������&XUU��6FL������������

3HLULV��-�6���GH�-RQJ��0�'��DQG�*XDQ��<��������
$YLDQ�LQÀXHQ]D�YLUXV��+�1����$�WKUHDW�
WR�KXPDQ�KHDOWK��&OLQ��0LFURELRO��5HY��
�������±����

3HUNLQV�� /�(�� DQG� 6ZD\QH�� '�(�� ������
3DWKRJHQLFLW\� RI� +RQJ� .RQJ� RULJLQ�
+�1�� KLJKO\� SDWKRJHQLF� DYLDQ�
LQÀXHQ]D�YLUXV�IRU�HPXV��JHHVH��GXFNV�
DQG�SLJHRQV��$YLDQ�'LV������������

3HUURQFLWR��(��������(SL]RR]LDWLIRLGHQHLJDOOLQDF��
$QQDOL�$FFDG�$JUL�7RULQR��������±�����

6DORPRQ�� 5�� DQG� :HEVWHU�� 5�*�� ������ 7KH�
LQÀXHQ]D� YLUXV� HQLJPD�� &HOO�� �����
��������

6FKlIHU�� :�� ������ 9HUJOHLFKHQGHUVHUR�
LPPXQRORJLVFKH8QWHUVXFKXQJHQ�EHU�
GLH� 9LUHQ� GHU� ,QÀXHQ]D� XQG�
NODVVLVFKHQ*HÀ�JHOSHVW�� =�� 1DWXUI��
������±����

6NHKHO�� --�DQG�:LOH\�� '&�� ������ 5HFHSWRU�
ELQGLQJ�DQG�PHPEUDQH�IXVLRQ�LQ�YLUXV�
HQWU\�� WKH� LQIOXHQ]D� KHPDJJOXWLQLQ��
$QQXO��5HY��%LRFKHP���������±���

6RRG��5���6ZDUXS��'���%KDWLD��6���.XONDUQL��'�'���
'H\��6��� 6DLQL��0�� DQG� �'XEH\��6�&��
������$QWLYLUDO�DFWLYLW\�RI�FUXGH�H[WUDFWV�
RI�(XJHQLD� MDPERODQD�/DP�� DJDLQVW�
+LJKO\� SDWKRJHQLF� DYLDQ� LQIOXHQ]D�
�+�1��� YLUXV�� ,QGLDQ� -��([S��%LRORJ\��
������������

6RRG��5���%KDWLD��6���%KDWQDJDU��+���*XSWD��9���
.XPDU��0���'LPUL��8���6ZDUXS��'��������
3K\WRFKHPLFDO� DQDO\VLV� DQG� LQ� YLWUR
VFUHHQLQJ�RI�VHOHFWHG�,QGLDQ�PHGLFLQDO�
SODQWV� IRU� DQWLYLUDO� DFWLYLW\� DJDLQVW�
KLJKO\�SDWKRJHQLF�DYLDQ�LQÀXHQ]D�YLUXV��
-��$OW��&RPSOHPHQW��0HG��'UXJ�'LVFRY��
���������

6RRG��5���&KDQX��9��.K���%KDWLD��6���.KDQGLD��
5���7RVK��&���0LVKUD��$���3DWHUL\D��$�.���
DQG� .XONDUQL�� '�'� ������ (YLGHQFH�
RI� 1HXUDPLQLGDVH� ,QKLELWRU� 'UXJ�
5HVLVWDQFH� LQ� +LJKO\� 3DWKRJHQLF�
$YLDQ� ,QIOXHQ]D� 9LUXV� LQ� ,QGLD�� ,Q��
;;;,,�$QQXDO� &RQYHQWLRQ� RI� ,690�
DQG�,QWHUQDWLRQDO�6\PSRVLXP�RQ�µ7KH�
��VW &HQWXU\�5RDG�0DS�IRU�9HWHULQDU\�
3UDFWLFH�� (GXFDWLRQ� 	� 5HVHDUFK� LQ�
,QGLD�DQG�'HYHORSLQJ�&RXQWULHV¶�KHOG�
DW�6.8$67��5�6�3XUD��-DPPX�IURP ���
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�5LFKD�6RRG�DQG�.K��9LFWRULD�&KDQX

��� )HEUXDU\�� ������ 5HI� 1R�� ��2����
S�����

6WRKU��.��� DQG�(VYHOG��0�� ������:LOO� YDFFLQH�
EH� DYDLODEOH� IRU� WKH� QH[W� LQIOXHQ]D�
SDQGHPLF��6FLHQFH�����������������

6ZD\QH�� '�(�� DQG� +DOYRUVRQ�� '�$�� ������
,QÀXHQ]D�� ,Q�� 6DLI�<�0�� %DUQHV�+�-��
*OLVVRQ� -�5�� )DGO\��$�0��0F'RXJDOG�
/�5��6ZD\QH�'�(�� HGLWRUV��'LVHDVHV�
RI�SRXOWU\��$PHV��,RZD�6WDWH�8QLYHUVLW\�
3UHVV��SS�����±���

7DXEHQEHUJHU�� -�.�� DQG�0RUHQV��'�0�� ������
,QÀXHQ]D��WKH�PRWKHU�RI�DOO�SDQGHPLFV��
(PHUJ��,QIHFW��'LV�������±���

7DXEHQEHUJHU�� -�.�� DQG�0RUUHQV��'�0�� ������
3DQGHPLF� LQÀXHQ]D��� LQFOXGLQJ�D�ULVN�
DVVHVVPHQW�RI�+�1���5HY��6FL��7HFK��
�������±����

7KLU\�� (��� =LFROD��$���$GGLH�� '��� (JEHULQN�� +���
+DUWPDQQ�� .��� /XW]�� +��� 3RXOHW�� +��
DQG� +RU]LQHN�� 0�&�� ������ +LJKO\�
SDWKRJHQLF� DYLDQ� LQÀXHQ]D� +�1��
LQ� FDWV� DQG� RWKHU� FDUQLYRUHV�� 9HW��
0LFURELRO�������������

7RQJ�� 6��� =KX�� ;��� /L�� <��� 6KL�� 0��� =KDQJ�� -���
%RXUJHRLV�� 0��� <DQJ�� +��� &KHQ�� ;��
������1HZ�:RUOG�%DWV�+DUERU�'LYHUVH�
,QÀXHQ]D� $� 9LUXVHV�� 3/R63DWKRJ��
��� H��������� GRL���������MRXUQDO�
SSDW���������

7RVK��&���0XUXJNDU��+�9���1DJDUDMDQ��6���%KDWLD��
6���3DWHUL\D��$�.���%HKHUD��3���-DLQ��5���
.XPDU��6���.KDQGLD��5���9DQDPD\\D��
3�5��� 'XEH\�� 6�&��� $KODZDW�� 6�3���
������ 2XWEUHDN� RI� DYLDQ� LQÀXHQ]D�
YLUXV� +�1�� LQ� ,QGLD�� 9HW�� 5HF�� �����
����

7RVK�� &��� 0XUXJNDU�� +�� 9��1DJDUDMDQ��
6��7ULSDWKL�� 6��� .DWDUH�� 0��� -DLQ� 5���
.KDQGLD�5���6\HG�=���%HKHUD��3���3DWLO��
6��� .XONDUQL�� '�'�� DQG� 'XEH\�� 6�&��

������ (PHUJHQFH� RI� DPDQWDGLQH�
UHVLVWDQW� DYLDQ� LQÀXHQ]D� +�1�� YLUXV�
LQ�,QGLD��9LUXV�*HQHV��������±��

7RVK��&��1DJDUDMDQ��6��0XUXJNDU��+�9���%KDWLD��
6��DQG�.XONDUQL��'�'��������(YROXWLRQ�
DQG�6SUHDG�RI�$YLDQ� ,QÀXHQ]D�+�1��
9LUXVHV��$GY��$QLP��9HW��6FL�������±���

:DWDQDEH�� 7��� .LVR�� 0��� )XNX\DPD�� 6���
1DNDMLPD�� 1��� ,PDL�� 0��� <DPDGD��
6���0XUDNDPL�� 6���<DPD\RVKL�6��� HW�
DO�� ������ &KDUDFWHUL]DWLRQ� RI�+�1��
LQÀXHQ]D$�YLUXVHV�LVRODWHG�IURP�KXPDQV��
1DWXUH����������±���

:HEVWHU��5�*���5RWW��5������� ,QÀXHQ]D� YLUXV�
$� SDWKRJHQLFLW\�� WKH� SLYRWDO� UROH� RI�
KHPDJJOXWLQLQ��&HOO���������±����

:HEVWHU�� 5�*��� %HDQ��:�-�� *RUPDQ�� 2�7���
&KDPEHUV��7�0��DQG�.DZDRND��<��������
(YROXWLRQ�DQG�HFRORJ\�RI� LQÀXHQ]D�$�
YLUXVHV��0LFURELRO��5HY���������±����

:+2��������$�UHYLVHG�V\VWHP�RI�QRPHQFODWXUH�
IRU�LQÀXHQ]D�YLUXVHV��%XOO��:RUOG�+HDOWK�
2UJ���������±����

:+2�� ������$� UHYLVLRQ� RI� WKH� V\VWHP� RI�
QRPHQFODWXUH�IRU� LQÀXHQ]D�YLUXVHV��D�
:+2�PHPRUDQGXP��%XOO��:RUOG�+HDOWK�
2UJ���������±����

<DPDGD��6���6X]XNL��<���6X]XNL��7���/H��0�4���
1LGRP�&$��� 6DNDL�7DJDZD��<�� ������
+DHPDJJOXWLQLQ�PXWDWLRQV�UHVSRQVLEOH�
IRU� WKH� ELQGLQJ� RI� +�1�� LQIOXHQ]D�
$� YLUXVHV� WR� KXPDQ�W\SH� UHFHSWRUV��
1DWXUH����������±���

=DNVWHO¶VNDMD�� /�-��� ,VDFHQNR�� 9�$��� 2VLG]H��
1�*��� 7LPRIHHYD�� &�&��� 6OHSXVNLQ��
$�1�� DQG6RNRORYD��11�� ������6RPH�
REVHUYDWLRQV� RQ� WKH� FLUFXODWLRQ� RI�
LQIOXHQ]D� YLUXVHV� LQ� GRPHVWLF� DQG�
ZLOG�ELUGV��%XOO��:RUOG�+HDOWK�2UJ������
���±����
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�3DUW�RI�3K�'��WKHVLV�VXEPLWWHG�E\�WKH�¿UVW��DXWKRU�WR�1DWLRQDO�'DLU\�5HVHDUFK�,QVWLWXWH��.DUQDO��+DU\DQD
��$VVLVWDQW�3URIHVVRU�'HSDUWPHQW�RI�'DLU\�0LFURELRORJ\��&'67��0DQQXWK\��.HUDOD
&RUUHVSRQGLQJ�DXWKRU�(PDLO��OLJL��#UHGLIIPDLO�FRP
��3ULQFLSDO�6FLHQWLVW��5HWG��

$�&203$5$7,9(�(9$/8$7,21�2)�)$(&$/
Ǻ�*/8&8521,'$6(�$&7,9,7<�2)�$'8/7�
$/%,12�0,&(�)('�:,7+�352%,27,&�
�%,),'2%$&7(5,80�$1,0$/,6�68%63��
/$&7,6�%������35(%,27,&��,18/,1��$1'�
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/LJLPRO�-DPHV��DQG�.LVKDQ�6LQJK�
'HSDUWPHQW�RI�'DLU\�0LFURELRORJ\�
1DWLRQDO�'DLU\�5HVHDUFK�,QVWLWXWH�
.DUQDO��+DU\DQD5HFHLYHG�����������

$FFHSWHG�����������

$EVWUDFW
$�VWXG\�ZDV� FRQGXFWHG� WR� DVVHVV� WKH�

HIIHFW�RI�%L¿GREDFWHULXP�DQLPDOLV�VXEVS��ODFWLV�
%�����LQXOLQ�RU�WKHLU�FRPELQDWLRQV�RQ�WKH�DFWLYLW\�
RI�ȕ��JOXFXURQLGDVH��D�SURFDUFLQRJHQLF�HQ]\PH��
LQ�WKH�IDHFHV�RI�DGXOW�DOELQR�PLFH��&RPSDUHG�
WR� FRQWURO� JURXS�� D� VWDWLVWLFDOO\� VLJQLILFDQW�
UHGXFWLRQ��3�������LQ�WKH�IDHFDO�ȕ�JOXFXURQLGDVH�
DFWLYLW\��ZDV�REVHUYHG�LQ�DOO�WKH�WKUHH�WUHDWPHQW�
JURXSV�DIWHU����GD\V�RI�DGPLQLVWUDWLRQ�RI�IHHG�
VXSSOHPHQWV� DQG� WKLV� HIIHFW�ZDV� � SHUVLVWHQW��
WKURXJKRXW�WKH�WUHDWPHQW�SHULRG��,Q�YLHZ�RI�WKHLU�
DELOLW\� WR� UHGXFH� WKH� IDHFDO� ȕ�JOXFXURQLGDVH�
DFWLYLW\�� LW� LV� VXJJHVWHG� WKDW� DGPLQLVWUDWLRQ� RI�
%L¿GREDFWHULXP�DQLPDOLV� VXEVS�� ODFWLV�%�����
LQXOLQ� RU� WKHLU� FRPELQDWLRQV� FDQ� EH� SRWHQWLDO�
RSWLRQV�LQ�UHGXFLQJ�FRORQ�FDQFHU�ULVN�
.H\ZRUGV��3URELRWLFV�� SUHELRWLFV�� V\QELRWLFV��
ȕ�JOXFXURQLGDVH�DFWLYLW\�

7KH�JXW�PLFURÀRUD�DQG�WKHLU�PHWDEROLVP�
KDYH� D� VWURQJ� LQIOXHQFH� RQ� WKH� HWLRORJ\� RI�
FRORUHFWDO� FDQFHU� �RQH� RI� WKH�PDMRU� KHDOWK�
SUREOHPV�LQ�WKH�ZRUOG��$V�VFLHQWL¿F�HYLGHQFHV�
DUH�IRXQG�WR�OLQN�WKH�RFFXUUHQFH�RI�FRORQ�FDQFHU�
WR�WKH�LPEDODQFH�RI�LQWHVWLQDO�PLFURELRWD��GLHWDU\�
RSWLRQV�OLNH�SURELRWLFV��SUHELRWLFV�RU�V\QELRWLFV�

ZKLFK�PRGXODWH� LQWHVWLQDO�PLFURELRWD� FDQ� EH�
HIIHFWLYH� RSWLRQV�� UHGXFLQJ� WKH� ULVN� RI� FRORQ�
FDQFHU���6WXGLHV�VKRZ�WKDW�EDFWHULDO�HQ]\PHV�OLNH�
ȕ��JOXFXURQLGDVH��ȕ�JOXFRVLGDVH��D]RUHGXFWDVH��
DQG� QLWURUHGXFWDVH� SOD\� DQ� LPSRUWDQW� UROH� LQ��
FDQFHU� GHYHORSPHQW� DV� WKH\� K\GURO\VH� SUH�
FDUFLQRJHQLF� FRPSRXQGV� WR� FDUFLQRJHQV��2I�
WKHVH�ȕ��JOXFXURQLGDVH��D�FRPPRQO\�FRQVLGHUHG�
PDUNHU� IRU� SURFDUFLQRJHQLF� DFWLYLW\� �*DGHOOH�
HW� DO��� ������ LV� LPSRUWDQW� LQ� LQLWLDWLQJ� FRORQ�
FDQFHU�GXH�WR�LWV�ZLGH�VXEVWUDWH�VSHFL¿FLW\�DQG�
DELOLW\�WR�K\GURO\VH�GLIIHUHQW�JOXFXURQLGHV��7KH�
SUHVHQW�VWXG\�ZDV�FDUULHG�RXW�WR�HYDOXDWH�WKH�
HIIHFW� RI� SURELRWLF� RUJDQLVP� �%L¿GREDFWHULXP�
DQLPDOLV�VXEVS��ODFWLV�%������SUHELRWLF�VXEVWUDWH�
�LQXOLQ�� DQG� D� V\QELRWLF� FRPELQDWLRQ� �L�H��
LQXOLQ� LQ� FRPELQDWLRQ� ZLWK� %LILGREDFWHULXP�
DQLPDOLV� VXEVS�� ODFWLV� %����� RQ� WKH� IDHFDO�
ȕ��JOXFXURQLGDVH�DFWLYLW\�LQ��DGXOW�DOELQR�PLFH�
0DWHULDOV�DQG�0HWKRGV
3UHELRWLF�DQG�3URELRWLF

7KH� SUHELRWLF� LQXOLQ� ZDV� SURFXUHG�
IURP�2UDIWL�� %HOJLXP��7KH� SURELRWLF� FXOWXUH��
%L¿GREDFWHULXP� DQLPDOLV VXEVS� ODFWLV %����
�%������'DQLVFR��*HUPDQ\��ZDV�PDLQWDLQHG�LQ�


