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6DPDQWKD�5��-RVHSK�HW�DO�
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3DUDVLWLF�GLVHDVHV�DFFRXQW� IRU�PDMRU
HFRQRPLF� ORVVHV� LQ�DQLPDO�KXVEDQGU\�VHFWRU
WKURXJKRXW�WKH�ZRUOG��7KLV�KDV�EHHQ�DWWULEXWHG
WR� WKH�GHOHWHULRXV�HIIHFW�RI�FU\SWLF�SDUDVLWLVP
DSDUW� IURP� GLUHFW� KDUP� UHVXOWLQJ� LQ� KLJK
PRUWDOLW\��SDUWLFXODUO\�ZLWK�UHJDUG�WR�SURWR]RDQ
LQIHFWLRQV��7URSLFDO�FOLPDWH�LV�PXFK�IDYRXUDEOH
IRU� WKH� PDLQWHQDQFH� DQG� SURSDJDWLRQ� RI
SDUDVLWHV��+HQFH�LW�LV�DOZD\V�SRVVLEOH�WKDW�WKH
IDUP� DQLPDOV� FDUU\� D� SDUDVLWLF� ORDG�� WKRXJK
QRW� WR� WKH� H[WHQW� RI� FDXVLQJ�PRUWDOLW\�� ,W� LV
LPSRUWDQW� WKDW� WKH� QDWXUH� DQG� H[WHQW� RI
SDUDVLWLVP� DQG� WKHLU� SUHYDOHQFH� LQ� HDFK
JHRJUDSKLFDO� DUHD� LV� NQRZQ� VLQFH� WKLV
LQIRUPDWLRQ�ZLOO�KHOS�D�ORW�ZKLOH�GHYLVLQJ�FRQWURO
VWUDWHJLHV�

1R� GHWDLOHG� LQIRUPDWLRQ� LV� DYDLODEOH
DERXW� WKH� HQWHULF� SDUDVLWLF� LQIHFWLRQ� RI
SURWR]RDQ� RULJLQ� DPRQJ� UXPLQDQWV� LQ� WKH
3XGXFKHUU\� UHJLRQ�� +HQFH� DQ� DWWHPSW� ZDV
PDGH�WR�VWXG\�WKH�LQFLGHQFH�RI�FRFFLGLRVLV�DQG
RWKHU�FRQFXUUHQW�HQWHULF�SDUDVLWLF�LQIHFWLRQV�LQ
UXPLQDQWV� GXULQJ� VXPPHU�PRQWKV� �0DUFK� WR
-XQH� ������ ZKHQ� WKH� SDUDVLWLF� ORDG� ZDV
H[SHFWHG�WR�EH�ORZ�

$�WRWDO�RI����IUHVK�GXQJ�VDPSOHV�ZHUH
FROOHFWHG�IURP����FDWWOH�����JRDWV�DQG���VKHHS
VWDWLRQHG� DW� WHQ� ORFDWLRQV� OLNH� WKH�PXQLFLSDO
VODXJKWHU� KRXVH�� 3�9�1DJDU�� 7KLODVSHW�
5$*$&29$6�7HDFKLQJ� KRVSLWDO� DQG� IDUP�
*REDODQ� NDGDL��$XURYLOOH� IDUP�� 6�9�� IDUP�
)UDWHUQLW\�FHQWUH�DQG�0XWKLUDSDOD\DP��7KHVH
ORFDWLRQV� OLH� LQ� WKH�3XGXFKHUU\� UHJLRQ� RI� WKH
8QLRQ�7HUULWRU\�RI�3XGXFKHUU\��&ROOHFWLRQV�ZHUH
PDGH�LQ�WKH�DIWHUQRRQ�DQG�HYHQLQJ��&ROOHFWHG
VDPSOHV� ZHUH� LPPHGLDWHO\� WUDQVIHUUHG� WR
SODVWLF�FRQWDLQHUV�RU�SRO\WKHQH�FRYHUV��EURXJKW
WR�WKH�ODERUDWRU\�DQG�SURFHVVHG�

$OO�VDPSOHV�ZHUH�LQLWLDOO\�VXEMHFWHG�WR
GLUHFW�VPHDU�H[DPLQDWLRQ��7KLV�ZDV� IROORZHG
E\�IORDWDWLRQ�XVLQJ�VDWXUDWHG�VRGLXP�FKORULGH
VROXWLRQ�LQ�RUGHU�WR�FRQFHQWUDWH�QHPDWRGH�DQG
FHVWRGH�HJJV�DQG�RRF\VWV�RI�FRFFLGLD��6ORVV

HW�DO���������7KLQ� IDHFDO�VPHDUV�RI�����FP LQ
GLDPHWHU�ZHUH�SUHSDUHG�VHSDUDWHO\�IURP�HDFK
VDPSOH��7KH�PXFRLG�SDUW�RI�WKH�IDHFHV��LI�DQ\�
ZDV� SUHIHUUHG� IRU� WKLV� SXUSRVH�� 7KH\� ZHUH
VFUHHQHG� IRU� WKH� � SUHVHQFH� RI� RRF\VWV� RI
&U\SWRVSRULGLXP�VS��XVLQJ�D�PRGLILHG�=LHKO�±
1HHOVHQ�VWDLQLQJ�PHWKRG��.XPDU�HW�DO���������
7KH� FROG� W\SH� RI� DSSURDFK� SHUIHFWHG� LQ� WKH
'HSDUWPHQW� RI� 3DUDVLWRORJ\�� 5DMLY� *DQGKL
&ROOHJH� RI� 9HWHULQDU\� 	�$QLPDO� 6FLHQFHV
�5$*$&29$6�SURWRFRO��ZDV� HPSOR\HG�� )RU
WKLV�SXUSRVH�WKLQ�VPHDUV�SUHSDUHG�DW�RQH�KDOI
RI�WKH�VOLGH�ZHUH�DLU�GULHG�DQG�IL[HG�E\�SDVVLQJ
RYHU� D� IODPH�� $IWHU� FRROLQJ� WR� DPELHQW
WHPSHUDWXUH�� WKH\�ZHUH� LPPHUVHG� LQ� FDUERO
IXFKVLQ�±�=1�VWURQJ��+,0(',$��NHSW�LQ�D�&RSOLQ
MDU� DQG� DOORZHG� WR� VWDLQ� IRU� ��PLQXWHV��7KH
VPHDUV�ZHUH�WDNHQ�RXW�DQG�ZDVKHG�LQ�UXQQLQJ
WDS�ZDWHU�� 7KH\�ZHUH� WKHQ� GHFRORXUL]HG� E\
LPPHUVLQJ� LQ� ���� VXOSKXULF� DFLG� LQ� D�&RSOLQ
MDU�IRU�RQH�PLQXWH��7KH�VPHDUV�ZHUH�WKHQ�WDNHQ
RXW��ZDVKHG�FRQWLQXRXVO\�WR�UHPRYH�WUDFHV�RI
DFLG� DQG� FRXQWHUVWDLQHG�ZLWK� ���0HWK\OHQH
EOXH� LQ�D�VLPLODU� IDVKLRQ�ZLWK�D�VWDLQLQJ� WLPH
RI���PLQXWHV��7KH\�ZHUH�ZDVKHG�DQG�DOORZHG
WR�GU\�E\�GUDLQLQJ��6FUHHQLQJ�IRU�RRF\VWV��ZDV
GRQH� XQGHU� KLJK� GU\� ���[�� REMHFWLYH� RI
2O\PSXV�±�&DPSXV�PLFURVFRSH��$�PLQLPXP
RI����� ILHOGV�ZHUH�H[DPLQHG�EHIRUH�JLYLQJ�D
QHJDWLYH� YHUGLFW�� &RQILUPDWLRQ� RI� WKH� RRF\VW
ZDV�GRQH�ZLWK����[�REMHFWLYH�

7KRVH�VDPSOHV�ZKLFK�ZHUH� IRXQG� WR
EH�SRVLWLYH�IRU�RRF\VWV�RI�(LPHULD�ZHUH�IXUWKHU
SURFHVVHG� IRU� VSRUXODWLRQ� XVLQJ� ����
SRWDVVLXP� GLFKURPDWH� VROXWLRQ�� 7KH\� ZHUH
PRQLWRUHG�DW����KU�LQWHUYDO�IRU�VSRUXODWLRQ�ZLWK
VXEVHTXHQW�UHFRUGLQJ�RI�WKH�GDWD��,GHQWLILFDWLRQ
ZDV� GRQH� EDVHG� RQ� YDULRXV� SDUDPHWHUV
�0DQGDO�� ������%KDWLD�������

5HVXOWV� �7DEOH� ��� LQGLFDWH� WKDW
LQIHFWLRQ�ZLWK�HLPHULLG�FRFFLGLD� LV�FRPPRQ�LQ
FDWWOH��VKHHS�DQG�JRDWV�LQ�WKH�UHJLRQ��7KRXJK
WKH� VWXG\�ZDV� FDUULHG� RXW� LQ� SHDN� VXPPHU

5HFHLYHG�����������
$FFHSWHG�����������
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&RFFLGLRVLV�DQG�FRQFXUUHQW�SDUDVLWLF�LQIHFWLRQV

GLIIHUHQW�VSHFLHV�RI�(LPHULD�DQG�RWKHU�SDUDVLWHV
ZHUH�REVHUYHG��7KH�VHYHULW\�RI�LQIHFWLRQ�ZDV
ORZ�RQ�DFFRXQW�RI�WKH�KLJK�WHPSHUDWXUH�ZKLFK
DOVR� UHVXOWHG� LQ� GHOHWHULRXV� HIIHFWV� RQ� WKH
PRUSKRORJ\� RI� VSRUXODWLQJ� RRF\VWV�� 7KLV
VHHPV� WR� EH� WKH� ILUVW� UHFRUG� RI� WKH� GLIIHUHQW
HLPHULDQ�IDXQD�RI�UXPLQDQWV�LQ�WKH�UHJLRQ�
6XPPDU\

$� SUHOLPLQDU\� DWWHPSW�ZDV�PDGH� WR
VWXG\� WKH� RFFXUUHQFH� RI� HLPHULG� FRFFLGLDQ
LQIHFWLRQV� LQ�UXPLQDQWV� LQ�FHUWDLQ� ORFDWLRQV�RI
WKH�3XGXFKHUU\� UHJLRQ�RI� WKH�8QLRQ�7HUULWRU\
RI�3XGXFKHUU\�GXULQJ� WKH�VXPPHU�PRQWKV�RI
������ 6L[� VSHFLHV� RI�(LPHULD� ZHUH� IRXQG� WR
LQIHFW� FDWWOH��*RDWV�ZHUH� LQIHFWHG�ZLWK� HLJKW
VSHFLHV� RI�(LPHULD� ZKLOH� VKHHS� KDG� VHYHQ
VSHFLHV�LQIHFWLQJ�WKHP��$OPRVW�DOO�WKH�DIIHFWHG
DQLPDOV�KDG�FRQFXUUHQW�SDUDVLWLF�LQIHFWLRQV�DV
ZHOO�
$FNQRZOHGJPHQW

7KH�DXWKRUV�ZLVK�WR�WKDQN�WKH�'HDQ�
5DMLY�*DQGKL�&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO
VFLHQFHV� IRU� WKH� IDFLOLWLHV� SURYLGHG�� +HOS
UHQGHUHG� E\� WKH� KHDGV� RI� GHSDUWPHQWV� RI
3DUDVLWRORJ\�DQG�/30�DUH�JUDWHIXOO\� DFNQRZ
OHGJHG�

7DEOH����5HVXOWV�RI�H[DPLQDWLRQ�RI�GXQJ�VDPSOHV�RI�UXPLQDQWV

5HIHUHQFHV
%KDWLD�� %�%�� ������7H[WERRN� RI� 9HWHULQDU\

3URWR]RRORJ\�� �VW� HG�� ,QGLDQ�&RXQFLO
RI��$JULFXOWXUDO�5HVHDUFK��1HZ�'HOKL�
��������

.XPDU�� '��� 6UHHNULVKQDQ��5�� DQG�'DV�� 6�6�
������&U\SWRVSRULGLRVLV� LQ�PDQ� DQG
DQLPDOV�LQ3RQGLFKHUU\��,QGLDQ�-��$QLP�
6FL���������±����

0DQGDO�� $�.�� ������ )DXQD� RI� ,QGLD� DQG
DGMDFHQW�FRXQWULHV�3URWR]RD�6SRUR]RD
(XFRFFLGLLGD� (LPHULLGDH�� �VW� HG�
=RRORJLFDO�6XUYH\�RI� ,QGLD��&DOFXWWD�
SS�����±����

6ORVV�� 0�:��� .HPS�� 5�/�� DQG� =DMDF��$�0�
������9HWHULQDU\�&OLQLFDO�3DUDVLWRORJ\�
�WK��HG��,QWHUQDWLRQDO�%RRN�'LVWULEXWLQJ
&R���/XFNQRZ��SS���±��

6DPDQWKD�5��-RVHSKï��6DQJD\�5LQFKHQï�
6ZHWKD�5DQL�6DWKLJDULï��6XVDQQDK�%��3KLOLSï�
6XU\D�.XPDU�0DXU\Dï�DQG
5��6UHHNULVKQDQð
'HSDUWPHQW�RI�3DUDVLWRORJ\�
5DMLY�*DQGKL�&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV�
.XUXPEDSHW��3XGXFKHUU\�±��������

����9HWHULQDU\�*UDGXDWHV
ð��$VVLVWDQW�3URIHVVRU�6*�


