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, KHUHE\ GHFODUH WKDW WKLV GLVVHUWDWLRQ HQWLWOHG ³,1)8(1=$� $1'� %$&7(5,$/� &2�

,1)(&7,21 � $ 6\VWHPDWLF 5HYLHZ´LV�ERQDILGH�DQG�JHQXLQH�UHVHDUFK�ZRUN�FDUULHG�RXW�E\�PH�

XQGHU� WKH� JXLGDQFH� RI�'U�7DVQHHP�6LGGLTXL� 'HSDUWPHQW�RI�0LFURELRORJ\�� ,QWHJUDO� ,QVWLWXWH�RI�

0HGLFDO�6FLHQFHV�DQG�5HVHDUFK� /XFNQRZ�
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(VWDEOLVKHG 8QGHU 8�3� $FW 1R� �� RI ���� E\ 6WDWH /HJLVODWLRQ
$SSURYHG E\ 8QLYHUVLW\ *UDQWV &RPPLVVLRQ
3KRQH 1R�����������������������������������������
)D[ 1R�������������
.XUVL 5RDG� /XFNQRZ�������� 8WWDU 3UDGHVK�,1',$�
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7KLV� LV� WR� FHUWLI\� WKDW� WKH� GLVVHUWDWLRQ� HQWLWOHG� ³,1)/8(1=$� $1'� %$&7(5,$/� &2�

,1)(&7,21 � $ 6\VWHPDWLF 5HYLHZ´ LV� ERQDILGH� DQG� JHQXLQH� UHVHDUFK� ZRUN� FDUULHG� RXW� E\�

$QLO�JDXWDP� XQGHU�WKH�JXLGDQFH�RI�'U� 7DVQHHP�VLGGLTXH $VVLVWDQW� 3URIHVVRU��'HSDUWPHQW�RI�

0LFURELRORJ\��,,06	5��/XFNQRZ� LQ�SDUWLDO� IXOILOPHQW�RI UHTXLUHPHQW�IRU�WKH�GHJUHH�RI�0DVWHU�

RI�6FLHQFH� LQ�0HGLFDO�0LFURELRORJ\��7KH� UHVHDUFK�PHWKRGV DQG�SURFHGXUH�GHVFULEHG�KDYH EHHQ�

GRQH� E\� WKH� FDQGLGDWH� DQG� WKH� UHVXOWV� KDYH� EHHQ� REVHUYHG� E\ WKH JXLGH DQG FR�JXLGHV

SHULRGLFDOO\�
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7KLV� LV� WR� FHUWLI\� WKDW� WKH� GLVVHUWDWLRQ� HQWLWOHG� ³,QIOXHQ]D� DQG� EDFWHULDO� FR�LQIHFWLRQ � $

6\VWHPDWLF 5HYLHZ´ LV� ERQDILGH� DQG� JHQXLQH� UHVHDUFK� ZRUN� FDUULHG� RXW� E\� $QLO� *DXWDP LQ�

SDUWLDO�IXOILOPHQW�RI�WKH QHFHVVLW\ IRU WKH GHJUHH RI 0DVWHUV RI 6FLHQFH LQ 0HGLFDO 0LFURELRORJ\�

7KH UHVHDUFK PHWKRGV DQG SURFHGXUHV GHVFULEHG DUH GRQH E\ WKH FDQGLGDWH DQG UHVXOWV DUH REVHUYHG

E\ WKH JXLGH DQG FR�JXLGHV SHULRGLFDOO\�
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6\VWHPDWLF 5HYLHZ´ LV� ERQDILGH� DQG� JHQXLQH� UHVHDUFK� ZRUN� FDUULHG� RXW� E\� $QLO� *DXWDP LQ�

SDUWLDO IXOILOPHQW�RI�WKH QHFHVVLW\ IRU WKH GHJUHH RI 0DVWHUV RI 6FLHQFH LQ 0HGLFDO 0LFURELRORJ\�

7KH UHVHDUFK PHWKRGV DQG SURFHGXUHV GHVFULEHG DUH GRQH E\ WKH FDQGLGDWH DQG UHVXOWV DUH REVHUYHG

E\ WKH JXLGH DQG FR�JXLGHV SHULRGLFDOO\�
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,� KHUHE\� GHFODUH� WKDW� ,QWHJUDO� ,QVWLWXWH� RI�0HGLFDO� 6FLHQFHV� DQG�5HVHDUFK�� ,QWHJUDO�8QLYHUVLW\�

/XFNQRZ� VKDOO� KDYH� WKH� ULJKWV� WR� SUHVHUYH�� XVH� DQG� GLVVHPLQDWH� WKLV� GLVVHUWDWLRQ� LQ� SULQW� RU

HOHFWURQLF IRUPDW IRU DFDGHPLF RU UHVHDUFK SXUSRVH�

, ZLOO SXEOLVK WKH UHVHDUFK SDSHU UHODWHG WR P\ GLVVHUWDWLRQ RQO\ ZLWK WKH FRQVHQW RI P\ JXLGH�
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7KDQNV�WR�WKH�$OPLJKW\�*RG�IRU�JLYLQJ�PH�WKLV�RSSRUWXQLW\��VWUHQJWK�DQG�HQHUJ\�WR�ILQLVK�WKLV

VWXG\�

,� DP� WKDQNIXO� WR� WKH� ,QWHJUDO� 8QLYHUVLW\�� /XFNQRZ� DQG� HQWLUH�0LFURELRORJ\� 'HSDUWPHQW� IRU

SURYLGLQJ�WKH�RSSRUWXQLW\��ODERUDWRU\�HTXLSPHQW��PDWHULDOV��DQG�LWV�YDOXDEOH�VXSSRUW��WR�FRPSOHWH

WKLV VWXG\�

)LUVW� DQG� IRUHPRVW�� ,� DP� H[WUHPHO\� WKDQNIXO� WR�'U 1RRU� -DKDQ� IRUPHU 3URIHVVRU DQG� +HDG��

'HSDUWPHQW�RI�0LFURELRORJ\��,,06	5��ZKRVH�EHQHYROHQW�JXLGDQFH�DQG�FRQVWDQW HQFRXUDJHPHQW

KHOSHG PH D ORW GRLQJ P\ GLVVHUWDWLRQ�

, H[SUHVV P\ KHDUWIXO JUDWLWXGH DQG UHJDUGV WR RXU HVWHHPHG WHDFKHU DQG P\ JXLGH 'U�7DVQHHP�

6LGGLTXH� 3URIHVVRU� DQG� +HDG�� 'HSDUWPHQW� RI� 0LFURELRORJ\�� ,,06	5�� IRU� SURYLGLQJ� H[FHOOHQW�

JXLGDQFH� PRWLYDWLRQ DQG NHHS LQWHUHVW LQ P\ GLVVHUWDWLRQ� ,W ZDV D JUHDW RSSRUWXQLW\ DQG

ZRQGHUIXOH[SHULHQFH WR ZRUN XQGHU KHU VXSHUYLVLRQ�

,�H[SUHVV�P\�KHDUWLHVW�WKDQNV�WR�'U��6DUYHU�-DKDQ��$VVLVWDQW�3URIHVVRU���'U��6ZDWL�6ULYDVWDYD

�$VVLVWDQW 3URIHVVRU�� 0UV� 6DQGHHSLND 'XEH\� 'U� .DUXQD .DWL\DU� )DFXOW\ PHPEHUV�

'HSDUWPHQW RI 0LFURELRORJ\� ,,06	5 IRU WKHLU UHDG\ WR KHOS� VXSSRUW DQG JXLGDQFH�

, DP DOVR WKDQNIXO WR0U� 6DOPDQ �&RPSXWHU 2SHUDWRU� DQG DOO WHDFKLQJ DQG QRQ� WHDFKLQJ VWDII

RI�0LFURELRORJ\�'HSDUWPHQW�IRU�SURYLGLQJ�ODERUDWRU\�IDFLOLWLHV�DQG�JXLGDQFH�GXULQJ�WKH�SHULRG�RI

ZRUN�
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,�ZRXOG�DOVR�SD\�P\� VSHFLDO� WKDQNV� WR�P\�EDWFKPDWHV�$QDQG NXPDU��6KLYDP�NXPDU��6XUDM�
NXPDU DQG�IRU�WKHLU�FRQWLQXRXV�KHOS�DQG�FR�RSHUDWLRQ�GXULQJ�WKH�SHULRG�RI�ZRUN�

)LQDOO\�� 6SHFLDO� WKDQNV� WR� P\ )DWKHU	 0RWKHU�0U�%DODNUDP� 	 6PW 7DUD� GHYL�� DQG� P\�
%URWKHU� ±%UDMPRKDQ�$QNLW ZKR� HQFRXUDJHG�PH� WR� ZRUN� KDUG� DQG� QRW� WR� ZRUU\� DERXW� WKH�
UHVXOWV�
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7KH� LQIOXHQ]D� YLUXV� LV� D� PHPEHU� RI� WKH� 2UWKRP\[RYLULGDH� IDPLO\� DQG� FRQWDLQV� ULERQXFOHLF� DFLG�

�51$��DV�LWV�QXFOHLF�DFLG��7KH�LQIOXHQ]D�$�DQG�%�YLUXVHV�DUH�WKH�PRVW�FRPPRQ�YLUXVHV�WKDW� FDXVH�

UHVSLUDWRU\�GLVHDVH�LQ�KXPDQV�������

3UHYLRXV� VWXGLHV� VXJJHVWHG� WHPSRUDO� UHODWLRQVKLS� EHWZHHQ� LQIOXHQ]D� DQG� FR�LQIHFWLRQ� LQGHHG�

UHWURVSHFWLYH�DQDO\VLV�RI�OXQJ�ELRSVLHV�RI�SDWLHQWV�ZKR�GLHG�IURP�LQIOXHQ]D�LQ�WKH�SDQGHPLF�RI������

VXJJHVWHG� EDFWHULDO� VXSHU� LQIHFWLRQ� RI� WKH� OXQJ������ 'HVSLWH� WKH� IDFW� WKDW� LQIOXHQ]D�%� YLUXVHV� DUH�

DOPRVW�HQWLUHO\� IRXQG� LQ� KXPDQV�� LQIOXHQ]D�$�YLUXVHV� �,$96��FLUFXODWH�ZLWKLQ� WKH�SRSXODWLRQ�DV�D�

\HDUO\�UHFXUULQJ�HSLGHPLF�LOOQHVV�DQG�HPHUJH�IURP�D�ODUJH�]RRQRWLF�UHVHUYRLU�������

+XPDQ� LQIOXHQ]D� YLUXV� LQIHFWLRQV� SULPDULO\� UHSOLFDWH� HSLWKHOLXP�� EXW� RWKHU� FHOO� W\SHV�� LQFOXGLQJ�

PDQ\�LPPXQH�FHOOV��FDQ�EH�LQIHFWHG�E\�WKH�HQG�DQG�ZLOO�LQLWLDWH�YLUDO�SURWHLQ�SURGXFWLRQ�����

3UHYLRXVO\��UHVHDUFKHUV� LQYHVWLJDWHG�WKH�SUHYDOHQFH�RI� VSHFLILF�EDFWHULDO�VSHFLHV� LQ� LQIOXHQ]D�FDVHV��

IRFXVLQJ�RQ�WKH�SUHVHQFH�RI�PHWKLFLOOLQ�UHVLVWDQW��VWDSK\ORFRFFXV�DXURXV��>056$@��������

+RZHYHU�� SUHOLPLQDU\� VWXGLHV� RI� WKH� +�1�� LQIOXHQ]D� YLUXV� GHVFULEH� IHZ� GHWDLOV� RI� SDWLHQWV� ZLWK�

EDFWHULDO� FR�LQIHFWLRQ� DQG� WKH� UHDVRQDEOH� VHOHFWLRQ� RI� DQWLELRWLF� WKHUDS\� IRU� WKH� PRVW� FRPPRQ�

SDWKRJHQ� DV� ZHOO� DV� DQ� DFFXUDWH� GLDJQRVLV� PDUNHU� EHIRUH� REWDLQLQJ� D� SRVLWLYH� FXOWXUH� IRU� WKLV�

SRWHQWLDOO\�IDWDO�GLVHDVH������

%DFWHULDO� FR�LQIHFWLRQ� LV� D� PDMRU� FDXVH� RI� PRUELGLW\� DQG� PRUWDOLW\� LQ� LQIOXHQ]D� SDWLHQWV� ������

5HJDUGOHVV�RI�ZKHWKHU�WKH�LQIHFWLRQ� LV�VHDVRQDO�RU�FDXVHG�E\�D�QRYHO�YLUXV�� WKH�WZR�PRVW�FRPPRQ�
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FR�LQIHFWLQJ RUJDQLVPV�DUH�6WUHSWRFRFFXV�SQHXPRQLD�DQG�6WDSK\ORFRFFXV�DXUHXV�������+RZHYHU��QR�

FDVH�UHSRUWV�RI�LQIOXHQ]D�DQG�3VHXGRPRQDV�DHUXJLQRVD�FR�LQIHFWLRQ ZHUH�IRXQG�LQ�WKH�OLWHUDWXUH�

$����\HDU�ROG�ZRPDQ�ZLWK�G\VSQHD�DQG�D�RQH�ZHHN�KLVWRU\�RI�IHYHU��FRXJK��DQG�PDODLVH�SUHVHQWHG�

WR�WKH�HPHUJHQF\�GHSDUWPHQW��+HU�LQLWLDO�WHPSHUDWXUH�ZDV������GHJUHHV�&HOVLXV��KHU�KHDUW� UDWH�ZDV�

����EHDWV�SHU�PLQXWH��KHU�EORRG�SUHVVXUH�ZDV�������PP+J��DQG�KHU�UHVSLUDWRU\�UDWH�ZDV����EUHDWKV�

SHU�PLQXWH��ZLWK�DQ�R[\JHQ�VDWXUDWLRQ�RI����SHUFHQW�ZKLOH�EUHDWKLQJ�R[\JHQ�DW���/�PLQ��7KH�ZKLWH�

FHOO�FRXQW�ZDV�����PP���ZLWK������SHUFHQW�QHXWURSKLOV�������SHUFHQW�O\PSKRF\WHV��DQG������SHUFHQW�

PRQRF\WHV��7KH�UDSLG�LQIOXHQ]D�DQWLJHQ�WHVW�FDPH�EDFN�QHJDWLYH��,Q�ERWK�OXQJV��D�FKHVW�UDGLRJUDSK�

UHYHDOHG� SDWFK\� LQILOWUDWHV�� ,QWUDYHQRXV� SLSHUDFLOOLQ�WD]REDFWDP� ����� PJ� HYHU\� �� KRXUV� DQG� RUDO�

RVHOWDPLYLU�����PJ�WZLFH�GDLO\�ZHUH�JLYHQ�

3DWFK�GHQVLWLHV�DQG�JURXQG�JODVV�RSDFLW\�ZHUH�VHHQ�RQ�FRPSXWHG�WRPRJUDSK\�RI�WKH�FKHVW��'XH�WR�

WKH�UDSLG�GHWHULRUDWLRQ�RI�WKH�UHVSLUDWRU\�FRQGLWLRQ�DQG�UHIUDFWRU\�VKRFN��DQ�HPHUJHQF\�HQGRWUDFKHDO�

LQWXEDWLRQ�ZLWK�PHFKDQLFDO� YHQWLODWLRQ�DQG�H[WUDFRUSRUHDO�PHPEUDQH�R[\JHQDWLRQ�ZDV�SHUIRUPHG��

*UDP� VWDLQLQJ� RI� EURQFKLDO� DOYHRODU� ODYDJH� UHYHDOHG� JUDP�QHJDWLYH� EDFLOOL� ZLWK� D� ODFN� RI�

SKDJRF\WHV��'HVSLWH� UHFHLYLQJ� KLJKO\� LQWHQVLYH� FDUH�� WKH� SDWLHQW� GLHG� ��� KRXUV� DIWHU� DUULYLQJ��7KH�

7DLZDQ� &HQWHU� IRU� 'LVHDVH� &RQWURO� IRXQG� LQIOXHQ]D� $� �+�1��� SGP��� LQ� D� SRO\PHUDVH� FKDLQ�

UHDFWLRQ� DQDO\VLV� RI� D� QDVRSKDU\QJHDO� VZDE� ������ 3�� DHUXJLQRVD� ZDV� IRXQG� LQ� EORRG� DQG� VSXWXP�

FXOWXUHV�WZR�GD\V�DIWHU�WKH�SDWLHQW�GLHG�

3�� DHUXJLQRVD����� LVRODWHV
� DQWLPLFURELDO� VXVFHSWLELOLW\� ZDV� GHWHUPLQHG� XVLQJ� WKH� 3KRHQL[�
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$XWRPDWHG�0LFURELRORJ\�6\VWHP��%HFWRQ�'LFNLQVRQ��6SDUNV��0'��86$��

/DERUDWRU\� 6WDQGDUGV� ,QVWLWXWH� UHFRPPHQGDWLRQV� 3�� DHUXJLQRVD� LVRODWHG� IURP� WKH� EORRGVWUHDP� ZDV�

VXVFHSWLEOH� WR� LPLSHQHP� �PLQLPXP� LQKLELWRU\� FRQFHQWUDWLRQ� =� �� PJ�P/��� PHURSHQHP� �B�� PJ�P/���

D]WUHRQDP����PJ�P/���DPLNDFLQ��B��PJ�P/���FHIWD]LGLPH����PJ�P/���FHIHSLPH��B��PJ�P/���FLSURIOR[DFLQ�

�B����PJ�P/���JHQW�$�VHYHUH�DQG�SURORQJHG�LQIOXHQ]D�HSLGHPLF�ZDV�REVHUYHG�LQ�7DLZDQ�LQ������������DV�RI�

-XQH� ���� ������ WKHUH� ZHUH� ����� FRQILUPHG� VHYHUH� FRPSOLFDWHG� LQIOXHQ]D� FDVHV�� LQFOXGLQJ� ���� GHDWKV�� WKH�

PDMRULW\�RI�ZKLFK�RFFXUUHG�LQ�LQGLYLGXDOV�

$Q� LQIOXHQ]D� DQG� EDFWHULDO� FR�LQIHFWLRQ PRXVH� PRGHO� VWXG\� GLVFRYHUHG� WKDW� W\SH� ,� LQWHUIHURQ�DVVRFLDWHG�

VXSSUHVVLRQ� RI� W\SH� ��� LPPXQLW\� DQG� DQWLPLFURELDO� SHSWLGH� SURGXFWLRQ� GXULQJ� LQIOXHQ]D� LQFUHDVHG� KRVW�

VXVFHSWLELOLW\�WR�3��DHUXJLQRVD�FR�LQIHFWLRQ��+RZHYHU��QR�GHILQLWLYH�UHODWLRQVKLS�KDV�EHHQ�HVWDEOLVKHG��(YHQ�

WKRXJK�RVHOWDPLYLU�DQG�HPSLULFDO�DQWLELRWLFV�ZHUH�DGPLQLVWHUHG�HDUO\��RXU�SDWLHQW�GLHG��2QH�VWXG\�IRXQG�WKDW�

DIWHU� XVLQJ� SHUDPLYLU�� SDWLHQWV� ZLWK� FRPSOLFDWHG� LQIOXHQ]D� KDG� D� ��� SHUFHQW� FKDQFH� RI� VXUYLYDO� ������

3HUDPLYLU�PD\�EH�DQ�RSWLRQ�IRU�WUHDWLQJ�DFXWH�LQIOXHQ]D�LQIHFWLRQ��%HFDXVH�3��DHUXJLQRVD�LV�D�SDWKRJHQ�WKDW�

FDQ�FR�LQIHFW�ZLWK�LQIOXHQ]D�$�+�1��SGP����FOLQLFLDQV�VKRXOG�NHHS�WKLV�LQ�PLQG�ZKHQ�WUHDWLQJ�SDWLHQWV�ZKR�

KDYH�LQIOXHQ]D�DVVRFLDWHG�SQHXPRQLD�DQG�VHYHUH�OHXNRSHQLD�

$� WLPHO\� DQWLYLUDO� DJHQW� DQG� DQWLELRWLF� XVH� FRXOG� VDYH� D� OLIH��7KH� ����� LQIOXHQ]D� �+�1��� SDQGHPLF� NLOOHG�

RYHU����PLOOLRQ�SHRSOH�ZRUOGZLGH��-RKQVRQ�DQG�0XHOOHU��������0RUHQV�HW�DO����������7KH�PDMRULW\�RI�GHDWKV�

ZHUH�FDXVHG�E\�EDFWHULDO�FR�LQIHFWLRQ UDWKHU�WKDQ�GLUHFW�YLUXV�HIIHFWV�

6LPLODUO\��GXULQJ�WKH������LQIOXHQ]D�SDQGHPLF��EDFWHULDO�FR�LQIHFWLRQ ZDV�SRVLWLYHO\�FRUUHODWHG�ZLWK�
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,$9�FDXVHG� PRUWDOLW\�� DQG� QHDUO\� ��� SHUFHQW� RI� FULWLFDOO\� LOO� LQIOXHQ]D� SDWLHQWV� KDG� EDFWHULDO� FR�

LQIHFWLRQ�

,Q� SDWLHQWV� LQ� LQWHQVLYH� FDUH� XQLWV�� EDFWHULD� VXFK� DV� 6WUHSWRFRFFXV� SQHXPRQLDH� �6�3��� JURXS� $�

VWUHSWRFRFFXV��*$6���6WDSK\ORFRFFXV�DXUHXV��DQG�+DHPRSKLOXV�LQIOXHQ]DH��+�,��DJJUDYDWH�WKHLU�

LOOQHVV� �(VWHQVVRUR� HW� DO��� ������)DULDV� HW� DO��� ������5LFH� HW� DO�� �������$QWLELRWLF� XVH�PD\� UHGXFH�

LQIOXHQ]D�UHODWHG�GHDWKV�E\�OLPLWLQJ�EDFWHULDO�FR�LQIHFWLRQV�

+RZHYHU��DV�EDFWHULDO�DQWLELRWLF� UHVLVWDQFH� ULVHV�� ,$9�FDXVHG�EDFWHULDO� FR�LQIHFWLRQ ZLOO� LQHYLWDEO\�

EHFRPH�RQH�RI�WKH�OHDGLQJ�FDXVHV�RI�VHYHUH�SQHXPRQLD�DQG�EDFWHULDO�UHODWHG�LQYDVLYH�GLVHDVHV�������

8QGHUVWDQGLQJ�WKH�XQGHUO\LQJ�PHFKDQLVPV�RI�,$9�EDFWHULDO�FR�LQIHFWLRQ LV�WKHUHIRUH�FULWLFDO�IRU�WKH�

GHYHORSPHQW�RI�QHZ�GUXJV�DJDLQVW�,$9�EDFWHULDO�FR�LQIHFWLRQ��*$6�LV�DQ�RSSRUWXQLVWLF�SDWKRJHQLF�

VWUHSWRFRFFL� WKDW� XVXDOO\� FDXVHV� FKURQLF� GLVHDVHV� OLNH� SKDU\QJLWLV�� EXW� FDQ� DOVR� FDXVH� VHYHUH��

LQYDVLYH�LQIHFWLRQV�OLNH�EDFWHUHPLD��QHFURWLF�IDVFLOOWLV��DQG�SQHXPRQLD�

7KH� ILUVW� VWHS� LQ� *$6� LQIHFWLRQ� LV� DGKHVLRQ� WR� KRVW� WLVVXH�� ZKLFK� LV� PHGLDWHG� E\� FHOO� DGKHVLRQ�

PROHFXOHV�VXFK�DV�ILEURQHFWLQ��LQWHJULQV��DQG�FOXVWHU�RI�GLIIHUHQWLDWLRQ�����&'���������

,QIOXHQ]D�FDXVHV�ZLGHVSUHDG�DQQXDO�HSLGHPLFV�LQIHFWLQJ�XS�WR�����RI�WKH�SRSXODWLRQ�DQG�UHVXOWLQJ�

LQ�VLJQLILFDQW�PRUELGLW\�DQG�PRUWDOLW\�������&R�LQIHFWLQJ EDFWHULDO�SDWKRJHQV�DUH�D�PDMRU�FDXVH�RI�

WKDW�PRUELGLW\� DQG�PRUWDOLW\� DQG� DUH� DVVRFLDWHG�ZLWK� ERWK� SDQGHPLF� DQG� VHDVRQDO� LQIOXHQ]D� YLUXV�

LOOQHVV���� �� /XQJ� WLVVXH� VDPSOHV� IURP� WKH� ����� LQIOXHQ]D +RZHYHU�� WKH� NH\� KRVW� IDFWRUV� WKDW�

FRQWULEXWH�WR�,$9�LQGXFHG�EDFWHULDO�FR�LQIHFWLRQ UHPDLQ�XQNQRZQ��&\FORSKLOLQ�$��&\S$��HQFRGHG�
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E\�33,$�� LV�D�KLJKO\�FRQVHUYHG�SHSWLG\O�SURO\O�FLV�WUDQV� LVRPHUDVH��33,DVH���)LVFKHU�HW�DO����������

&\S$� LV� WKH�SULPDU\� LQWUDFHOOXODU� UHFHSWRU�RI� WKH�LPPXQRVXSSUHVVLYH�GUXJ�F\FORVSRULQH�$� �&V$���

ZKLFK�LV�FRPPRQO\�XVHG�LQ�WUDQVSODQWDWLRQ�PHGLFLQH�WR�LQKLELW�7�FHOO�IXQFWLRQ�E\�ELQGLQJ�WR�&\S$��

�����

$FFRUGLQJ� WR� WKH� SDQGHPLF�� WKH� PDMRULW\� RI� WKH� HVWLPDWHG� ������PLOOLRQ� GHDWKV� ZHUH� FDXVHG� E\�

EDFWHULDO�LQIHFWLRQV�UDWKHU�WKDQ�E\�GLUHFW�HIIHFWV�RI�WKH�SDQGHPLF YLUXV����

,Q� VHDVRQDO� HSLGHPLFV�� LQIOXHQ]D� EDFWHULDO� FR�LQIHFWLRQ LV� OLQNHG� WR� DQ� LQFUHDVH� LQ�

KRVSLWDOL]DWLRQV���� PRUH�VHYHUH�V\PSWRPV����DQG�DQ�LQFUHDVH�LQ�PRUWDOLW\�������9LUDO�GDPDJH�WR�WKH�

UHVSLUDWRU\� WUDFW
V�HSLWKHOLDO� OLQLQJ� LV� WKRXJKW� WR� IDFLOLWDWH� WKH�HVWDEOLVKPHQW�RI�EDFWHULDO� LQIHFWLRQV�

*LYHQ� WKH� VLJQLILFDQW� V\PSWRP� RYHUODS� EHWZHHQ� LQIOXHQ]D� DQG� EDFWHULDO� LQIHFWLRQV�� LW� FDQ� EH�

GLIILFXOW� WR� LGHQWLI\� LQIOXHQ]D� SDWLHQWV� ZKR� KDYH� EDFWHULDO� FR�LQIHFWLRQV� FOLQLFDOO\� ������ 7KH�

LGHQWLILFDWLRQ� RI� FRLQIHFWHG� SDWLHQWV� DQG� WKH� SDWKRJHQ� WKDW� LQIHFWV� WKHP�DOORZV� FOLQLFLDQV� WR� EHJLQ�

DSSURSULDWH�DQWLELRWLF� WKHUDS\�DQG� LPSURYH�SDWLHQW�RXWFRPHV�������3ULRU�UHVHDUFK�KDV� ORRNHG�DW�WKH�

SUHYDOHQFH� RI� VSHFLILF� EDFWHULDO� VSHFLHV� LQ� LQIOXHQ]D� FDVHV� ��������� 'HVSLWH� WKH� SUHVHQFH� RI�

PHWKLFLOOLQ�UHVLVWDQW� 6�������� DXUHXV� �056$�������� WKH� IUHTXHQF\� RI� RYHUDOO� FR�LQIHFWLRQ LQ�

LQIOXHQ]D� SDWLHQWV� UHPDLQV� XQNQRZQ� ��������� :H� FRQGXFWHG� D� V\VWHPDWLF� UHYLHZ� WR� GHWHUPLQH�

���������WR�GHWHUPLQH�WKH�IUHTXHQF\�RI�EDFWHULDO�FR�LQIHFWLRQV�LQ�SDWLHQWV�ZLWK�ODERUDWRU\�FRQILUPHG�

LQIOXHQ]D�DQG�WKH�PRVW�FRPPRQ�FRPPRQ�FR�LQIHFWLQJ EDFWHULDO�VSHFLHV�������

&RPPXQLW\�DFTXLUHG� SQHXPRQLD� �&$3�� UHPDLQV� D� OHDGLQJ� FDXVH� RI� PRUELGLW\� DQG� PRUWDOLW\�
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ZRUOGZLGH� ��������� ,W� DFFRXQWV� IRU� RYHU� ����PLOOLRQ� RXWSDWLHQW� DQG� HPHUJHQF\� URRP� YLVLWV� LQ� WKH�

8QLWHG�6WDWHV�HDFK�\HDU��UHVXOWLQJ�LQ������DGPLVVLRQV�SHU��������DGXOWV�SHU�\HDU��ZLWK�KLJKHU�UDWHV�LQ�

WKH� HOGHUO\� ��������� $� UHYLHZ� RI� ��� VWXGLHV� RQ� WKH� SUHYDOHQFH� RI� &$3� DPRQJ� DGXOWV� LQ� (XURSH�

GLVFRYHUHG� WKDW� LWV�SUHYDOHQFH� YDULHG�E\�FRXQWU\��DJH��DQG�JHQGHU��$�SRSXODWLRQ�EDVHG� ����FRKRUW�

VWXG\�RI��������SDWLHQWV�DJHG����\HDUV�FRQGXFWHG�LQ�6SDLQ�IRXQG�DQ�LQFLGHQFH�RI����FDVHV�SHU������

SHUVRQ�\HDUV������

7KH�SURJQRVLV�RI�&$3�SDWLHQWV�YDULHV�JUHDWO\�DV�ZHOO����������,W�LV�ZRUWK�QRWLQJ�WKDW�LQ�KRVSLWDO����

�,&8������� 2WKHU� WKDQ� DJH�� FRPRUELGLWLHV�� IUDLOW\�� FDUGLRYDVFXODU� FRPSOLFDWLRQV�� LQIODPPDWRU\�

UHVSRQVH��DQG�DHWLRORJ\�DUH�DOO� DVVRFLDWHG�ZLWK�PRUWDOLW\�������������6WUHSWRFRFFXV�SQHXPRQLDH� LV�

VWLOO� WKH� PRVW� FRPPRQO\� LGHQWLILHG� EDFWHULD� LQ� &$3� SDWLHQWV�� GHVSLWH� WKH� IDFW� WKDW� WKH� RYHUDOO�

LQFLGHQFH� RI� SQHXPRFRFFDO� SQHXPRQLD DSSHDUV� WR� EH� GHFUHDVLQJ� LQ� VRPH� LQVWLWXWLRQV�� DQG��

LQWHUHVWLQJO\��UHVSLUDWRU\�YLUXVHV�DUH�EHFRPLQJ�PRUH�FRPPRQ����������7UDGLWLRQDO�PLFURELRORJLFDO�

DQDO\VLV�LGHQWLILHV�QR�SDWKRJHQV�LQ�XS�WR����SHUFHQW�RI�FDVHV�

'D\�PRUWDOLW\�UDQJHV�IURP����WR������ULVLQJ�WR�����LQ�SDWLHQWV�DGPLWWHG�WR�WKH�LQWHQVLYH�FDUH�XQLW

RI�LQVWDQFHV�� 7KH�GHWHFWLRQ�RI�YLUDO�DQG�EDFWHULDO�FR�LQIHFWLRQ �9%&��LQ�&$3�KDV�LQFUHDVHG�ZLWK�WKH�

GHYHORSPHQW� RI� PXOWLSOH� PROHFXODU� GHWHFWLRQ� WHVWV� ��������� $� SURVSHFWLYH� VWXG\� RI� ��� DGXOWV�

DGPLWWHG� WR� ,&8V� ZLWK� &$3� IRXQG� WKDW� ��� SHUFHQW� RI� WKRVH� WUHDWHG� ZLWK� YLUDO� SRO\PHUDVH� FKDLQ�

UHDFWLRQ��3&5��WHFKQLTXHV�KDG�9%&��7KH�UROH�RI�9%&��RQ�WKH�RWKHU�KDQG��LV�GHEDWDEOH�EHFDXVH�WKH�

SUHVHQFH�RI�EDFWHULD� LQ�WKH�DLUZD\�FDQ� OHDG�WR�YLUDO�UHSOLFDWLRQ�DQG�YLFH YHUVD��)XUWKHUPRUH��XS�WR�

����RI� KHDOWK\� SHRSOH�ZKR� WHVWHG� SRVLWLYH� IRU� LQIOXHQ]D� YLUXVHV� LQ� WKHLU� QDVDO� HSLWKHOLXP�GR�QRW�
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GHYHORS�GLVHDVH���������

*LYHQ� WKH� OLPLWDWLRQV� RI� SUHYLRXV� UHVHDUFK�� WKH� UROH� RI� 9%&� LQ� LPPXQRFRPSHWHQW� DGXOWV�

KRVSLWDOLVHG� LQ�D�QRQ�,&8�VHWWLQJ�ZLWK�&$3�UHPDLQV�XQNQRZQ�������$V�D�UHVXOW�� WKH�FXUUHQW�VWXG\�

DLPV� WR� LGHQWLI\� ULVN� IDFWRUV�� FOLQLFDO� IHDWXUHV�� DQG� RXWFRPHV� RI�9%&�&$3� LQ� DGXOWV� DGPLWWHG� WR�

FRQYHQWLRQDO�ZDUGV�ZKR�GR�QRW�KDYH VHYHUH�LPPXQH�FRPSURPLVH������

5HVSLUDWRU\�YLUXVHV��VXFK�DV�LQIOXHQ]D�YLUXV��DUH�NQRZQ�WR�FDXVH�VHYHUH�GLVHDVH�DQG�WR�EH�OLQNHG�WR�

SQHXPRQLD��SDUWLFXODUO\�LQ�WKH�YHU\�\RXQJ�DQG�HOGHUO\�SRSXODWLRQV��DV�ZHOO�DV�LQ�SHRSOH�ZLWK�VHULRXV�

PHGLFDO�FRPRUELGLWLHV��)XUWKHUPRUH��UHVSLUDWRU\�YLUXV�LQIHFWLRQ�IUHTXHQWO\�LQFUHDVHV�VXVFHSWLELOLW\�

WR� VHFRQGDU\� EDFWHULDO� LQIHFWLRQV�� 7KH� PHFKDQLVPV� XQGHUO\LQJ� WKLV� YLUDO�EDFWHULDO� V\QHUJ\� KDYH�

UHPDLQHG�HOXVLYH��DQG�KDYH�SUHYLRXVO\�EHHQ�OLQNHG�WR�YLUXV�LQGXFHG�OXQJ�WLVVXH�GDPDJH���������

$�G\VIXQFWLRQDO�KRVW�DQWLEDFWHULDO�LPPXQH�UHVSRQVH�GXULQJ�LQIOXHQ]D�LQIHFWLRQ��KRZHYHU��KDV�EHHQ�

LPSOLFDWHG�DV� WKH�PDMRU�FRQWULEXWRU�WR� VHFRQGDU\� EDFWHULDO� VXVFHSWLELOLW\�XVLQJ� UHFHQWO\�GHYHORSHG�

DQLPDO�PRGHOV������,Q�WKLV�SDSHU��ZH�ZLOO�ORRN�DW�UHFHQW�VFLHQWLILF�DGYDQFHV�WKDW�KDYH�SURYLGHG�QHZ�

LQVLJKWV�LQWR�WKLV�PDMRU�FOLQLFDO�SUREOHP�

%DFWHULDO� SQHXPRQLD� LV� D� FRPPRQ� FRPSOLFDWLRQ� RI� LQIOXHQ]D� LQIHFWLRQ� ������ 6WUHSWRFRFFXV�

SQHXPRQLDH��6WDSK\ORFRFFXV�DXUHXV��+DHPRSKLOXV�LQIOXHQ]DH��DQG�6WUHSWRFRFFXV�S\RJHQHV�DUH�WKH�

PRVW�FRPPRQ�EDFWHULD�LQYROYHG�LQ�VHFRQGDU\�LQIHFWLRQV�������6XFK�FR�LQIHFWLRQV�PD\�EH�HVSHFLDOO\�

WURXEOHVRPH� GXULQJ� LQIOXHQ]D� SDQGHPLFV� ������ ,QGHHG�� H[DPLQDWLRQV� RI� SXEOLVKHG� DXWRSV\� FDVH�

UHSRUWV�UHYHDOHG�WKDW�����RI�GHDWKV�
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7KH������LQIOXHQ]D�SDQGHPLF�ZDV�PRVW�OLNHO\�FDXVHG�E\�VHFRQGDU\�SQHXPRFRFFDO�SQHXPRQLD�������

2QH�FRXOG�DUJXH�WKDW�EHFDXVH�DQWLELRWLFV�ZHUH�QRW�DYDLODEOH�LQ�������VHFRQGDU\�EDFWHULDO�LQIHFWLRQV�

ZRXOG�QRW�EH�D�VHULRXV�SUREOHP�WRGD\�

'HVSLWH� WKH� DYDLODELOLW\� RI� DQWLELRWLFV�� WKH� PDMRULW\� RI� GHDWKV� LQ� WKH� �������� �$VLDQ� LQIOXHQ]D��

SDQGHPLF�ZHUH�GXH�WR�VHFRQGDU\�EDFWHULDO�SQHXPRQLD��$FFRUGLQJ�WR�RQH�VWXG\������RI�FRQILUPHG�

IDWDO�FDVHV�RI� LQIOXHQ]D� LQ� WKH���������SDQGHPLF�KDG� EDFWHULRORJLFDO�DQG� KLVWRORJLFDO� HYLGHQFH�RI�

EDFWHULDO�SQHXPRQLD��PRVW� OLNHO\�FDXVHG�E\�6 7KH� UHPDLQLQJ� IDWDO�FDVHV�DSSHDUHG� WR�EH�SULPDULO\�

WKH� UHVXOW� RI� LQIOXHQ]D� YLUDO� SQHXPRQLD�� )XUWKHUPRUH�� GXULQJ� WKH� ����� +�1�� �VZLQH� IOX��

SDQGHPLF������RI�WKRVH�ZKR�GLHG�KDG�KLVWRORJLF�DQG�PLFURELRORJLF�HYLGHQFH�RI�EDFWHULDO�

SQHXPRQLD ������6XUSULVLQJO\��DFFRUGLQJ�WR�RQH�UHSRUW�����SHUFHQW�RI�WKH�FKLOGUHQ�ZKR�GLHG�IURP�WKH�

+�1��YLUXV�LQ�WKH�8QLWHG�6WDWHV�IURP�$SULO�WR�-XQH

6WDSK\ORFRFFXV� DXUHXV� RU� 6WDSK\ORFRFFXV� SQHXPRQLDH� ,Q� $XJXVW� ������ WKHUH� ZHUH� ODERUDWRU\�FRQILUPHG�

EDFWHULDO� FR�LQIHFWLRQV� LQ� DOO� VL[� FKLOGUHQ� ZLWK� FXOWXUH� RU� SDWKRORJ\� UHVXOWV� DQG� QR� UHFRJQLVHG�� KLJK�ULVN�

PHGLFDO�FRQGLWLRQV�

*LYHQ�WKH�GLIILFXOW\�DQG�XQFHUWDLQW\�LQ�GHWHFWLQJ�DQG�FXOWLYDWLQJ�EDFWHULD�IURP�WKH�OXQJV�RI�GHFHDVHG�

SDWLHQWV�� WKH� QXPEHU� RI� FR�LQIHFWHG� SDWLHQWV� LQ� DOO� RI� WKHVH� VWXGLHV� FRXOG� EH� VLJQLILFDQWO\� KLJKHU�

������ &R�LQIHFWLRQV�DUH�DOVR�D�UHFXUULQJ�SUREOHP�ZLWK�VHDVRQDO�LQIOXHQ]D�������,Q�WKH�8QLWHG�6WDWHV��

DSSUR[LPDWHO\� ������� SHRSOH� GLH� HDFK� \HDU� IURP� EDFWHULDO� LQIHFWLRQV�� DQG�PHWKLFLOOLQ�UHVLVWDQW� 6��



��

056$��0HWKLFLOOLQ�UHVLVWDQW�6WDSK\ORFRFFXV�DXUHXV��KDV�HPHUJHG�DV�D�JURZLQJ�SUREOHP� IRU�ERWK�

KRVSLWDO� DQG� FRPPXQLW\�DFTXLUHG� SQHXPRQLD�� )XUWKHUPRUH�� QHZ� 056$� YDULDQWV� FRQWLQXH� WR�

HPHUJH� DV� SXOPRQDU\� SDWKRJHQV�� DQG� KDYH� EHHQ� OLQNHG� WR� FRPPXQLW\� RXWEUHDNV� DV� ZHOO� DV�

SRVWLQIOXHQ]D�SQHXPRQLD� ������%DFWHULDO� FR�LQIHFWLRQV�DUH� WKRXJKW�WR�KDYH�FDXVHG�RYHU� WKH� ODVW����

\HDUV�������056$��LQ�IDFW��NLOOV�PRUH�SHRSOH�WKDQ�+,9������

7KH�PRXVH�LQIHFWLRQ�PRGHO� LV�ZLGHO\�XVHG�LQ�WKH�VWXG\�RI� LQIOXHQ]D�LQIHFWLRQ��,Q�ERWK�KXPDQV�DQG�

PLFH��LQIOXHQ]D�YLUXV�WLWHUV�LQ�WKH�OXQJ�SHDN�����GD\V�DIWHU�LQIHFWLRQ��DQG�WKH�YLUXV�WKHQ�EHJLQV�WR�EH�

FOHDUHG�� ZLWK� LQIHFWLRQ� QHDUO\� UHVROYHG� E\� GD\V� ������� ������ 0XULQH� 6HYHUDO� JURXSV� KDYH� DOVR�

HVWDEOLVKHG� PRGHOV� RI� YLUDO�EDFWHULDO� FR�LQIHFWLRQ�� DQG� WKHVH� PRGHOV� DSSHDU� WR� DFFXUDWHO\� PLPLF�

FOLQLFDO� REVHUYDWLRQV� UHJDUGLQJ� WKH� KLJK� VXVFHSWLELOLW\� WR� VHFRQGDU\� EDFWHULDO� LQIHFWLRQ� IROORVZLQJ�

LQIOXHQ]D�������ZLWK�JUHDWO\�LQFUHDVHG�GLVHDVH�VHYHULW\�DQG�IDWDOLW\�UDWHV�

7KH� PRVW� FRPPRQO\� XVHG� YLUDO� VWUDLQ� IRU� PXULQH� FR�LQIHFWLRQ VWXGLHV� LV� PRXVHDGDSWHG� +�1��

$�35�������EXW�QRQDGDSWHG�+�1��&$/�������KDV�DOVR�EHHQ�XVHG�������7KH�JUHDWHVW�VXVFHSWLELOLW\�LV�

XVHG�LQ�GLIIHUHQW�PRXVH�VWXGLHV��DQG�WKHVH�GLIIHUHQFHV�DUH�SULPDULO\�UHODWHG�WR�ZKHWKHU�WKH�LQGLYLGXDO�

IRFXV�LV�RQ�XQGHUVWDQGLQJ�LQIOXHQ]D�LQGXFHG�VXVFHSWLELOLW\�WR�VHFRQGDU\�

EDFWHULDO�LQIHFWLRQ�RU�WKH�UHVXOWLQJ�SRRU�GLVHDVH�RXWFRPH��0DQ\�VWXGLHV��IRU�H[DPSOH KDYH�XVHG�D�

KLJK�OHYHO�RI�EDFWHULDO�FKDOOHQJH�GRVHV��SDUWLFXODUO\�ZKHQ�VWXG\LQJ�LQIOXHQ]D�DQG�6�����DXUHXV�FR�

LQIHFWLRQ��ZKLFK�OHDGV�WR�H[WHQVLYH�QHXWURSKLO�UHFUXLWPHQW�DQG�H[DFHUEDWLRQ�RI�LQIODPPDWLRQ��D�



��

FOLQLFDO�IHDWXUH�WKDW�FDQ�HYHQWXDOO\�UHVXOW�LQ�EDFWHULDO SQHXPRQLD�DQG�D�SRRU�RXWFRPH�

6LPLODUO\��VRPH�VWXGLHV�KDYH�FRQFHQWUDWHG�RQ�WKH�ODWH�VWDJHV�RI�EDFWHULDO�LQIHFWLRQ�����KRXUV�RU�ODWHU�

DIWHU� VHFRQGDU\� LQIHFWLRQ��� ZKHQ� WKHUH� LV� DQ� LQIOX[� RI� QHXWURSKLOV� LQWR� WKH� OXQJ� DQG� LQWHQVH�

LQIODPPDWRU\�UHVSRQVHV�DV�D�UHVXOW�RI�EDFWHULDO�RXWJURZWK���� 7KXV��UHVHDUFKHUV�ZKR�XVH�KLJK�GRVHV�

RI�FKDOOHQJH�EDFWHULD�DQG�RU�VWXG\�WKH� ODWHU�VWDJHV�RI� LQIHFWLRQ�DUH�PRUH� OLNHO\�WR�VWXG\�QHXWURSKLO�

IXQFWLRQ��HLWKHU�WKHLU�DQWLEDFWHULDO�DFWLYLWLHV�RU�WKH�DFFRPSDQ\LQJ�LQIODPPDWRU\�OXQJ�GDPDJH�

$OWHUQDWLYHO\�� RXU� H[SHULPHQWV� VKRZ� WKDW� D� QRUPDO� PRXVH� FDQ� HIIHFWLYHO\� FOHDU� XS� WR� ����

SQHXPRFRFFL� YHU\� TXLFNO\� �ZLWKLQ� ����� K��� KLJKHU� FKDOOHQJH� GRVHV� QHFHVVLWDWH� QHXWURSKLO�

UHFUXLWPHQW�IRU�VXUYLYDO��7KH\�XVHG�WKLV�V\VWHP�WR�LQYHVWLJDWH�SKDJRF\WLF� IXQFWLRQ�YHU\�HDUO\�DIWHU�

EDFWHULDO� LQIHFWLRQ��DYRLGLQJ�WKH������ 7KH�FRQIRXQGLQJ�LVVXH�RI�ZKHWKHU�WKH�REVHUYHG�SDWKRORJ\�LV�

WKH� UHVXOW� RI� D� IDLOXUH� WR� FRQWURO� WKH� LQLWLDO� EDFWHULDO� LQIHFWLRQ� RU� DQ� RYHUZKHOPLQJ� LQIODPPDWRU\�

UHVSRQVH�IROORZLQJ�WKH�LQIHFWLRQ�

7KH\� SURSRVH� WKDW� XVLQJ� WKH� VPDOOHVW� YLUDO� DQG� EDFWHULDO� GRVHV� UHTXLUHG� WR� REVHUYH SDWKRJHQ�

V\QHUJ\��LQ�D�VLWXDWLRQ�WKDW�PRVW�FORVHO\�UHVHPEOHV�WKH�QDWXUDO�FOLQLFDO�VFHQDULR��LV�LGHDO�IRU�VWXG\LQJ�

WKH�PHFKDQLVP�RI�LQIOXHQ]D�LQGXFHG�VXVFHSWLELOLW\�WR�VHFRQGDU\�EDFWHULDO�LQIHFWLRQ������

6LQFH�������WKH�PHFKDQLVPV�XQGHUO\LQJ�LQIOXHQ]D�YLUXV�EDFWHULDO�LQIHFWLRQ�V\QHUJ\�KDYH�UHPDLQHG�D�

P\VWHU\�������)ROORZLQJ�LQIOXHQ]D�LQIHFWLRQ��LW�LV�FOHDU�WKDW�VXVFHSWLELOLW\�WR�YDULRXV�HQFDSVXODWHG�

EDFWHULD�LQFUHDVHV��LPSO\LQJ�D�JHQHUDO�GHIHFW������
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,W� SUHIHUHQWLDOO\� UHSOLFDWHV� LQ� HSLWKHOLDO� FHOOV�� FDXVLQJ� GLUHFW� GDPDJH� WR� WKH� DLUZD\� HSLWKHOLXP��

+LVWRULFDOO\�� WKH� ZLGHO\� DFFHSWHG� PHFKDQLVP� IRU� PLFURELDO� V\QHUJ\� KDV� EHHQ� WKDW� YLUXV�LQGXFHG�

HSLWKHOLDO�EDUULHU�GDPDJH�SURYLGHV�PRUH�DWWDFKPHQW�VLWHV�IRU�EDFWHULD��UHVXOWLQJ�LQ�LQYDVLYH�GLVHDVH�

�����

,Q� ERWK� KXPDQV� DQG� PLFH�� LQIOXHQ]D�LQGXFHG� OXQJ� WLVVXH� GDPDJH� LV� JUHDWHVW� RQ� GD\� �� DIWHU�

LQIHFWLRQ���������� ZKLFK� JHQHUDOO\� FRUUHODWHV� ZLWK� WKH� WLPH� RI� JUHDWHVW� VXVFHSWLELOLW\� WR� EDFWHULD��

9LUXV� VWUDLQV� WKDW� FDXVH� PLQLPDO� HSLWKHOLDO� FHOO� GDPDJH�� RQ� WKH� RWKHU� KDQG�� HQKDQFH� VXEVHTXHQW�

EDFWHULDO�LQIHFWLRQ�LQ�PLFH���������

'XULQJ� PXULQH� YLUDO� LQIHFWLRQ�� LQIOXHQ]D� QHXUDPLQLGDVH� DQG� SODWHOHW�DFWLYDWLQJ� IDFWRU� UHFHSWRU�

H[SUHVVLRQ� PD\� LQFUHDVH� EDFWHULDO� DGKHUHQFH� ������ $OWKRXJK� PLFH� ODFNLQJ� WKH� SODWHOHW�DFWLYDWLQJ�

IDFWRU�UHFHSWRU�RU�PLFH�WUHDWHG�ZLWK�D�FRPSHWLWLYH�UHFHSWRU�DQWDJRQLVW�KDG�QR�HIIHFW�RQ�VXUYLYDO�UDWHV�

DIWHU� EDFWHULDO� LQIHFWLRQ� ����� )XUWKHUPRUH�� JHQHWLF� GHOHWLRQV� WKDW� DOWHU� YLUDO� QHXUDPLQLGDVH�

H[SUHVVLRQ� KDYH� QR�HIIHFW�RQ�PLFH�VXVFHSWLELOLW\� WR� VHFRQGDU\� EDFWHULDO�SQHXPRQLD��)LQDOO\�� WKHUH�

ZDV�QR�FRUUHODWLRQ� EHWZHHQ�KXPDQ�PRUWDOLW\�DQG�YLUXV�DWWDFN�UDWHV� LQ������� LPSO\LQJ� WKDW� IDFWRUV�

RWKHU�WKDQ�YLUDO�LQGXFHG�OXQJ�GDPDJH�ZHUH�DW�ZRUN������

,QIOXHQ]D�LQGXFHG� VXSSUHVVLRQ� RI� DQWLEDFWHULDO� LQQDWH� LPPXQLW\� 7KH� LGHD� WKDW� LQIOXHQ]D� LQIHFWLRQ�

LPSDLUV� LQQDWH�EDFWHULDO�FOHDUDQFH� LQ�WKH� OXQJ� LV�JDLQLQJ�WUDFWLRQ� LQ�WKH� ILHOG�������7KH�PDMRULW\�RI�

FHOOV�LQ�WKH�QRUPDO�DLUZD\�DUH�DOYHRODU�PDFURSKDJHV��ZKLFK�VHUYH�DV�WKH�ILUVW�OLQH�RI�GHIHQFH�DJDLQVW�

UHVSLUDWRU\� LQIHFWLRQ� ��� ,QIOXHQ]D�LQGXFHG�VXSSUHVVLRQ�RI�DQWLEDFWHULDO� LQQDWH� LPPXQLW\�7KH� LGHD�

WKDW�LQIOXHQ]D�LQIHFWLRQ�LPSDLUV�LQQDWH�EDFWHULDO�FOHDUDQFH�LQ�WKH�OXQJ�LV�JDLQLQJ�WUDFWLRQ�LQ�WKH�ILHOG�
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������7KH�PDMRULW\�RI�FHOOV�LQ�WKH�QRUPDO�DLUZD\�DUH�DOYHRODU�PDFURSKDJHV��ZKLFK�DFW�DV�WKH�ILUVW�OLQH�

RI�GHIHQFH�DJDLQVW�UHVSLUDWRU\�LQIHFWLRQ������

$OYHRODU�PDFURSKDJHV�REWDLQHG� IURP�XQLQIHFWHG�PLFH�NLOOHG�����RI�6WDSK\ORFRFFXV�HSLGHUPLGLV��

ZKHUHDV� PDFURSKDJHV� REWDLQHG� IURP� LQIOXHQ]D�LQIHFWHG� DQLPDOV� NLOOHG� RQO\� ������ SHUFHQW�� -DNDE�

DQG� RWKHUV� ������ 5HSRUWHG� GHIHFWLYH� SKDJRO\VRVRPH� IRUPDWLRQ� E\� YLUXV�LQIHFWHG� PRXVH� DOYHRODU�

PDFURSKDJHV� EXW� QR� GHIHFW� LQ� SKDJRF\WRVLV��ZKHUHDV�1XJHQW� DQG�3HVDQWL� GLVFRYHUHG� QR� GHIHFW� LQ�

HLWKHU�XSWDNH�RU�NLOOLQJ������ 7KH�GLVSDULWLHV�LQ�WKH�UHVXOWV�IURP�WKHVH�GLIIHUHQW�ODERUDWRULHV�FRXOG�EH�

GXH� WR� D� YDULHW\� RI� IDFWRUV�� LQFOXGLQJ� GLIIHUHQFHV� LQ� WKH� QXPEHU� RI� GD\V� VLQFH� WKH� LQLWLDO� YLUXV�

LQIHFWLRQ�DQG�RU�VHFRQGDU\�EDFWHULDO�FKDOOHQJH��YDULDWLRQV�LQ�YLUXV�DQG�EDFWHULD�GRVHV��DQG�YDULDWLRQV�

LQ�YLUXV DQG�EDFWHULDO�VWUDLQ�FRPELQDWLRQV�VWXGLHG������

0RUH� UHFHQWO\�� LW� KDV� EHHQ� GLVFRYHUHG� WKDW� DOYHRODU� PDFURSKDJH�PHGLDWHG� FOHDUDQFH� RI� 6������

SQHXPRQLDH WKDW�RFFXUV�ZLWKLQ�����K�RI� LQWUDQDVDO� EDFWHULDO� FKDOOHQJH� LV� VLJQLILFDQWO\� LQKLELWHG�E\�

SULRU� LQIOXHQ]D� YLUXV� LQIHFWLRQ�� ZLWK� PD[LPDO� LQKLELWLRQ� RFFXUULQJ� RQ� GD\V� ���� IROORZLQJ� YLUDO�

LQIHFWLRQ�������6XUSULVLQJO\��WKLV�LV�ZKHQ DIIHFWRU�7�FHOOV�KDYH�PLJUDWHG�LQWR�WKH�7KH�SHDN�RI�,)1�J�

H[SUHVVLRQ� LQ� WKH� SXOPRQDU\� WUDFW� RFFXUV� ZKHQ� WKH� OXQJ� DLUZD\V� EHJLQ� WR� UHFRYHU� IURP� YLUDO�

LQIHFWLRQ�� ,QGHHG��ZKHUHDV� EDFWHULDO� FOHDUDQFH� LV� VXSSUHVVHG����� LQ�ZLOGW\SH�PLFH� DIWHU� LQIOXHQ]D�

LQIHFWLRQ�� LW� LV� QHDUO\� DEVHQW� LQ� YLUXV�LQIHFWHG� ,)1�J���� PLFH� DQG� LQ� ZLOGW\SH� PLFH� WUHDWHG� ZLWK�

QHXWUDOLVLQJ�DQWL�,)1�J�P$E�DIWHU�LQIOXHQ]D�LQIHFWLRQ�

,W�VKRXOG�EH�QRWHG�WKDW�LQ�QRUPDO�PLFH�LQIHFWHG�RQO\�ZLWK�SQHXPRFRFFL��LQFUHDVHG�,)1�J�H[SUHVVLRQ�

FDQ�HQKDQFH�71)�D�H[SUHVVLRQ��OHDGLQJ�WR�LQFUHDVHG�QHXWURSKLO�UHFUXLWPHQW�������71)�D�SURGXFWLRQ�

LV�UHGXFHG�LQ�DQLPDOV�SUHYLRXVO\�LQIHFWHG�ZLWK�LQIOXHQ]D�YLUXV��HYHQ�LQ�WKH�SUHVHQFH�RI�,)1�J��������
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7KLV� LV�SUREDEO\�UHODWHG�WR�WKH�GLVFRYHU\�WKDW� LQIOXHQ]D� LQIHFWLRQ�FDXVHV�'HVHQVLWL]DWLRQ�RI�7/5��

PHGLDWHG�VLJQDOOLQJ�$OWKRXJK�SQHXPRO\VLQ�SURGXFHG�E\�SQHXPRFRFFL�LV�D�7/5��OLJDQG��WKHUH�LV�QR�

HYLGHQFH� WKDW�7/5�� LV� UHTXLUHG� IRU� LPPXQLW\� WR�6������ DXUHXV�� )XUWKHUPRUH�� WKLV�7/5� VLJQDOOLQJ�

GHIHFW�LV�UHODWLYHO\�ORQJ�ODVWLQJ�DQG�FDQ�EH�VHHQ�PRQWKV�DIWHU�YLUDO�LQIHFWLRQ�

,QIHFWHG� KRVWV� KDYH� EHHQ� UHSRUWHG� WR� EH� SDUWLDOO\� UHVSRQVLEOH� IRU� WKH� LQFUHDVHG� VXVFHSWLELOLW\� WR�

VHFRQGDU\�EDFWHULDO�LQIHFWLRQ��PRVW�OLNHO\�GXH�WR�DQ�HIIHFW�RQ�QHXWURSKLO�IXQFWLRQ���+RZHYHU��RQO\�D�

PLQRU� UHGXFWLRQ� LQ� VXVFHSWLELOLW\� WR� VHFRQGDU\� EDFWHULDO� LQIHFWLRQ� LV� REVHUYHG� LQ� ,/������ PLFH��

)XUWKHUPRUH��,/�������PLFH�UHFRYHU�IURP� LQIOXHQ]D� LQIHFWLRQ� IDVWHU�WKDQ�ZLOG�W\SH�DQLPDOV�GXH�WR�

HDUOLHU�LQGXFWLRQ�RI�DGDSWLYH�LPPXQLW\�������

6KDKDQJLDQ� HW� DO�� GLVFRYHUHG� WKDW� PLFH� ODFNLQJ� WKH� ,)1D�E� UHFHSWRU� ZHUH� SDUWLDOO\� UHVLVWDQW� WR�

VHFRQGDU\� LQIHFWLRQ� ZLWK� 6�������� SQHXPRQLDH� IROORZLQJ� LQIOXHQ]D�� DQG� WKDW� WKLV� HIIHFW� ZDV�

FRUUHODWHG�ZLWK�QHXWURSKLO�FKHPRDWWUDFWDQW�SURGXFWLRQ��$�VLPLODU�IXQFWLRQ�IRU�,)1�D�DQG�,)1�E�ZDV�

UHSRUWHG�LQ�D�PRXVH�PRGHO�RI�XSSHU�UHVSLUDWRU\�WUDFW�SQHXPRFRFFDO�FRORQLVDWLRQ�7KH�GLVFRYHU\�WKDW�

,/�����,/�����DQG� ,/����ZHUH�GHFUHDVHG� IROORZLQJ� FR�LQIHFWLRQ ZLWK� LQIOXHQ]D�YLUXV�DQG� �������6��

DXUHXV�� DQG� WKDW� WKLV� GHFUHDVH�ZDV� GHSHQGHQW� RQ� W\SH� �� ,)1�� LQGLFDWHG� DQ� LPSRUWDQW� UROH� IRU WKH�

7K��� SDWKZD\� LQ� WKLV� HIIHFW� ���������� )XUWKHUPRUH�� LQWHQWLRQDO� RYHUH[SUHVVLRQ� RI� ,/���� GXULQJ�

LQIOXHQ]D�UHVXOWHG�LQ�VLJQLILFDQWO\�LPSURYHG�EDFWHULDO�FOHDUDQFH�������

0XOWLSOH� VWXGLHV� KDYH� VKRZQ� WKDW� LPSDLUHG� DQWLEDFWHULDO� LPPXQLW\� FRQWULEXWHV� SULPDULO\� WR� OHWKDO�

LQIOXHQ]D�DQG�EDFWHULDO�FR�LQIHFWLRQ������������DQG�WKDW�LQKLELWHG�LQQDWH�DQWLEDFWHULDO�LPPXQLW\�LV�

DVVRFLDWHG� ZLWK� G\VUHJXODWHG� SXOPRQDU\� F\WRNLQH� UHVSRQVHV IROORZLQJ� LQIOXHQ]D� LQIHFWLRQ��
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����������$OWHUQDWLYHO\��WKHVH�LPPXQH�UHJXODWRUV��VXFK�DV�W\SH�,�,)1��,/�����DQG�,/�����IUHTXHQWO\�

KDYH� RSSRVLQJ� HIIHFWV� RQ� SURWHFWLYH� DQWLYLUDO� LPPXQH� UHVSRQVHV�� ����� )DLOXUH� WR� PDLQWDLQ�

DSSURSULDWH�DQWLYLUDO�RU�DQWLEDFWHULDO�LPPXQH�UHVSRQVHV�FDQ�KDYH�D�QHJDWLYH�LPSDFW�RQ�WKH�RXWFRPH�

RI� FR�LQIHFWLRQ �������� 5HFHQW� FR�LQIHFWLRQ UHVHDUFK� KDV� SULPDULO\� IRFXVHG� RQ� WKH� PHFKDQLVP�

XQGHUO\LQJ�LQIOXHQ]D�LQGXFHG�VXVFHSWLELOLW\�WR�VHFRQGDU\�EDFWHULDO�LQIHFWLRQ��������+RZHYHU��EURDG�

SXOPRQDU\�LQIODPPDWRU\�LQILOWUDWLRQ�LV�D�NH\�FOLQLFDO�IHDWXUH�RI�EDFWHULDO�SQHXPRQLD��2YHUZKHOPLQJ�

EDFWHULDO�LQIHFWLRQ�PD\�H[SODLQ�ZLGHVSUHDG�OXQJ�SDWKRORJ\�LQ�WKH�ODWHU�VWDJHV�RI�LQIHFWLRQ��+RZHYHU��

H[FHVVLYH�LQIODPPDWLRQ�ZDV�GLVFRYHUHG�WR�EH�LQGHSHQGHQW�RI�SXOPRQDU\�EDFWHULDO�LQIHFWLRQ���EXUGHQ�

)XUWKHUPRUH�� YLUDO� YLUXOHQW� IDFWRUV� OLNH� 3%��)�� FDQ� GLUHFWO\� PHGLDWH� WKH� LPPXQRSDWKRJHQHVLV� RI�

LQIOXHQ]D� DQG� SQHXPRFRFFDO� FR�LQIHFWLRQ�� ������ 1RQHWKHOHVV�� H[FHVVLYH� LQIODPPDWRU\� UHVSRQVHV�

IROORZLQJ�VHFRQGDU\�EDFWHULDO� LQIHFWLRQ�SRVH�DQRWKHU�FKDOOHQJH� IRU�FOLQLFDO�PDQDJHPHQW�RI�GLVHDVH�

DQG�DUH�PRVW�OLNHO\�WKH�FDXVH�RI�LQFUHDVHG�GLVHDVH�VHYHULW\�DQG�PRUWDOLW\�GHVSLWH�WUHDWPHQW�������

3$7+2*(1(6,6�2)�,1)8(1=$�9,586

7UDQVPLVVLRQ ,W� VSUHDGV� WKURXJK� LQIHFWHG� DHURVROV� SURGXFHG� E\� FRXJKV� DQG� VQHH]HV�� DQG� RQO\�

UDUHO\�WKURXJK�FRQWDFWV�RU�IRPLWHV��6PDOO�SDUWLFOH�DHURVROV�����P��DUH�PRUH�HIILFLHQW�DW�WUDQVPLVVLRQ��

7DUJHW�FHOO�HQWU\��9LUDO�+$�ELQGV�WR�VSHFLILF�VLDOLF�DFLG UHFHSWRUV�RQ�WKH�KRVW�FHOO�VXUIDFH��DOORZLQJ�

YLUDO�HQWU\��&LOLDWHG�FROXPQDU�HSLWKHOLDO�FHOOV�DUH�WKH�PRVW�FRPPRQO\�LQIHFWHG��EXW�LW�FDQ�DOVR�LQIHFW�

DOYHRODU FHOOV��PXFRXV� JODQG� FHOOV�� DQG� DOYHRODU�PDFURSKDJHV�/RFDO� UHSOLFDWLRQ�� LUXV� UHSOLFDWHV� LQ�

LQIHFWHG�FHOOV��DQG�LQIHFWLRXV�GDXJKWHU�YLULRQV�VSUHDG�WR�DGMDFHQW�FHOOV��LQYROYLQJ�D�ODUJH�QXPEHU�RI�

UHVSLUDWRU\�HSLWKHOLDO�FHOOV�RYHU�VHYHUDO�KRXUV��6SUHDG��9LUXVHV�UDUHO\�VSUHDG�WR�WKH�ORZHU�UHVSLUDWRU\�

WUDFW� RU� FURVV� WKH� EORRGVWUHDP� WR� LQYROYH� H[WUDSXOPRQDU\� VLWHV�� /RFDOL]HG� KDUP� ,QIHFWLRQ� ZLWK�
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LQIOXHQ]D� YLUXV� FDXVHV� FHOOXODU� GHVWUXFWLRQ� DQG� GHVTXDPDWLRQ� RI� WKH� UHVSLUDWRU\� WUDFW
V� VXSHUILFLDO�

PXFRVD�� (GHPD� DQG� PRQRQXFOHDU� FHOO� LQILOWUDWLRQV� RFFXU� DW� WKH� ORFDO� VLWH�� UHVXOWLQJ� LQ� F\WRNLQH�

LQIOX[��ZKLFK�DFFRXQWV�IRU�ORFDO�V\PSWRPV��/RFDO�GDPDJH�PDNHV�VHFRQGDU\�EDFWHULDO�LQYDVLRQ�PRUH�

OLNHO\�

&/,1,&$/�0$1,)(67$7,21�2)�,1)/8(1=$�9,586

,QFXEDWLRQ�3HULRG

,W� WDNHV� EHWZHHQ���� DQG���� KRXUV�� GHSHQGLQJ�RQ� WKH� VL]H� RI� WKH� LQRFXOXP�DQG� WKH� KRVW
V� LPPXQH�

VWDWXV��6LPSOH�,QIOXHQ]D��)OX�6\QGURPH��7KH�PDMRULW\�RI�SHRSOH�DUH�HLWKHU�DV\PSWRPDWLF�RU�GHYHORS�

PLQRU�XSSHU�UHVSLUDWRU\�V\PSWRPV�VXFK�DV�FKLOOV��KHDGDFKH��DQG�GU\�FRXJK��ZKLFK�DUH�IROORZHG�E\�

KLJK�JUDGH�IHYHU��P\DOJLD��DQG�DQRUH[LD��,W�LV�D�VHOI�OLPLWLQJ�FRQGLWLRQ�WKDW�LV�LQGLVWLQJXLVKDEOH�IURP�

LQIHFWLRQV�FDXVHG�E\�RWKHU�XSSHU�UHVSLUDWRU\�WUDFW�SDWKRJHQV��

&RPSOLFDWLRQV

3QHXPRQLD� 6HFRQGDU\�EDFWHULDO�SQHXPRQLD�LV�WKH�PRVW�FRPPRQ�FRPSOLFDWLRQ�LQ�SDWLHQWV�LQIHFWHG�

ZLWK� WKH� LQIOXHQ]D� YLUXV�� 6WDSK\ORFRFFL�� SQHXPRFRFFL�� DQG�+DHPRSKLOXV� LQIOXHQ]DH� DUH� FRPPRQ�

DJHQWV��3ULPDU\�LQIOXHQ]D�SQHXPRQLD�LV�XQFRPPRQ��EXW�LW�FDQ�OHDG�WR�PRUH�VHULRXV�FRPSOLFDWLRQV��

2WKHU�SXOPRQDU\�FRPSOLFDWLRQV�LQFOXGH�ZRUVHQLQJ�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH� �����

([DFHUEDWLRQ�RI�FKURQLF�EURQFKLWLV�DQG�DVWKPD� 5H\H
V�V\QGURPH��,W�LV�IDWW\�OLYHU�GHJHQHUDWLRQ�ZLWK�

DFXWH�HQFHSKDORSDWK\�WKDW�RFFXUV�LQ�FKLOGUHQ�DQG�DGROHVFHQWV����WR����\HDUV�ROG��DIWHU�WDNLQJ�DVSLULQ�

RU�VDOLF\ODWHV��7KRXJK�WKH�FDXVH� LV�XQNQRZQ��WKLV�FRQGLWLRQ� LV� IUHTXHQWO\�VHHQ� IROORZLQJ� LQIOXHQ]D�

%��YDULFHOOD]RVWHU��DQG��LQ�UDUH�FDVHV��LQIOXHQ]D�$�YLUDO�LQIHFWLRQV� 7KH�PRUWDOLW\�UDWH�LV�KLJK�����
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(3,'(0,2/2*<�2)�,1)/8(1=$�9,586

,QIOXHQ]D�RXWEUHDNV�RFFXU�DOPRVW�HYHU\�\HDU�DURXQG�WKH�ZRUOG��EXW�WKH�VHYHULW\�DQG�H[WHQW�RI�VSUHDG�

YDU\�JUHDWO\��,QIOXHQ]D�HSLGHPLFV�DUH�HVWLPDWHG�WR�FDXVH�����PLOOLRQ�FDVHV�RI�VHYHUH�LOOQHVV�DQG�����

��ODNK�GHDWKV�ZRUOGZLGH�HDFK�\HDU��ZLWK�VLJQLILFDQW�HFRQRPLF�FRQVHTXHQFHV� 6HDVRQDOLW\��,QIOXHQ]D�

RXWEUHDNV� DUH� FRPPRQ�GXULQJ� WKH�ZLQWHU��7KH�PRVW� FRPPRQ� VHDVRQDO� IOX� VWUDLQ� YDULHV� E\� VHDVRQ�

DQG�ORFDWLRQ���H�J��+�1��LQ�3RQGLFKHUU\�LQ��������7KH�QDWXUH�RI�DQWLJHQLF�YDULDWLRQ�LQ�LQIOXHQ]D�

W\SHV�GHWHUPLQHV� WKH�HSLGHPLRORJLFDO�SDWWHUQ� �DV�GHVFULEHG�HDUOLHU���+O1O������ IOX�ZDV�FDXVHG� E\�

WKH�JHQHWLF�UHDVVRUWPHQW�RI�IRXU�VWUDLQV��RQH�KXPDQ�VWUDLQ��WZR�VZLQH�VWUDLQV��DQG�RQH�DYLDQ�VWUDLQ���

ZKLFK�RFFXUUHG�LQ�SLJV��'HVSLWH�WKH�IDFW�WKDW WKH�ZRUG�
VZLQH�IOX
 WR�GHVFULEH�+O1O������IOX��EXW�WKLV�

LV�QRW�WKH�FRUUHFW�WHUPLQRORJ\�DV�LW�LV�D�UHDVVRUWDQW�RI�IRXU�VWUDLQV�

&OLQLFDO�)HDWXUHV

8QFRPSOLFDWHG�LQIOXHQ]D� 0RVW�RI� WKH�FDVHV�SUHVHQW�ZLWK�PLOG�XSSHU�UHVSLUDWRU\�WUDFW� LOOQHVV�DQG�

GLDUUKHD &RPSOLFDWHG��VHYHUH� LQIOXHQ]D�FDQ�RFFXU�YHU\�UDUHO\� LQ�KLJK�ULVN�JURXSV�� LV�FKDUDFWHUL]HG�

E\�IHDWXUHV�VXFK DV�VHFRQGDU\�EDFWHULDO�SQHXPRQLD��GHK\GUDWLRQ��&16�LQYROYHPHQW��DQG�PXOWLRUJDQ�

IDLOXUH� &DWHJRUL]DWLRQ�RI�6HDVRQDO�,QIOXHQ]D�$�+��1���0LQLVWU\�RI�+HDOWK�DQG�)DPLO\�:HOIDUH��

7KH� JRYHUQPHQW� RI� ,QGLD� KDV� LVVXHG� D� JXLGHOLQH� IRU� FODVVLI\LQJ� VHDVRQDO� LQIOXHQ]D�$�+O1O� FDVHV��

7KLV� JXLGHOLQH� DVVLVWV� LQ� PDNLQJ� GHFLVLRQV� DERXW� SHUIRUPLQJ� ODERUDWRU\� WHVWV�� LQLWLDWLQJ� DQWLYLUDO�

WUHDWPHQW��DQG�SODFLQJ�WKH�SDWLHQW�RQ�KRPH�LVRODWLRQ�RU�KRVSLWDOLVDWLRQ�ZKHQ�VFUHHQLQJ�SDWLHQWV�ZLWK�

LQIOXHQ]D�OLNH�LOOQHVV��*,656��*OREDO�LQIOXHQ]D�VXUYHLOODQFH�KDV�EHHQ�FRQGXFWHG��WKURXJK�WKH�:RUOG�

+HDOWK� 2UJDQL]DWLRQ
V� *OREDO� ,QIOXHQ]D� 6XUYHLOODQFH� DQG� 5HVSRQVH� 6\VWHP� �*,656�� �:+2��� ,W�
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PRQLWRUV�WKH�HYROXWLRQ�RI� LQIOXHQ]D�YLUXVHV�JOREDOO\�DQG�VHUYHV�DV�D�JOREDO�ZDUQLQJ�V\VWHP�IRU�WKH�

HPHUJHQFH�RI�SDQGHPLF�LQIOXHQ]D�YLUXVHV�

6LDOLF� DFLG� UHFHSWRUV� IRXQG�RQ� KRVW� FHOO� VXUIDFHV� DUH� VSHFLILF� IRU�+$�DQWLJHQV� RI� LQIOXHQ]D� YLUXV��

ZKLFK�GHWHUPLQHV�WKH�GLIIHUHQW�KRVW�VSHFLILFLWLHV�RI� LQIOXHQ]D�YLUXV���$�����VLDOLF�DFLG�UHFHSWRUV�DUH�

VSHFLILF�IRU�KXPDQ�LQIOXHQ]D�VWUDLQV�DQG�DUH�DEXQGDQW�RQ�KXPDQ�XSSHU�UHVSLUDWRU\�WUDFW�HSLWKHOLXP�

EXW�QRW�RQ�ORZHU�UHVSLUDWRU\�WUDFW�HSLWKHOLXP��7KLV�H[SODLQV�ZK\�PRVW�KXPDQ )OX�VWUDLQV�FDXVH�PLOG

XSSHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQV�EXW�QRW�SQHXPRQLD������VLDOLF�DFLG�UHFHSWRUV�DUH�VSHFLILF�IRU�DYLDQ�

LQIOXHQ]D� VWUDLQV� DQG� DUH� DEXQGDQW� RQ� WKH� LQWHVWLQDO� HSLWKHOLXP� RI� ELUGV�� 7KH\� DUH� IRXQG� LQ� YHU\�

VPDOO�QXPEHUV�RQ�WKH�XSSHU�UHVSLUDWRU\�WUDFW�DQG�RQ�VRPH�RWKHU�SDUWV�RI�WKH�ERG\�LQ�KXPDQV��

ORZHU� WUDFW� HSLWKHOLDO� FHOOV� 7KLV� H[SODLQV� ZK\� DYLDQ� IOX� VWUDLQV� FDQQRW� HDVLO\� LQIHFW� KXPDQV� DQG�

UHTXLUH�FORVH�FRQWDFW��+RZHYHU��RQFH�LQIHFWHG��WKH\�FDQ�LQIHFW�WKH�ORZHU�UHVSLUDWRU\�WUDFW�DQG�FDXVH�

SQHXPRQLD�

35(9(17,21�$1'�&21752/

*HQHUDO� 3UHYHQWLYH�0HDVXUHV�'URSOHW� SUHFDXWLRQV� VKRXOG� EH� WDNHQ�� 6WULFW� KDQG� K\JLHQH� ,VRODWLRQ�

URRP�� 3DWLHQWV� VKRXOG� EH� NHSW� LQ� LVRODWLRQ� URRPV� RU� FRKRUWLQJ� WR� EH� IROORZHG� &RXJKLQJ� DQG�

VQHH]LQJ�FRQWDLQPHQW�

&RXJK� HWLTXHWWH� DQG� UHVSLUDWRU\� K\JLHQH� 8VH� RI� SHUVRQDO� SURWHFWLYH� HTXLSPHQW� �33(�� VXFK� DV�

JORYHV�DQG�PDVNV�IRU�ERWK�VWDII�DQG�SDWLHQWV��:RUN�UHVWULFWLRQV��7KH�&'&�UHFRPPHQGV�WKDW�SHRSOH�

ZLWK� LQIOXHQ]D�OLNH� LOOQHVV� VWD\� DW� KRPH� IRU� DW� OHDVW� ��� KRXUV� DIWHU� WKH\� DUH IHYHU�IUHH� �����)��

ZLWKRXW�WKH�XVH�RI�IHYHU�UHGXFLQJ�PHGLFDWLRQV�
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/LYH�$WWHQXDWHG�,QIOXHQ]D�9DFFLQH��/$,9�

7KLV�YDFFLQH�LV�FUHDWHG�WKURXJK�UHDVVRUWPHQW�RI�FXUUHQWO\�FLUFXODWLQJ�LQIOXHQ]D�$�DQG�%�YLUXV�VWUDLQV�

ZLWK�D�FROG�DGDSWHG�DWWHQXDWHG�PDVWHU�VWUDLQ WKDW�FDQ�JURZ�DW�WHPSHUDWXUHV�UDQJLQJ�IURP����WR����

GHJUHHV�&HOVLXV��6XFK� OLYH�DWWHQXDWHG�VWUDLQV�FDQ�JURZ�LQ�WKH�XSSHU�UHVSLUDWRU\�WUDFW��DW����&��EXW�

QRW�LQ�WKH�ORZHU�UHVSLUDWRU\�WUDFW��DW����&���WKXV��WKH\�PD\�FDXVH�PLOG�IOX�OLNH�V\PSWRPV�EXW�QHYHU�

LQIHFW� WKH� ORZHU� UHVSLUDWRU\� WUDFW�� DQG� WKXV� QHYHU� FDXVH� VHULRXV� DGYHUVH� HIIHFWV�� ,W� LV� D� WULYDOHQW�

YDFFLQH� WKDW� LV� LQWUDQDVDOO\�DGPLQLVWHUHG VSUD\� ,W� FDQ� EH�JLYHQ� WR�DOO� KHDOWK\�SHRSOH�DJHG��� WR����

\HDUV�ROG��H[FHSW�GXULQJ�SUHJQDQF\���EXW�QRW�WR�KLJKULVN�JURXSV��+RZHYHU��GXH�WR�HIILFDF\�FRQFHUQV��

/$,9� LV�QRW�UHFRPPHQGHG� IRU�XVH� LQ�DQ\�SRSXODWLRQ� LQ����������,QMHFWDEOH�YDFFLQHV�DUH�WKH�PRVW�

FRPPRQO\�XVHG�YDFFLQHV� LQ� LPPXQLVDWLRQ�SURJUDPPHV��7\SHV��7KHUH�DUH�WKUHH�W\SHV�RI� LQMHFWDEOH�

YDFFLQHV�� O�� ,QDFWLYDWHG� ,QIOXHQ]D�9DFFLQH� �,,9���H�J�� )OX]RQH�� ,W� LV�PDGH� E\� JURZLQJ� WKH� YDFFLQH�

VWUDLQV� LQ� WKH�DOODQWRLF�FDYLW\�RI�HPEU\RQDWHG�FKLFN�HJJV�� WKHQ�KDUYHVWLQJ��SXULI\LQJ��DQG� WKH\�DUH�

LQDFWLYDWHG� ZLWK� IRUPDOLQ� RU� EHWD� SURSLRODFWRQH� DQG� WKHQ� VWDQGDUGLVHG� EDVHG� RQ� KHPDJJOXWLQLQ�

DQWLJHQ�FRQWHQW�����J�RI�+$�GRVH��



��
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5(9,(:�2)�/,7(5$785(

<DQJ�HW�DO �������FRQGXFWHG�D�UHWURVSHFWLYH�DQDO\VLV�RI����SDWLHQWV�ZLWK�+�1��LOOQHVV�IURP�$SULO�

����� WR�)HEUXDU\� ������$QDO\VLV�ZDV� GRQH�RQ� WKH� VHYHULW\� RI� SDWLHQWV�ZLWK� EDFWHULDO� FR�LQIHFWLRQ

DQG� HDUO\� GHWHFWLRQ� PDUNHUV� LQ +�1��� 7KH� PRVW� FRPPRQ� SDWKRJHQ�� WKH\� GLVFRYHUHG�� ZDV�

6WDSK\ORFRFFXV�DXUHXV��>���@

,Q� D� UHYLHZ� E\� 3HWHUDQGHUO� HW� DO ,Q� ������ WKH\� SURYLGHG� DQ� RYHUYLHZ� RI� WKH� VWDWH�RI�WKH�DUW�

NQRZOHGJH� UHJDUGLQJ� WKH� PROHFXODU� EDVLV� RI� LQIOXHQ]D� FRQWDPLQDWLRQ�� LOOQHVVHV� GHYHORSPHQW�� NH\�

SOD\HUV� LQ� SDWKRJHQHVLV� OHDGLQJ� WR� VHYHUH� LOOQHVVHV� DQG� OXQJ� IDLOXUH�� DV� ZHOO� DV� DYDLODEOH� DQG�

DQWLFLSDWHG� SUHYHQWLRQ� DQG� WUHDWPHQW� PHWKRGV� IRU� LQIOXHQ]D� YLUXV� FRQWDPLQDWLRQ�� 7R� ORZHU� WKH�

RFFXUUHQFH�RI�VHFRQGDU\�LQIHFWLRQV�ZLWK�KLJKHU�PRUELGLWLHV�� LW�ZLOO�DOVR�EH�LPSRUWDQW�WR�XQGHUVWDQG�

WKH� SURFHVVHV� EHKLQG� WKH� HOHYDWHG� YXOQHUDELOLW\� WR� EDFWHULDO� H[SDQVLRQ DVVRFLDWHG� ZLWK� LQIOXHQ]D�

LQIHFWLRQ�� )XWXUH� WUHDWPHQWV� IRU� $5'6� DUH� DQWLFLSDWHG� WR� EH� EDVHG� RQ� WKH� SURPLVLQJ� ILQGLQJV� RI�

RQJRLQJ� UHVHDUFK� RQ� VWHP� FHOO�EDVHG� WKHUDSLHV�� LQFOXGLQJ� WUDLQLQJ� WKHVH� FHOOV� WR� EH� GDPDJH� RU�

SDWKRJHQ�VSHFLILF�SULRU�WR�DSSOLFDWLRQ�WR�RSWLPLVH�WKHLU�XQLTXH�PRGHV�RI�DFWLRQ�LQ�YDULRXV�IRUPV�RI�

DFXWH�OXQJ�LQMXU\��>���@

,Q�D�SDWKRSK\VLRORJ\�DQG�HSLGHPLRORJ\�UHSRUW�E\�.DOLO�DQG�7KRPDV������,Q�WKLV�VWXG\�� LW�ZDV�

IRXQG� WKDW� DFXWH� SQHXPRQLD� DIIHFWHG� ��±���� RI� KRVSLWDOLVHG� SDWLHQWV� ZLWK� LQIOXHQ]D� LQ� WKH�

ODERUDWRU\��$Q\RQH�RYHU�����&DXFDVLDQ��D�QXUVLQJ�KRPH�UHVLGHQW��ZLWK�D�FKURQLF� OXQJ�RU�FRURQDU\�

KHDUW�FRQGLWLRQ��D�KLVWRU\�RI�VPRNLQJ��DQG�D�ZHDNHQHG�LPPXQH�V\VWHP�LV�VLJQLILFDQWO\�PRUH�SURQH�

WR�DFTXLUH�SQHXPRQLD��
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$OWKRXJK� D� VHFRQGDU\� EDFWHULDO� LQIHFWLRQ²PRVW� IUHTXHQWO\� FDXVHG� E\�6WDSK\ORFRFFXV� DXUHXV� DQG�

6WUHSWRFRFFXV�SQHXPRQLDH²FDQ�DOVR�FRH[LVW�ZLWK�RU�EH�D�V\PSWRP�RI�LQIOXHQ]D�DQG�FRQWULEXWH�WR�

LWV�SULPDU\�DELOLW\�WR�FDXVH�VHYHUH�SQHXPRQLD�� WKLV� LV� OHVV�FRPPRQ��$�KLJK�ULVN�RI�EDFWHULDO� VHSVLV�

DQG�$5'6�LV�DVVRFLDWHG�ZLWK�LQIOXHQ]D��>���@

,Q�VWXG\�&DWLD�&LOOROL]�HW�DO LO,Q�SDWLHQWV�KRVSLWDOLVHG�ZLWK�LQIOXHQ]D�$�+�1��SQHXPRQLD��EDFWHULDO�

FR�LQIHFWLRQ� ZDV� FRPPRQ� ���� SHUFHQW��� +LJKHU� SODWHOHW� FRXQW� DW� HQWUDQFH� DQG� XQGHUO\LQJ� &23'�

ZHUH�WKH�PRVW�LPSRUWDQW�LQGLFDWRUV�RI�EDFWHULDO�FR�LQIHFWLRQ��%DFWHULDO�FR�LQIHFWLRQ�ZDV�OLQNHG�WR�D�

KLJKHU�36,�ULVN�FODVV�EXW�GLG�QRW�LPSDFW�GHDWK�LQ�WKHVH�SDWLHQWV��,Q�WKLV�ZRUN��WZR�6SDQLVK�KRVSLWDOV�

ZLWK� H[SHUWLVH� LQ� WKH� VWXG\� RI� UHVSLUDWRU\� LOOQHVVHV� UHSRUW� DOO� FRQVHFXWLYH� SDWLHQWV� DGPLWWHG� ZLWK�

LQIOXHQ]D� $�+�1�� SQHXPRQLD� WKURXJKRXW� WKH�ZKROH� ����±����� SDQGHPLF� SHULRG�� ,Q� FRQWUDVW� WR�

HDUOLHU�WULDOV���H���ZH�LQFOXGHG�ERWK�FULWLFDOO\�DQG�QRQ�FULWLFDOO\�PDQ\�SDWLHQWV��2XU�GDWD�VKRZ�WKDW�

&23'� DQG� DQ� HOHYDWHG� SODWHOHW� FRXQW� ZHUH� WKH� VWURQJHVW� SUHGLFWRUV� RI� EDFWHULDO� FR�LQIHFWLRQ�

RFFXUULQJ� RIWHQ� LQ� LQIOXHQ]D� $� +�1�� SQHXPRQLD�� %DFWHULDO� FR�LQIHFWLRQ� GLG� QRW� DIIHFW� WKHVH�

SDWLHQWV
�PRUWDOLW\�ZKLOH�EHLQJ�OLQNHG�WR�JUHDWHU�VHYHUH�VFRUHV�XSRQ�DGPLVVLRQ��>���@

,Q� VWXG\� E\� 0HLIDQJ� <DQJ�� +DLQY� *DR�� HW� DO3DWLHQWV� ZLWK� EDFWHULDO� FR�LQIHFWLRQ DQG� +�1��

LQIHFWLRQ� KDG� D� PRUH� VHULRXV� VWDWH�� ,Q� LQGLYLGXDOV� ZLWK� LQIOXHQ]D� $� �+�1���� HOHYDWHG� 3&7� LV� DQ�

HIIHFWLYH�GLDJQRVWLF� IRU�WKH�GHWHFWLRQ�RI�EDFWHULDO� FR�LQIHFWLRQ��3&7�FRQFHQWUDWLRQV�DERYH������J�/�

VWURQJO\� LPSO\� EDFWHULDO� FR�LQIHFWLRQ LQ� +�1�� LQIOXHQ]D� SDWLHQWV�� 2XU� UHFRPPHQGDWLRQ� LV� WKDW�

LQGLYLGXDOV� ZLWK� 3&7� OHYHOV� PRUH� WKDQ� ����� J�/� DQG� EDFWHULDO� FR�LQIHFWLRQ V\PSWRPV� UHFHLYH�

HPSLULF� DQWLELRWLF� WKHUDS\�� ,Q� DGGLWLRQ�� ORFDO� HSLGHPLRORJLFDO� WUDLWV�� GUXJ� UHVLVWDQFH� SDWWHUQV�� 6��

DXUHXV��DQG�056$�VKRXOG�EH�WDNHQ� LQWR�DFFRXQW�ZKLOH�VHOHFWLQJ�DQ�HPSLULF�DQWLELRWLF� WKHUDS\��7R�
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GHWHUPLQH�WKH�RFFXUUHQFH��PRUH�ODUJH�VDPSOH�VL]H�SURVSHFWLYH�DQG�LQWHUYHQWLRQ�UHVHDUFK�RQ�EDFWHULDO�

FR�LQIHFWLRQ DUH�UHTXLUHG��>���@

,Q�VWXG\�E\�1LUDY�6��6KDK�HW�DO ,Q�WKH�DHWLRORJ\�RI�VHYHUH�LQIOXHQ]D�LQIHFWLRQ��WKLV�VWXG\�HPSKDVLVHV�

WKH� VLJQLILFDQFH� RI� EDFWHULDO� FR�LQIHFWLRQ�� 3UHYHQWLRQ� VWUDWHJLHV� WR� FRPEDW� FR�LQIHFWLRQ� LQFOXGH

JXDUDQWHHLQJ� KLJK� LQIOXHQ]D� YDFFLQDWLRQ� UDWHV�� YDFFLQDWLRQ� DJDLQVW� 6�� SQHXPRQLDH� DQG� +��

LQIOXHQ]DH��RSWLPXP�DQWLYLUDO�WLPLQJ��DQG�HDUO\�DQG�DSSURSULDWH�DQWLELRWLF�WKHUDS\�WDUJHWLQJ�056$�

DQG�3VHXGRPRQDV��,W
V�FUXFLDO�WR�XVH�056$�VSHFLILF�WKHUDS\��HVSHFLDOO\�ZKHQ�WUHDWLQJ�SDWLHQWV�ZLWK�

FRPPXQLW\�DFTXLUHG� SQHXPRQLD�� ,W� LV� FUXFLDO� WR� FRPSUHKHQG� WKH� LQWULFDWH� DQG� V\QHUJLVWLF�

LQWHUDFWLRQV�EHWZHHQ�LQIOXHQ]D�DQG�EDFWHULD� LQ�RUGHU�WR�UHGXFH�PRUWDOLW\�LQ�XSFRPLQJ�VHDVRQDO�DQG�

SDQGHPLF�LQIOXHQ]D�VHDVRQV��>���@

,Q�VWXG\�E\�;LDR\XDQ�%DL HW�DO ,$9�FDQ�SURPRWH�EDFWHULDO�FR�LQIHFWLRQ LQ�D�SUHYLRXVO\�XQNQRZQ�

ZD\�� DFFRUGLQJ� WR� WKLV� VWXG\
V� UHVXOWV�� ,$9� LQIHFWLRQ� UHVXOWHG� LQ� DQ� XSUHJXODWLRQ� RI�&\S$��ZKLFK�

SUHYHQWHG�WKH�XELTXLWLQ�PHGLDWHG�SURWHDVRPH�GHJUDGDWLRQ�RI�)$.��&\S$�WKHQ�IDFLOLWDWHG�*$6�FR�

LQIHFWLRQ E\� LQFUHDVLQJ� WKH� H[SUHVVLRQ� RI LQWHJULQ� D�� DQG� DFWLQ� UHDUUDQJHPHQW� YLD� WKH� )$.�$NW�

VLJQDOOLQJ�SDWKZD\��7KH�FOLQLFDO�SKHQRPHQRQ�WKDW�WKH�XVH�RI�&V$�LQ�WKH�FRQWH[W�RI�WUDQVSODQWDWLRQ�

GRHV� QRW� LQFUHDVH�� DQG� PD\� DFWXDOO\� GHFUHDVH�� WKH� LQFLGHQFH� RI� LQIHFWLRQ� LQ� FRPSDULVRQ� WR� WKDW�

GXULQJ� VWDQGDUG� LPPXQRVXSSUHVVLYH� WKHUDS\�PD\� DOVR� EH� H[SODLQHG� E\�&\S$� GHILFLHQF\� RU� &V$�

WUHDWPHQW�VLJQLILFDQWO\�LQKLELWLQJ�*$6�LQIHFWLRQ�RU�,$9�*$6�FR�LQIHFWLRQ �.LP�DQG�3HUIHFW���������

7KHVH� ILQGLQJV� SUHVHQW� D� SRVVLEOH� WUHDWPHQW� DSSURDFK� DQG� LQFUHDVH� RXU� XQGHUVWDQGLQJ� RI� WKH�

ELRORJLFDO�UROHV�RI�&\S$�LQ�EDFWHULDO�LQIHFWLRQ�DQG�YLUXV�EDFWHULDO�FR�LQIHFWLRQ�

,Q� VWXG\� E\� <LQJ]KL� OLX� HW� DO� ,Q� WKLV� UHWURVSHFWLYH� FRKRUW� VWXG\�� ZKLFK� LQFOXGHG� ������� DGXOW�
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SDWLHQWV KRVSLWDOLVHG� IRU� UHVSLUDWRU\� LQIHFWLRQV�� ����� KDG� D� YLUDO�EDFWHULDO� FR�LQIHFWLRQ� WKDW� ZDV�

YDOLGDWHG�E\�D�ODE�WHVW��7KHVH�LQGLYLGXDOV�KDG�FRQVLGHUDEO\�KLJKHU����GD\�PRUWDOLW\�UDWHV�WKDQ�WKRVH�

ZKR�KDG�EDFWHULDO�LQIHFWLRQ�DORQH��YLUDO�LQIHFWLRQ�DORQH��RU�FOLQLFDOO\�VXVSHFWHG�FR�LQIHFWLRQ��,Q�WKLV�

VDPSOH�RI�SDWLHQWV��WKH�SUHYDOHQFH�RI�YLUDO�EDFWHULDO�FR�LQIHFWLRQ�ZDV�ORZHU�WKDQ�SUHYLRXVO\�UHSRUWHG�

������SHUFHQW���+HWHURJHQHLW\�VWXG\�SRSXODWLRQ�NLQG�RI�YLUDO�UHVSLUDWRU\�GLVHDVH�LV�SUREDEO\�WR�EODPH�

IRU� WKLV �GHWHFWLRQ� PHWKRGV� � FDVH� GHILQLWLRQ�� FRPPXQLW\�DFTXLUHG� RU� QRVRFRPLDO� FR�LQIHFWLRQ��

VHDVRQDO�YDULDWLRQ�DQG�SDQGHPLFV� 6XEJURXS�DQDO\VLV�RI�,&8�SDWLHQWV�VKRZHG�WKDW�DOWKRXJK�WKH����

GD\� PRUWDOLW\� RI� WKH� FR�LQIHFWLRQ� JURXS� ZDV� VLJQLILFDQWO\� KLJKHU� WKDQ� WKRVH� ZLWK YLUDO� LQIHFWLRQ�

DORQH��WKHUH�ZDV�QR�GLIIHUHQFH�WR�EDFWHULDO� LQIHFWLRQ�DORQH�JURXS��7KLV�PD\�EH�OLPLWHG�E\�WKH�VPDOO�

VDPSOH� VL]H� LQ� WKH� EDFWHULDO� LQIHFWLRQ� DORQH� JURXS��PRUWDOLW\� LQ� SDWLHQWV�ZLWK� FOLQLFDOO\� VXVSHFWHG�

YLUDO EDFWHULDO�FR�LQIHFWLRQ�ZDV�VLPLODU�WR�WKRVH�ZLWK�YLUDO�LQIHFWLRQ�DORQH�DQG�ORZHU�WKDQ�WKRVH�ZLWK�

ODERUDWRU\�FRQILUPHG�FR�LQIHFWLRQ�

$QRWKHU� QRWDEOH� ILQGLQJ� RI� WKLV� VWXG\� LV� WKDW� +�� LQIOXHQ]DH� ����������� �������� 3�� DHUXJLQRVD�

����������� �������� DQG�6�� SQHXPRQLD� ����������� �������ZHUH� WKH� WKUHH�PRVW� FRPPRQ� EDFWHULDO�

SDWKRJHQV LQ� SDWLHQWV� ZLWK� ODERUDWRU\�FRQILUPHG� YLUDO�EDFWHULDO� FR�LQIHFWLRQ *LYHQ� WKDW� DOO� FR�

LQIHFWLRQ� LQ� WKLV� FRKRUW� ZDV� SUHVXPDEO\� FRPPXQLW\�DFTXLUHG� �VDPSOHV� FROOHFWHG� ZLWKLQ� ��� K� RI�

KRVSLWDO�DGPLVVLRQ��3��DHUXJLQRVD�DV D�PRUH�SUHYDOHQW�FR�SDWKRJHQ�LV�VXUSULVLQJ��3��DHUXJLQRVDKDG�

EHHQ� D� UDUH� FDXVH� RI� FRPPXQLW\�DFTXLUHG� UHVSLUDWRU\� LQIHFWLRQ �����B������ �� +RZHYHU�� UHFHQW�

VWXGLHV� UHSRUWHG� DQ LQFUHDVLQJ� UDWH� RI� 3�� DHUXJLQRVD� FR�LQIHFWLRQ� ZLWK� LQIOXHQ]D �� ,QRXU� FRKRUW��

DPRQJ WKH� SDWLHQWV� ZKR� GHWHFWHG� ZLWK� 3�� DHUXJLQRVD������� ��������� DQG� ������ ��������� ZHUH�

GLDJQRVHG� ZLWK� FRQJHVWLYH KHDUW� IDLOXUH� DQG� FKURQLF� SXOPRQDU\� GLVHDVH�� UHVSHFWLYHO\�� ,Q� SDWLHQWV

ZLWK� FKURQLF� GLVHDVH�� IUHTXHQW� LQVWLWXWLRQDOL]HG� FDUH� DQG� UHFHQW� KRVSLWDOL]DWLRQ DUH� ULVN� IDFWRUV� IRU�
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FRPPXQLW\�DFTXLUHG� 3�� DHUXJLQRVD LQIHFWLRQ� �� 7KLV� PD\� H[SODLQ� WKH� KLJKHU� SUHYDOHQFH� RI� WKLV�

SDWKRJHQ LQ�RXU�FRKRUW�

,Q�VWXG\�E\�0DVDIXPL�6HNL�HW�DO 3DWLHQWV�ZKR�KDG�ERWK�EDFWHULD�DQG� WKH� LQIOXHQ]D� YLUXV� LQ� WKHLU�

V\VWHPV�KDG�PRUH�VHYHUH�FDVHV�RI�SQHXPRQLD�WKDQ�WKRVH�ZKR�RQO\�KDG�EDFWHULD��7KH�IUHTXHQW�

ULVH� LQ� VHFRQGDU\� EDFWHULDO� LQIHFWLRQV� DQG� VXEVHTXHQW� GHYHORSPHQW� RI� VHYHUH� SQHXPRQLD� PD\� EH�

VLJQLILFDQWO\� LQIOXHQFHG� E\� XQGHUO\LQJ� FKURQLF� OXQJ� GLVRUGHUV�� 3RVVLEOH� FDXVHV� RI� VXFK� VHYHUH�

SQHXPRQLD�LQFOXGH�WKH�LQIOXHQ]D�YLUXV�DQG�WKH�KXPDQ�LPPXQH�V\VWHP��0RUH�UHVHDUFK�LV�UHTXLUHG�WR�

SLQSRLQW� WKH�SDWKRSK\VLRORJ\�RI� OXQJ�SDWKRORJ\�DQG� WR�GHWHUPLQH� WKH�EHVW� IRUPV�RI� WUHDWPHQW�DQG�

SUHYHQWLRQ�

,Q� VWXG\� E\� 'HQQLV� (��0HW]JHU� DQG�.HHU� 6XQ� 7KH� ILQGLQJV� SUHVHQWHG� DERYH� VXJJHVW� WKDW� DQ�

LQGXFHG�DGDSWLYH�LPPXQH�UHVSRQVH�DJDLQVW�YLUDO� LQIHFWLRQ��DQ�LQWUDFHOOXODU�SDWKRJHQ��FRPSURPLVHV�

LQQDWH�LPPXQH�GHIHQFHV�DJDLQVW�EDFWHULDO�LQIHFWLRQ��DQ�H[WUDFHOOXODU�SDWKRJHQ���7KLV�ZRXOG�H[SODLQ�

ZK\�VHFRQGDU\�EDFWHULDO�LQIHFWLRQV�LQ�WKH�FOLQLF�KDSSHQ�MXVW�ZKHQ�WKH�SDWLHQW�LV�VWDUWLQJ�WR�KHDO�DQG�

WKH� YLUXV� LV� VWDUWLQJ� WR� EH� HOLPLQDWHG� IURP� WKHLU� OXQJV�� $OWKRXJK� VRPH� UHVHDUFKHUV� GLVFRYHU� D�

FRQVLGHUDEOH�GURS�LQ�WKH�RYHUDOO�QXPEHU�RI�DOYHRODU�PDFURSKDJHV�LQ�LQIOXHQ]D�LQIHFWHG�OXQJV��RWKHU�

VWXGLHV� KDYH� QRW� VHHQ� D� VLJQLILFDQW� IDOO� LQ� QXPEHUV� EXW� KDYH� LQVWHDG� GLVFRYHUHG� D� FKDQJHG�

SKHQRW\SH� $ORQJ�ZLWK� WKLV�� WKH� SKDJRF\WLF� OXQJ� FHOO� SRSXODWLRQ� XQGHUJRHV� D� FKDQJH� LQ� IXQFWLRQ�

IURP�FHOOV�WKDW�PHGLDWH�EDVHOLQH�OHYHOV�RI LQQDWH�SURWHFWLRQ�WKURXJK�SKDJRF\WRVLV�DQG�SURGXFWLRQ�RI�

SURLQIODPPDWRU\� F\WRNLQHV� ,Q� DFWXDOLW\�� YLUXV�LQGXFHG� ,)1�J� LQFUHDVHV�0+&� FODVV� ,,� H[SUHVVLRQ�
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ZKLOH�GRZQUHJXODWLQJ�DOYHRODU�PDFURSKDJH�H[SUHVVLRQ�RI� WKH� VFDYHQJHU� UHFHSWRU�0$5&2��*LYHQ�

WKDW�PXULQH�DOYHRODU�PDFURSKDJHV�QRUPDOO\�VXSSUHVV�DGDSWLYH�LPPXQH�UHVSRQVHV��WKHLU�DOWHUDWLRQ�RQ�

GD\���RI� LQIOXHQ]D� LQIHFWLRQ��DORQJ�ZLWK�W\SH���,)1�PHGLDWHG�LQKLELWLRQ�RI�QHXWURSKLO�UHFUXLWPHQW��

PD\� EH� D�PHFKDQLVP� WKDW� HYROYHG� WR� HQDEOH� HQKDQFHG� LQGXFWLRQ� RI� VSHFLILF� DQWL�LQIOXHQ]D�7� FHOO�

PHPRU\� LQ� WKH� UHVSLUDWRU\� WUDFW�� HYHQ� LI� LW� WHPSRUDULO\� VDFULILFHV� LQQDWH� GHIHQVH� DJDLQVW� EDFWHULDO�

SDWKRJHQV�� 7KLV� QHZ� SDUDGLJP� RXJKW� WR� HYHQWXDOO\� HQDEOH� WKH� FUHDWLRQ� RI� LQQRYDWLYH� LPPXQH�

LQWHUYHQWLRQ�PHWKRGV� IRU� WKH� FRPSUHKHQVLYH PDQDJHPHQW� DQG� SUHYHQWLRQ� RI� VXEVHTXHQW� EDFWHULDO�

LQIHFWLRQV�IROORZLQJ�LQIOXHQ]D�

,Q� VWXG\� E\� $GULHQQH�*�� 5DQGROSK� HW� DO� ,Q� WKLV� PXOWLFHQWHU� 3,&8� FRKRUW��056$�FRLQIHFWHG�

LQIDQWV�ZLWK�LQIOXHQ]D�UHODWHG�DFXWH�UHVSLUDWRU\�IDLOXUH�KDG�PRUH�VHYHUH�LOOQHVVHV�WKDQ�FKLOGUHQ�ZLWK�

RWKHU�EDFWHULDO�LQIHFWLRQV�RU�QR�EDFWHULDO�FR�LQIHFWLRQ��DQG�WKH\�ZHUH�QLQH�WLPHV�PRUH�OLNHO\�WR�SDVV�

DZD\�� :LWKLQ� ��� KRXUV� RI� 3,&8� DGPLVVLRQ�� DQWL�056$� GUXJV� ZHUH� OLQNHG� WR� SRVLWLYH� KRVSLWDO�

RXWFRPHV��$�FKLOG
V� ULVN�RI�GHDWK�ZDV�����WLPHV� KLJKHU�ZKHQ�HDUO\� YDQFRP\FLQ�ZDV�XVHG�DV� WKHLU�

RQO\�DQWL�056$�WUHDWPHQW�WKDQ�ZKHQ�HDUO\ YDQFRP\FLQ�DORQJ�ZLWK�WKH�HDUO\�XVH�RI�DQRWKHU�056$�

ILJKWLQJ�PHGLFDWLRQ�

,Q�VWXG\�E\�(��&XTXHPHOOH�B�&��%UXQ�%XLVVRQ�HW�DO� :H�SUHVHQW�GDWD�RQ�����SDWLHQWV�ZLWK�VHYHUH�

$�+�+�� LQIOXHQ]DH� SQHXPRQLD�� RI� ZKLFK� QHDUO\� ���� KDG� GRFXPHQWHG� EDFWHULDO� FR�LQIHFWLRQV�

ZLWKRXW�UHFHLYLQJ�SULRU�DQWLELRWLF�WKHUDS\��6WUHSWRFRFFXV�SQHXPRQLDH�ZDV�WKH�SUHGRPLQDQW�FDXVH�RI�

FR�LQIHFWLRQV��$�3&7� OHYHO RI����� OJ�O�RU�KLJKHU�ZDV� IRXQG�WR�EH�QHFHVVDU\�WR�GLVWLQJXLVK�EHWZHHQ�

LVRODWHG�YLUDO�DQG�PL[HG� �EDFWHULDO� DQG�YLUDO��SQHXPRQLD� LQ� WKH���� LQGLYLGXDOV� LQ�ZKRP�3&7�ZDV�

DVVHVVHG�
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,Q�VWXG\�E\�$PUHHWD�'KDQRD�HW�DO� ,Q�FRPSDULVRQ�WR�SDVW�VWXGLHV��WKH�UDWH�RI�EDFWHULDO�FR�LQIHFWLRQ

DPRQJ� RXU� +�1�� KRVSLWDOLVHG� SDWLHQWV� ZDV� KLJKHU� ���� SHUFHQW��� ,Q� D� ODUJH� ODERUDWRU\� VWXG\�

FRQGXFWHG� LQ� WKH�8QLWHG� 6WDWHV�� FR�LQIHFWLRQ UDWHV�ZLWK� EDFWHULD�ZHUH� VKRZQ� WR� EH� VLPLODU� WR� RXU�

DQDO\VLV��ZKLOH�YLUXV�FRSDWKRJHQ�GHWHFWLRQ�ZDV�RQO\�YHU\� LQIUHTXHQW��,Q�FRQWUDVW�WR�HDUOLHU�VWXGLHV
�

ILQGLQJV� WKDW� SDWLHQWV� ZLWK� +�1�� LQIHFWLRQV� WHQGHG� WR� EH� \RXQJHU�� WKRVH� RYHU� ��� KDG� D� KLJKHU�

IUHTXHQF\�RI�EDFWHULDO�FR�LQIHFWLRQ�LQ�RXU�VWXG\��EDFWHULDO�LQIHFWLRQV�DUH�VWLOO�D�,QIHFWLRQV�WKDW�DUH�RI�

FRQFHUQ� FDQ� FRH[LVW� DQG� VLJQLILFDQWO\� DIIHFW� PRUWDOLW\� LQ� SULRU� LQIOXHQ]D� SDQGHPLFV�� WKHLU�

LQYROYHPHQW�LQ�WKH�RQJRLQJ�+�1��SDQGHPLF�LV�VWLOO�GHYHORSLQJ��%DFWHULDO�OXQJ�LQIHFWLRQV�KDYH�EHHQ�

OLQNHG�WR�DQ�LQFUHDVH�LQ�IDWDO�+�1��FDVHV��DFFRUGLQJ�WR�UHFHQW�SRVWPRUWHP�UHVHDUFK��

$� PRUH� UHFHQW� VWXG\� FRQWUDGLFWHG� D� SUHYLRXV� VWXG\� WKDW� IRXQG� EDFWHULDO� FR�LQIHFWLRQ� ZDV� QRW� D�

VLJQLILFDQW�IDFWRU�LQ�WKH�GHYHORSPHQW�RI�VHYHUH�LOOQHVV�

,Q�VWXG\�E\�'DOYD�$VVXQFDR�3RUWDUL�0$1,1,�HW�DO� ,Q�VXEMHFWV� IURP�WKUHH�GLIIHUHQW�6R�5RTXH��

63�� %UD]LO� ORFDOLWLHV�� LW� ZDV� GLVFRYHUHG� WKDW� 6WHQRWURSKRPRQDV� PDOWRSKLOLD� FR�LQIHFWHG� ������

SHUFHQW�RI�WKH�WKLUWHHQ�FRQILUPHG�LQIOXHQ]D�YLUXV�LQ�VDPSOHV�LVRODWHG�IURP�SLJV��KRUVHV��DQG�KXPDQV�

�ZRUNLQJ� DV� YHWHULQDULDQV� RU� IHHGLQJ� WKH� DQLPDOV�� IURP� ORFDWLRQV� D� DQG� F� GXULQJ� WKH� LQIOXHQ]D�

VHDVRQ��$W� WKH�WLPH�RI� WKHVH�H[SHULPHQWV�� WKH�FRQILUPHG� LQIOXHQ]D�VDPSOHV�DW� VLWH�E�GLG� QRW� VKRZ�

VLJQV� RI� EDFWHULDO� FR�LQIHFWLRQ��7KHUH�ZDV� QR� HYLGHQFH� RI� LQIOXHQ]D� �QHJDWLYHV�� LQ WKH� ILQDO� ������

VDPSOHV�JDWKHUHG��$V�D�UHVXOW�RI�WKH�EDFWHULDO�SURWHDVH�DQG�HODVWDVH�FOHDYLQJ�DQG�DFWLYDWLQJ�WKH�+$�

RI� WKHVH� YLUXVHV�� WKLV� FR�LQIHFWLRQ OHG� WKH� LQIOXHQ]D� YLUXV� WR� ZRUVHQ�� 7KLV� ZDV� HYLGHQW� IURP� WKH�

VWURQJ�F\WRSDWKLF�HIIHFW�RI� WKH� LQIHFWHG�FHOO� FXOWXUHV�� ,W�ZDV�GHWHUPLQHG� WKDW�FR�LQIHFWLRQ� EHWZHHQ�

EDFWHULD�DQG�WKH�LQIOXHQ]D�YLUXV� LV�SRVVLEOH�DQG�SRVHV�D�ULVN�WR�VXVFHSWLEOH�KRVWV��&R�LQIHFWLRQ�WKDW�
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OHDGV� WR� UHVSLUDWRU\� WURSLVP� RI� WKH� LQIOXHQ]D� YLUXV�� VXFK� DV� WKDW� FDXVHG� E\� 6WHQRWURSKRPRQDV�

PDOWRSKLOLD� SURWHDVH�� UHSUHVHQWV� D� VWURQJ� PXWXDO� DLG�� IDFLOLWDWLQJ� HLWKHU� RSSRUWXQLVW� EDFWHULDO�

LQYDVLRQ� LQWR� WKH� UHVSLUDWRU\� WUDFW� RU� H[DFHUEDWLRQ� RI� WKH� YLUDO� LQIHFWLRQ� WKURXJK� WKH� FOHDYDJH�

DFWLYDWLRQ�RI�WKH�+$�LQIOXHQ]D�

,Q�VWXG\�E\�$OH[DQGUH�(ODEEDGL�HW�DO � 6 EDFWHULDO�FR�LQIHFWLRQ UDWHV�LQ�FULWLFDOO\�LOO�DGXOW�SDWLHQWV�

ZLWK� VHYHUH� &29,'���� SQHXPRQLD�� $OO� SDWLHQWV� DGPLWWHG� WR� WKH� 7HQRQ� 8QLYHUVLW\�WHDFKLQJ�

KRVSLWDO
V� LQWHQVLYH� FDUH� XQLW� �,&8�� EHWZHHQ� )HEUXDU\� ��� DQG� 0D\� �� RI� ����� ZKR� KDG� VHYHUH�

&29,'����SQHXPRQLD�WKDW�KDG�EHHQ�FRQILUPHG�LQ�WKH�ODE�ZHUH�LQFOXGHG��:LWKLQ����KRXUV�RI�,&8�

DGPLVVLRQ��VDPSOHV�RI�WKH�UHVSLUDWRU\�V\VWHP�ZHUH�FROOHFWHG������SDWLHQWV�ZHUH�VHQW�WR�WKH�,&8�IRU�

VHYHUH�SQHXPRQLD�FDXVHG�E\�&29,'����GXULQJ�WKH�VWXG\�SHULRG��2Q�DUULYDO�WR�WKH�,&8��WKH�

PDMRULW\�RI�SDWLHQWV�������SHUFHQW��Q� �����KDG�LQWXEDWLRQV�DQG�ZHUH�EHLQJ�PHFKDQLFDOO\�YHQWLODWHG��

���UHVSLUDWRU\�WUDFW�VDPSOHV�ZHUH�FROOHFWHG�RYHUDOO���������ZLWKLQ�WKH�ILUVW����KRXU�VWDSK\ORFRFFXV

1HDUO\�KDOI�RI�WKH�HDUO\�RQVHW�EDFWHULDO�HWLRORJLHV�ZHUH�DWWULEXWHG�WR�WKH�SULPDU\�SDWKRJHQ��DXUHXV��:H�

GLVFRYHUHG�D�KLJK�LQFLGHQFH�RI�HDUO\�RQVHW�6��DXUHXV�SUHGRPLQDQW�EDFWHULDO�FR�LQIHFWLRQ GXULQJ�VHYHUH�

&29,'����SQHXPRQLD�

,Q�VWXG\�E\�/HLOL�MLD�HW DO��)DLOHG�DQWLEDFWHULDO�UHVLVWDQFH��V\QHUJLVWLF�LPPXQRORJLFDO�SDWKRJHQLFLW\��

DQG� IDLOHG� WROHUDQFH� DUH� RQO\� D� IHZ� RI� WKH� IDFWRUV� WKDW� FRQWULEXWH� WR� LQFUHDVHG� PRUWDOLW\� DIWHU�

LQIOXHQ]D�DVVRFLDWHG� EDFWHULDO� FR�LQIHFWLRQV�� %HFDXVH� LW� LV� VWLOO� D� UHODWLYHO\� QHZ� LGHD� LQ� DQLPDO�

LPPXQRORJ\��WROHUDQFH�QHHGV�WR�EH�JLYHQ�PRUH�DWWHQWLRQ�LQ�RUGHU�WR�IXOO\�XQGHUVWDQG�KRZ�LW�DIIHFWV�

FR�LQIHFWLRQ��&R�LQIHFWLRQV�ZLWK�YLUXVHV�RU�EDFWHULD�PDNH� LW�PRUH�GLIILFXOW� WR�WUHDW�HLWKHU� LQIHFWLRQ��
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)RU�LQVWDQFH��LW�LV�XQNQRZQ�LI�DQWLYLUDO�PHGLFDWLRQV�WKDW�UHGXFH�YLUDO�ORDG�KDYH�D�LPSDFWFRQFRPLWDQW

EDFWHULDO FRQWDPLQDWLRQ� 6LPLODUO\�� LW� LV� XQNQRZQ� LI� WUHDWPHQWV� WR� UHGXFH� KXPDQ� LQIODPPDWRU\�

UHVSRQVHV�WR�EDFWHULDO�FR�LQIHFWLRQ�DUH�HIIHFWLYH��,Q�RUGHU�WR�FKRRVH�WKH�EHVW�WKHUDSHXWLF�VWUDWHJLHV�WR�

DGGUHVV� WKH� PDLQ� LVVXH�� LW� PD\� EH� FUXFLDO� WR� GLVWLQJXLVK� EHWZHHQ� IDLOHG� UHVLVWDQFH� DQG� IDLOHG�

WROHUDQFH�� ,W� LV� FRQFHLYDEOH� WR� FUHDWH� QHZ� UHFRPELQDQW� YDFFLQHV� WKDW� FRQWDLQ� ERWK� LQIOXHQ]D� DQG�

EDFWHULDO� DQWLJHQV� EHFDXVH��ZKLOH� E\� XQLGHQWLILHG� SURFHVVHV�� PRUWDOLW\� GXULQJ� FR�LQIHFWLRQ� FDQ� EH�

UHGXFHG�ZKHQ�EDFWHULDO�LQIHFWLRQ�RFFXUV�SULRU�WR�LQIOXHQ]D�FKDOOHQJH�

,Q� VWXG\� E\�.HYLQ� -��0F+XJK�HW� DO ,Q� WKLV� UHVHDUFK��ZH� VKRZ� WKH� YDOXH� RI� XWLOLVLQJ� DQ� XQLTXH�

RXWEUHG�PRXVH�OLQH�WR�LQYHVWLJDWH�WKH�JHQHWLF�SKHQRW\SH�RI�YLUDO�DQG�EDFWHULDO�SQHXPRQLD�VHYHULW\��

:H� FDQ� GUDZ� FRUUHODWLYH� FRQFOXVLRQV� DERXW� WKH� FKDUDFWHULVWLFV� RI� VHYHUH� LOOQHVV� DHWLRORJ\� E\�

VWXG\LQJ� D� JHQHWLFDOO\� KHWHURJHQHRXV� DQLPDO� SRSXODWLRQ�� 7KH� GHILQLWLRQ� RI� GHWHUPLQDQWV�� RU�

ELRPDUNHUV��RI�VHYHUH�GLVHDVH�WKDW�PD\�EH�FRQQHFWHG�WR�PRUELGLW\�DQG�GHDWK��LV�D�SDUWLFXODU�XVH�RI�

WKLV� PHWKRG�� ([DPLQLQJ� PDUNHUV� RI� LQFUHDVHG� FOHDUDQFH� RU� ORZHU� PRUELGLW\� FDQ� SURYLGH� SURYLGH�

PHFKDQLVWLF� LQVLJKW� LQWR� LPPXQRORJLFDO� KRVW� GHIHQFH� SURFHVVHV�� 7KH� PRVW� UHFHQW� QHZ� +�1��

SDQGHPLF� FDXVHG� QXPHURXV 6WXGLHV� ZHUH� XQGHUWDNHQ� WR� LQYHVWLJDWH� WKH� OLQN� EHWZHHQ� VHUXP�

F\WRNLQHV� DQG� WKH� VHYHULW\� RI� WKH� GLVHDVH�$� VWURQJ� FRQQHFWLRQ� EHWZHHQ� ,/��� OHYHOV� DQG� LQIOXHQ]D�

VHYHULW\�HPHUJHG�DV�WKH�PDLQ�FRQVLVWHQW�FRQFOXVLRQ�LQ�DOO�UHVHDUFK��2XU�PRXVH�VWXG\�IRXQG�D�VWURQJ�

FRUUHODWLRQ�EHWZHHQ�RQJRLQJ�,/���SURGXFWLRQ�DQG�KLJKHU�PRUELGLW\��,/���KDV�EHHQ�GHPRQVWUDWHG�WR�

EH� FUXFLDO� IRU� WKH� KRVW� GHIHQFH� DJDLQVW� WKH� LQIOXHQ]D� YLUXV� LQ� PLFH� VWXGLHV�� ,QFUHDVHG� QHXWURSKLO�

PRUWDOLW\�ZDV�VHHQ� LQ� ,/��� UHFHSWRU� DQG� ,/���GHILFLHQW�DQLPDOV� FRPSDUHG� WR�:7�PLFH�� WKH� OXQJ�

GDPDJH� ZDV� ZRUVH� DQG� WKH� YLUDO� SHUVLVWHQFH� ZDV� KLJKHU�� )XUWKHUPRUH�� ,/��� ��� PLFH� GLVSOD\HG�
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GHFUHDVHG� &'��� 7� FHOO� PHPRU\� UHVSRQVHV� WR� LQIOXHQ]D� YLUXV�� SRVVLEO\� DV� D� UHVXOW� RI� LQFUHDVHG�

UHJXODWRU\� 7� FHOO� DFWLYDWLRQ�� 7KHVH� ILQGLQJV� LQGLFDWH� WKDW� LQKLELWLQJ� ,/��� GXULQJ� LQIOXHQ]D� YLUXV�

LQIHFWLRQ� LV� XQOLNHO\� WR� EH� D� VXFFHVVIXO� WUHDWPHQW� VWUDWHJ\��+RZHYHU�� WKH� OHYHO� RI� ,/��� SURGXFWLRQ�

FRXOG�VHUYH�DV�D�KHOSIXO�ELRPDUNHU�IRU�WKH�GHYHORSPHQW�RI�VHYHUH�GLVHDVH��71)� ZDV�DOVR�IRXQG�WR�

SRVLWLYHO\�FRUUHODWH�ZLWK�WKH�VHYHULW\�RI�WKH�IOX�LQ�KXPDQ�

71)� ZDV� DOVR� RYHUH[SUHVVHG� LQ� RXU� PRXVH� PRGHO� DQG� VKRZHG� D� VXEVWDQWLDO� FRQQHFWLRQ� ZLWK�

LQFUHDVHG�PRUELGLW\�GXULQJ�EORRG�WHVWV�LQ�DGGLWLRQ�WR�,/���

,Q� VWXG\� E\� *XVWDYR� 3DODFLRV�HW� DO ,Q� ERWK� WKH� FXUUHQW� DQG� SULRU� LQIOXHQ]D� SDQGHPLFV�� 6��

SQHXPRQLDH� KDV� EHHQ� OLQNHG� WR� ERWK�PRUELGLW\� DQG�PRUWDOLW\��+RZHYHU�� WKLV� VWXG\� LV� WKH� ILUVW� WR�

VKRZ�WKH�SUHGLFWLYH�YDOXH�RI�QRQ�LQYDVLYH�DQWHPRUWHP�6��SQHXPRQLDH� LQIHFWLRQ� LGHQWLILFDWLRQ��DQG�

LW� PD\� RIIHU� JXLGDQFH� IRU� WKHUDSHXWLF� WKHUDS\�� 6HFRQGDU\� EDFWHULDO� LQIHFWLRQV� DUH� WKRXJKW� WR�

FRQWULEXWH� WR� +�1�� LQIOXHQ]D� PRUELGLW\� DQG� PRUWDOLW\�� $FXWH� EDFWHULDO� SQHXPRQLD�OLNH�

KLVWRSDWKRORJLF�IHDWXUHV�ZHUH�IUHTXHQWO\�IRXQG�ZKHQ�OXQJ�WLVVXH�VDPSOHV�IURP�GHFHDVHG������

LQIOXHQ]D�FDVHV�ZHUH�DQDO\VHG��/XQJ�VDPSOHV�IURP����IDWDO������LQIOXHQ]D�SDQGHPLF�YLFWLPV�ZHUH�

FXOWXUHG� DIWHU� GHDWK� DQG� IRXQG� WR� LQFOXGH�6�� SQHXPRQLDH� ������ 6�� DXUHXV� ��������+�� LQIOXHQ]DH�

���������DQG�HPRO\WLFXV���������������SHUFHQW���7KH�SUHVHQFH�RI�6��SQHXPRQLDH�LQ�136�SUHGLFWV�D�

VHYHUH�LOOQHVV�RXWFRPH�LQ�RXU�LQYHVWLJDWLRQ�RI�+�1�SGP�VXIIHUHUV�IURP�$UJHQWLQD��6��SQHXPRQLDH�

H[SRVXUH�KDV�DQ�HVSHFLDOO\�KLJK�ULVN� IRU�SHRSOH�DJHG���WR�����,Q� IDFW��XVLQJ�D�PXOWLYDULDWH�ORJLVWLF�

UHJUHVVLRQ�PRGHO� WKDW� WDNHV� LQWR� DFFRXQW� WKH� SUHVHQFH� RI�6�� SQHXPRQLDH� DORQJ�ZLWK� RWKHU� YLUXVHV�

RXWVLGH� LQIOXHQ]D� DQG� D� FKL�VTXDUH� WHVW�� WKH� VHYHULW\� RI� GLVHDVH� LQ� WKLV� ORZ� ULVN� FDWHJRU\� FDQ� EH�
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SUHGLFWHG� ZLWK� ������� DFFXUDF\���� 6�� PHGLFDO� FRQGLWLRQ� DW� ULVN�� 7KH� SDWKRSK\VLRORJ\� RI� WKH�

LQIOXHQ]D�YLUXV�DQG�6��SQHXPRQLDH�ZRUNLQJ�WRJHWKHU� LV�RXWOLQHG��,W�KDV�EHHQ�VKRZQ�E\�0DGKL�DQG�

FROOHDJXHV� WKDW�YDFFLQDWLRQ�DJDLQVW�6��SQHXPRQLDH� ORZHUV� WKH� LQFLGHQFH�RI�SQHXPRQLD� EURXJKW�RQ�

E\�LQIOXHQ]D�$��569��DQG�SDUDLQIOXHQ]D�YLUXVHV��,QIOXHQ]D�QHXUDPLQLGDVH�KDV�EHHQ�GHPRQVWUDWHG�LQ�

DQLPDO�PRGHOV�WR 5HPRYH�VLDOLF�DFLG�UHVLGXHV�WR�UHYHDO� WKH�UHVSLUDWRU\�HSLWKHOLXP
V�SQHXPRFRFFDO�

UHFHSWRUV��,Q�IDFW��QHXUDPLQLGDVH�SRWHQF\�DQG�DQ�LQIOXHQ]D�YLUXV�VWUDLQ
V�DELOLW\�WR�FDXVH�SQHXPRQLD�

DUH�FRQQHFWHG�

,Q�VWXG\�E\�$PEHU�0��6PLWK�HW�DO� NL :H�LQIHFWHG�JURXSV�RI�PLFH�ZLWK�HLWKHU�WKH�+�1��VXEW\SH�

LQIOXHQ]D�$�YLUXV�$�3XHUWR�5LFR�������35���RU�D�YDULDQW�H[SUHVVLQJ�WKH������3%��)��SURWHLQ��35��

3%��)���������� DQG� WKHQ� VHYHQ�GD\V� ODWHU�ZLWK� HLWKHU� W\SH� ��'���RU� W\SH ��$����� RI� WKH� WZR�6��

SQHXPRQLDH�VWUDLQV�� LQ�RUGHU�WR�DGGUHVV�WKH�PHFKDQLVPV�DQG�GHWHUPLQH�WKH� LQIOXHQFHV�RI�SDWKRJHQ�

GRVH�DQG�VWUDLQ�RQ�GLVHDVH��:H�IRXQG�WKDW�DIWHU�EDFWHULDO�LQIHFWLRQ��YLUXV�WLWHUV�LQLWLDOO\�ULVH�DQG�WKHQ�

VWHDGLO\�IDOO��%DFWHULDO�WLWHUV ULVH�TXLFNO\�WR�KLJK�YDOXHV�DQG�UHPDLQ�KLJK��8WLOL]LQJ�D�7R�LQYHVWLJDWH�

WKH�OLQNHG�LQWHUDFWLRQV�DQG�UHVHDUFK�WKH�SUHGRPLQDWH�UHJXODWLQJ�PHFKDQLVPV��XVH�D�QHWLF�PRGHO��:H�

SURSRVH�WKDW�LQFUHDVHG�YLUDO�UHOHDVH�IURP�LQIHFWHG�FHOOV�FDXVHV�YLUDO�WLWHUV�WR�UHERXQG�LQ�WKH�SUHVHQFH�

RI�EDFWHULD��ZKHUHDV� LPSDLUHG�DOYHRODU�PDFURSKDJH� IXQFWLRQ�FDXVHV�DQ� LQFUHDVH� LQ� EDFWHULDO� WLWHUV��

,QLWLDO�EDFWHULDO�GRVDJH�KDV�DQ�LPSDFW�RQ�G\QDPLFV��ZKLOH�WKH�H[SUHVVLRQ�RI�WKH�LQIOXHQ]D������3%��

)��SURWHLQ�KDV�QR�VXFK�HIIHFW��2XU�PRGHO�RIIHUV�D�SODWIRUP�IRU�VWXG\LQJ�WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�

SDWKRJHQV�GXULQJ�FR�LQIHFWLRQV�DQG� UHYHDOV�G\QDPLFDO� YDULDWLRQV�GHSHQGHQW�RQ� LQRFXOXP�VL]H�DQG�

VWUDLQ�



��

,Q� VWXG\� E\� 'HQLVH� (�0RUULV� HW� DO 9LUDO� LQIHFWLRQ� KHOSV� EDFWHULDO� LQIHFWLRQ� LQ� VHYHUDO� ZD\V��

LQFOXGLQJ�E\�H[SRVLQJ�RU�RIIHULQJ�PRUH�VLWHV�IRU�DGKHVLRQ��UHGXFLQJ�LPPXQH�UHVSRQVHV��DQG�FDXVLQJ�

FHOO�DQG�WLVVXH�GHDWK��ZKLFK�SURPRWHV�EDFWHULDO�JURZWK�DQG�WKH�GHYHORSPHQW�RI� LQYDVLYH� LQIHFWLRQ��

7KHUHIRUH�� EDFWHULDO� LQIHFWLRQ� KDV� WKH� SRWHQWLDO� WR� DIIHFW� FOLQLFDO� RXWFRPHV� DQG� GLVHDVH� VHYHULW\��

9LUXV� DQG� EDFWHULDO� FR�LQIHFWLRQ� FDQ�� RI� FRXUVH�� EHQHILW� RQH� DQRWKHU�� SURPRWLQJ� YLUDO� LQIHFWLRQ��

ZKLFK� LV� KDUPIXO� IRU� WKH� JHQHUDO� SXEOLF
V� KHDOWK�� (YHQ� LI� DQWLELRWLFV� FDQ� OHVVHQ� WKH� HIIHFWV� RI ��

FR�VHFRQGDU\�EDFWHULDO�LQIHFWLRQ��ZH�VWLOO�QHHG�WR�EHWWHU�XQGHUVWDQG�WKH�LQWHUDFWLRQV�EHWZHHQ�YLUXVHV��

8QGHUVWDQGLQJ� DOO� LOOQHVV� SDWKZD\V�� LQFOXGLQJ� WKRVH� LQYROYLQJ� PLFURRUJDQLVPV� DQG� WKHLU� KRVW�

HVSHFLDOO\�LQ�YLHZ�RI�WKH�ULVH�LQ�DQWLELRWLF�UHVLVWDQFH�DQG�WKH�DGDSWDELOLW\�DQG�UHVLVWDQFH�WR�YDFFLQH�

LQGXFHG� LPPXQLW\� RI� PLFURRUJDQLVPV�� ,Q� RUGHU� WR� LQIRUP� FOLQLFDO� WUHDWPHQW� DQG� GHYHORSPHQW��

SDUWLFXODUO\�LQ�WKH�FRQWH[W�RI�DQ�LQIOXHQ]D�HSLGHPLF�RU�SDQGHPLF�� LW�LV�FUXFLDO�WR�DQDO\VH�WKH�VWUDLQV�

DQG�W\SHV�RI�EDFWHULD�DQG�YLUXVHV�WKDW�DUH�VSUHDGLQJ�DPRQJ�DQG�FRQWLQXLQJ�WR�EH�WUDQVPLWWHG�DFURVV�

WKH�JHQHUDO�SRSXODFH�

,Q�VWXG\�E\�5KLDQQRQ�5��3HQNHUW�HW�DO 7KH�RQO\�F\WRNLQH�RU�FKHPRNLQH�WKDW�ZDV�UHGXFHG�LQ�9$'�

DQLPDOV� DV� FRPSDUHG� WR� FRQWUROV�ZDV�5$17(6��%HFDXVH�5$17(6� FDQ� EH� SURGXFHG� E\� DQG� FDQ�

FRQWURO�7�FHOOV��ORZ�5$17(6�SURGXFWLRQ�FDQ�EH�ERWK�D�FDXVH�DQG�DQ�HIIHFW�RI�7�FHOO�G\VIXQFWLRQ��

7KHUHIRUH��WKH�ORZ�H[SUHVVLRQ�RI�5$17(6�VKRZQ�LQ�QDLYH�9$'�PLFH�PD\�KDYH�FRQWULEXWHG�WR�WKH�

SRRU�UHFUXLWPHQW�RI�7�FHOOV�GXULQJ�LQIOXHQ]D�LQIHFWLRQ��ZKLFK�PD\�H[SODLQ�WKH�GHFUHDVHG�H[SUHVVLRQ�

RI�5$17(6� ODWH� LQ� LQIHFWLRQ��7KH� DEHUUDQW�%�FHOO� UHVSRQVHV� LQ�9$'�PLFH�ZHUH� DFFRPSDQLHG� E\�

DOWHUDWLRQV� LQ�F\WRNLQH�FKHPRNLQH�SURGXFWLRQ�DQG� LQDGHTXDWH�7�FHOO�UHFUXLWPHQW��$OWKRXJK�%�FHOOV�



��

ZHUH�VHHQ� LQ�WKH� OXQJV�RI�9$'�PLFH��EXW�WKH\�ZHUH�SRRUO\�RUJDQLVHG��ZKLFK�PD\�KHOS�WR�H[SODLQ�

ZK\�9$'�LV�IUHTXHQWO\�DVVRFLDWHG�ZLWK�ORZ�DQWLERG\�SURGXFWLRQ��7KH�SRRU�%�FHOO�RUJDQLVDWLRQ�VHHQ�

LQ�RXU�VWXG\�PD\�EH�H[SODLQHG�E\�WKH�ORZ�&'���7�FHOO�IUHTXHQFLHV��ZKLOH�YLWDPLQ�$�FDQ�SRWHQWLDOO\�

GLUHFWO\�DIIHFW�%�FHOO� IRUPDWLRQ�DQG� IXQFWLRQ��PDNLQJ� WKHP�PRUH�VXVFHSWLEOH� WR� VKRFNV��$OWKRXJK�

YLWDPLQ� $� KDV� EHHQ� VWXGLHG� DV� DQ� DQWL�LQIODPPDWRU\� LQ� YLWUR�� LWV� HIIHFWV� LQ� YLYR� DUH� IUHTXHQWO\�

VWLPXODWRU\� UDWKHU� WKDQ� LQKLELWRU\� RI� DGDSWLYH� LPPXQLW\�� :KHQ� YLWDPLQ� $� HQFRXUDJHV� IXQFWLRQDO�

&'�� 7� FHOOV�� &'��� 7� FHOOV�� DQG� %� FHOOV� LQ� WKH� UHVSLUDWRU\� WUDFW� PD\� VWRS� WKH� VSUHDG� RI� WKH�

SDWKRJHQ��DYHUWLQJ�FHOO�GHDWK�DQG� LPPXQRSDWKRORJ\��9LUDO�FOHDUDQFH� LV� LPSDLUHG� LQ�WKH�DEVHQFH�RI�

YLWDPLQ� $�� DQG� LQIODPPDWLRQ� GRHV� QRW� KHDO� HIIHFWLYHO\�� $QRWKHU� FRQWHQWLRXV� LVVXH� LV� WKH�

DGPLQLVWUDWLRQ�RI�KLJK�GRVH�9$6V�WR�KRVSLWDOLVHG�SDWLHQWV�ZLWK�UHVSLUDWRU\�LOOQHVVHV�

$� EHQHILW� ZDV� GHPRQVWUDWHG� DPRQJ� SDWLHQWV� KRVSLWDOL]HG� ZLWK� PHDVOHV� LQ� WKH� GHYHORSLQJ� ZRUOG�

%HIRUH�DFTXLVLWLRQ�RI�QHZ�FOLQLFDO�GDWD� D�FDXWLRXV�DSSURDFK�PD\�EH�WR�HQFRXUDJH�DGHTXDWH�GLHWDU\

LQWDNH�RI�YLWDPLQ�$�DQG�WR�UHVHUYH�9$6V�IRU�LQGLYLGXDOV�ZKR FDQQRW�DFFHVV�YLWDPLQ�ULFK�IRRGV�

,Q�VWXG\�E\�,JQDFLR�0DUWLQ�ORHFKHV�HW�DO��$FFRUGLQJ�WR�WKH�ILQGLQJV��FR�LQIHFWLRQ�LV�QRZ�IRXQG�LQ�

RQH�RXW�RI�HYHU\�VL[�FULWLFDOO\�VLFN�SDWLHQWV�ZKR�DUH�EURXJKW�WR�WKH�,&8�DQG�KDYH�D�VHYHUH�LQIOXHQ]D�

YLUXV� LQIHFWLRQ�� 7KLV� FR�LQIHFWLRQ� UDWH� KDV� EHHQ� ULVLQJ� RYHU� WKH� SDVW� IHZ� HSLGHPLFV�� $OPRVW� DOO�

SDWLHQWV� �ZLWK� RU� ZLWKRXW� FR�LQIHFWLRQ�� UHFHLYHG� DQWLELRWLF� PHGLFDWLRQ�� PDNLQJ� FR�LQIHFWLRQ� ZLWK�

LQIOXHQ]D�DQ�LQGHSHQGHQW�ULVN�IDFWRU�OLQNHG�WR�JUHDWHU�,&8�PRUWDOLW\��6XUSULVLQJO\��WKH�

DGPLQLVWUDWLRQ� RI� WKH� SURSHU� DQWLELRWLF� PHGLFDWLRQ� ZDV� QRW� OLQNHG� WR� D� EHWWHU� UHVXOW�� %RWK�

HSLGHPLRORJLFDO�DQG�WUDQVODWLRQDO�UHVHDUFK�VKRXOG�IRFXV�PRUH�RQ�WKH�SDWKRJHQLFLW\�RI�LQIOXHQ]D�DQG�
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WKH�LQWULFDWH�KRVW�SDWKRJHQ�LQWHUDFWLRQV�LQ�SDWLHQWV�ZKR�KDYH�FR�LQIHFWLRQ�



��
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$,0��2%-(&7,9(6���

����7R�HVWLPDWH�WKH�SUHYDOHQFH�RI�LQIOXHQ]D�GLVHDVH�ZLWK�VHFRQGDU\�EDFWHULDO�LQIHFWLRQ�

�����7R�HVWDEOLVK�D�UHODWLRQVKLS�EHWZHHQ�WKH�GLVHDVH�RXWFRPH�RI�VHFRQGDU\�EDFWHULDO� LQIHFWLRQ�LQ�

YLUDO�LQIOXHQ]D�SDWLHQWV�

5$7,21$/(

7KH� REMHFWLYH� WR� GR� WKLV� VWXG\� LV� WR� HVWDEOLVK� WKH� FRUUHODWLRQ� EHWZHHQ� LQIOXHQ]D� LQIHFWLRQ� DQG�

VHFRQGDU\�EDFWHULDO�LQIHFWLRQ�WKH�VWXG\�ZLOO�FRPSULVH�RI�YDULRXV�UHVHDUFK�DUWLFOHV�RUJLQDO�DUWLFOHV�

DQG�UHYLHZ�DUWLFOHV�EDVHG�RQ�WKH�WRSLF�
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0(7+2'2/2*<��������

$5($�2)�678'<���9LURORJ\�DQG�EDFWHULRORJ\�

5(6($5&+�2)�'(6,*1��4XDOLWDWLYH�DQG�4XDQWLWDWLYH��

'$7$�7<3(��VHFRQGDU\�PRGH�RI�GDWD�FROOHFWLRQ�

D�'DWD�IURP�YDULRXV�MRXUQDO�

E�'DWD�IURP�ERRNV�

F�2QOLQH�GDWD�IURP�YDULRXV�OLWHUDWXUH�UHYLHZV�

5(6($5&+�722/� VHFRQGDU\�GDWD�IURP�SXEOLVKHG�UHSRUW�RI

DUWLFOHV�

7,0(�)5$0(� $OO�WKH�VWXGLHV�LQ�LQGH[HG�MRXUQDO�IURP������WR������

6($5&+�(1*,1(��3XE�PHG��*RRJOH�VFKRODU�

(7+,&$O&/($5(1&(�:HUH� DSSOLHG
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2%6(59$7,21

$1'

5(68/7�
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6�1R� $87+25 <($5 &28175< 678'< ),1',1*

��
,JQDFLR�
0DUWLQ̻/RHFKHV���


(W�DO

���� %HUOLQ�
+HLGHOEHUJ

7KHUH�ZHUH�������������FR�LQIHFWHG�
SDWLHQWV�RXW�RI������,&8�SDWLHQWV�ZLWK�
LQIOXHQ]D��)URP������SHUFHQW�����������
LQ������WR������SHUFHQW����������LQ�
������WKHUH�ZHUH�PRUH�LQFLGHQFHV�RI�FR�
LQIHFWLRQ �3���������3DWLHQWV�ZLWK�FR�
LQIHFWLRQ�WHQGHG�WR�EH�ROGHU��DGMXVWHG�
RGGV�UDWLR��D25����������SHUFHQW�
FRQILGHQFH�LQWHUYDO����������3��������
DQG�PRUH�IUHTXHQWO\�LPPXQRVXSSUHVVHG�
GXH�WR�SULRU�+,9�LQIHFWLRQ��D25������3�
�������RU�PHGLFDWLRQ��D25������3� �
�������&R�LQIHFWLRQ�ZDV�D�ULVN�IDFWRU�RQ�
LWV�RZQ�IRU�,&8�PRUWDOLW\��D25������3�
����������GD\�PRUWDOLW\��D25������3� �
�������DQG�KRVSLWDO�PRUWDOLW\��D25������
3��������

�� 5KLDQQRQ�5��3HQNHUW�

(W�DO

���� $PHULFD� 7KH�LPPXQH�V\VWHP�ZDV�RXW�RI�EDODQFH�
LQ�QDLYH�9$'�PLFH�OXQJV��7KH�
IUHTXHQF\�RI�QHXWURSKLOV�LQFUHDVHG��DQG�
5$17(6²D�FKHPRNLQH�LPSRUWDQW�IRU�
7�FHOO�KRPLQJ�DQG�UHFUXLWPHQW²ZKLFK�
LV�UHJXODWHG�RQ�DFWLYDWLRQ�RI�QRUPDO�7�
FHOOV�SURGXFHG�DQG�VHFUHWHG²ZDV�
VLJQLILFDQWO\�UHGXFHG��)DLOXUHV�LQ�&'���
7�FHOO�UHFUXLWPHQW�DQG�%�FHOO�
RUJDQLVDWLRQ�LQWR�O\PSKRLG�WLVVXHV�LQ�WKH�
OXQJ ZHUH�VHHQ�LQ�9$'�PLFH�IROORZLQJ�
LQIOXHQ]D�YLUXV�LQIHFWLRQ��9$'�DQLPDOV�
KDG�VORZHU�YLUDO�FOHDUDQFH�DQG�KLJKHU�
YLUDO�WLWHUV�WKDQ�FRQWURO�PLFH��,QQDWH�FHOO�
VXEVHWV�DQG�SUR�LQIODPPDWRU\�F\WRNLQHV�
ZHUH�RYHUH[SUHVVHG�LQ�WKH�OXQJV��
$UJLQDVH��KRZHYHU��D�VLJQ�RI�
DOWHUQDWLYHO\�DFWLYDWHG�0��PDFURSKDJHV�



��

��
'HQLVH�(��0RUULV�

(W�DO

���� 0DOD\VLD 7KH�IRXUWK�OHDGLQJ�FDXVH�RI�GHDWK�
ZRUOGZLGH�LV�ORZHU�DQG�XSSHU�
UHVSLUDWRU\�LQIHFWLRQV�
5HVSLUDWRU\�LQIHFWLRQ�HSLGHPLF�DQG�
SDQGHPLF�RXWEUHDNV�DUH�D�VHULRXV�
PHGLFDO�FRQFHUQ�EHFDXVH�WKH\�
IUHTXHQWO\�UHVXOW�LQ�VLJQLILFDQW�
VLFNQHVV�DQG�D�KLJK�PRUWDOLW\�WROO��
XVXDOO\�ZLWKLQ�D�EULHI�SHULRG�RI�WLPH��
$�VLJQLILFDQW�FRQWULEXWRU�WR�HSLGHPLF�
DQG�SDQGHPLF�LQIHFWLRQ�LV�LQIOXHQ]D��
6WUHSWRFRFFXV�SQHXPRQLDH��
+DHPRSKLOXV�LQIOXHQ]DH��DQG�
6WDSK\ORFRFFXV�DXUHXV�KDYH�EHHQ�
GHVFULEHG�DV�WKH�PRVW�IUHTXHQW�FDXVHV�
RI�EDFWHULDO�FR�VHFRQGDU\�LQIHFWLRQ��
ZKLFK�IXUWKHU�HQKDQFHV�PRUELGLW\�
DQG�PRUWDOLW\�RI�LQIOXHQ]D�LQIHFWLRQ��
,W�LV�FULWLFDO�WR�WUDFN�WKH�HSLGHPLRORJ\�
RI�SDWKRJHQV�LQ�FLUFXODWLRQ�WR�JXLGH�
WKHUDSHXWLF�GHYHORSPHQW�DQG�
WUHDWPHQW��HVSHFLDOO\�LQ�WKH�PLGVW�RI�
DQ�LQIOXHQ]D�HSLGHPLF�RU�SDQGHPLF��
JLYHQ�WKH�ULVH�LQ�DQWLELRWLF�UHVLVWDQFH�
DQG�YDFFLQH�HYDVLRQ�

��
$PEHU�0��6PLWK

(W�DO

���� 8QLWHG�6WDWHV�
RI�$PHULFD

�,QIOXHQ]D�OXQJ�WLWHUV�IRU�35��DQG�
35��3%��ERWK�VWDUW�RII�H[SRQHQWLDOO\�
ULVLQJ�WR�PD[LPDO�WLWHUV�RI����_����
7&,'���PO�OXQJ�KRPRJHQDWH�DQG�
���_����7&,'���PO�OXQJ�
KRPRJHQDWH��UHVSHFWLYHO\��0LFH�
LQMHFWHG�ZLWK�35��VDZ�YLUDO�WLWHUV�
SHDN�DW����KRXUV�DIWHU�LQRFXODWLRQ�
�S�L�����ZKHUHDV�PLFH�LQMHFWHG�ZLWK�
35��3%�� DWWDLQHG�KLJK�WLWHUV��HTXDO�
WR�WKH�SHDN�RI�35���D�OLWWOH�VRRQHU�DW�
���KRXUV�S�L��+RZHYHU��35��3%��
7KURXJK�GD\���DIWHU�LQMHFWLRQ��
)��������UHDGLQJV�DUH�VWLOO�KLJK��
7KHQ��DV�WKH�PLFH�VWDUW�WR�UHFRYHU��WKH�
YLUDO�WLWHUV�RI�ERWK�VWUDLQV�VWDUW�WR�IDOO�



��

�� *XVWDYR�3DODFLRV� (W�DOO ���� &DQDGD 0DVV7DJ�3&5�ZDV�XVHG�WR�FKHFN�IRU�
WKH�SUHVHQFH�RI����YLUDO�DQG�EDFWHULDO�
UHVSLUDWRU\�SDWKRJHQV��DV�ZHOO�DV�136�
VDPSOHV�IURP�����+�1�SGP�
SRVLWLYH�SDWLHQWV��ZKLFK�ZHUH�
FROOHFWHG�EHWZHHQ�-XQH����DQG�-XO\���
DV�SDUW�RI�DQ�LQYHVWLJDWLRQ�LQWR�WKH�
SDQGHPLF�+�1��LQIOXHQ]D�RXWEUHDN�
LQ�$UJHQWLQD�
$OO�VDPSOHV�ZHUH�WHVWHG�XVLQJ�WKH�
:+2�DSSURYHG�5HDO�7LPH�3&5�
+�1�SGP�DVVD\�WR�HQVXUH�WKDW�
+�1�SGP�ZDV�SUHVHQW�EHIRUH�
0DVV7DJ�3&5�H[SHULPHQWV�EHJDQ�

��
.HYLQ�-��0F+XJK�

(W�DO

���� 8QLWHG�6WDWHV�
RI�$PHULFD

LQ�WKH�FRQWH[W�RI�PRXVH�LQIOXHQ]D��$�
:H�VHOHFWHG�WR�FUHDWH�D�QRYHO�PRGHO�
IRU�LQIOXHQ]D�YLUXV�LQIHFWLRQ�LQ�D�
UHFHQWO\�DFFHVVLEOH�RXWEUHG�PRXVH�
OLQH�LQ�RUGHU�WR�PRVW�HIIHFWLYHO\�
H[SORUH�WKH�PROHFXODU�SURILOH�RI�
LQIOXHQ]D�YLUXV�LQIHFWLRQ�VHYHULW\�LQ�
PLFH��:H�XVHG�-DFNVRQ�/DERUDWRULHV�
'LYHUVLW\�2XWEUHG��-'2��PLFH�WR�GR�
WKLV��$V�DQ�HQKDQFHPHQW�RYHU�FXUUHQW�
RXWEUHG�FRORQLHV��-DFNVRQ�
/DERUDWRULHV�MXVW�GHEXWHG�WKLV�XQLTXH�
OLQH��,Q�RUGHU�WR�SURWHFW�IRXQGHU�
JHQRPHV�DQG�SUHYHQW�DOOHOLF�ORVV��
-'2�PLFH�ZHUH�FUHDWHG�XVLQJ�DQ�
XQLTXH�RXWEUHHGLQJ�WHFKQLTXH��7KH�
&ROODERUDWLYH�&URVV�PLFH�IURP�ZKLFK�
WKH�-'2�IRXQGHUV�ZHUH�GHVFHQGHG�
�&&���7KH�&&�LV�D�VL]DEOH�FROOHFWLRQ�
RI�LQEUHG�PRXVH�VWUDLQV�SURGXFHG�
WKURXJK�DQ�HLJKW�ZD\�FURVV�EHWZHHQ�
D�EDWFK�RI�PLFH�WKDW�FRPSULVHV�
VSHFLPHQV�IURP�WKUHH�GLIIHUHQW�
VWUDLQV�GHVFHQGHG�IURP�ZLOG�DQLPDOV��
5HFHQW�VWXGLHV�XWLOLVLQJ�&&�PLFH�
KDYH�ORRNHG�RQ�VHYHULW\�PDUNHUV��
LQIHFWLRQ�E\�WKH�YLUXV�35��������7R�
PD[LPLVH�DOOHOLF�YDULDWLRQ�DFURVV�WKH�
HQWLUH�JHQRPH��ZH�KDYH�DGRSWHG�WKH�
-'2�PRGHO�LQ�WKLV�VWXG\��-DFNVRQ�
/DERUDWRULHV�SURYLGHV�DQ�DUUD\ FKLS�
WR�PDS�PRUH�WKDQ���������VLQJOH�



��

QXFOHRWLGH�SRO\PRUSKLVPV��ZKLFK�LV�
DQ�DGGLWLRQDO�EHQHILW��613���,Q�WKH�

IXWXUH��WKLV�ZRXOG�HQDEOH�XV�WR�
H[HFXWH�613� DQDO\VLV�RQ PLFH�ZLWK�
LQWHUHVWLQJ�SKHQRW\SHV�LQ�UHVSRQVH�WR�
LQIOXHQ]D�YLUXVDQG�RU�FR�LQIHFWLRQ�

�� <LQJ]KL�/LX HW�DO� ���� +RQJ�.RQJ
6W ����� �������� FOLQLFDOO\�
VXVSHFWHG� DQG� ������ �������
ODERUDWRU\�FRQILUPHG� YLUDO�
EDFWHULDO� FR�LQIHFWLRQV� ZHUH� IRXQG�
LQ� ������� SDWLHQWV�ZLWK� UHVSLUDWRU\�
YLUDO� LQIHFWLRQ�� 7KH� WKUHH� PRVW�
SUHYDOHQW�EDFWHULDO�SDWKRJHQV�LQ�WKH�
JURXS� ZLWK� ODERUDWRU\�FRQILUPHG�
FR�LQIHFWLRQV� ZHUH� 6WUHSWRFRFFXV�
SQHXPRQLDH� ������������
3VHXGRPRQDV� DHUXJLQRVD�
������������ DQG� +DHPRSKLOXV�
LQIOXHQ]DH� ������������ �����
SHUFHQW��� DPRQJ� DOO� EDFWHULDO�
VSHFLHV�� UHVSLUDWRU\� YLUXVHV� DQG�
PHWKLFLOOLQ�UHVLVWDQW� RU� QRQ�
SQHXPRFRFFDO�VWUHSWRFRFFL�
F 7KH�JUHDWHVW�PRUWDOLW\�UDWH�LQ�WKLV�
VDPSOH�ZDV�OLQNHG�WR�DSK\ORFRFFXV�
DXUHXV� ������� RU� ������ DQG� �������
RU� ������� 7KRVH� ZLWK� ODERUDWRU\�
FRQILUPHG� FR�LQIHFWLRQ� KDG� KLJKHU�
���GD\� PRUWDOLW\� �S�  � ������� DQG�
,&8� DGPLVVLRQ� UDWHV� �S� �������
FRPSDUHG� WR� SDWLHQWV� LQ� RWKHU
LQIHFWLRQ� JURXSV�� 7KHVH� ILQGLQJV�
SHUVLVWHG� HYHQ� DIWHU� SURSHQVLW\�
VFRUH�PDWFKLQJ�ZDV�XVHG�WR�FRQWURO�
IRU� SRWHQWLDO� FRQIRXQGHUV��
$GGLWLRQDOO\��WKH�PRUWDOLW\�UDWH�ZDV�
QRWLFHDEO\�JUHDWHU�DPRQJ�

LQGLYLGXDOV�ZLWK�FR�LQIHFWLRQV�WKDW�
ZHUH�SURYHQ�LQ�WKH�ODE��RPSDUHG�WR�
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SDWLHQWV� ZLWK� EDFWHULDO� LQIHFWLRQ�
DORQH�

��
0DVDIXPL�6HNL�HW�DO� ���� )XNXRND ,Q� FRPSDULVRQ� WR� LQGLYLGXDOV� ZLWK�

EDFWHULDO� SQHXPRQLD� DORQH�� WKRVH�ZLWK�
LQIOXHQ]D� YLUXV� LQIHFWLRQ� ZHUH� PRUH�
OLNHO\� WR� KDYH� FRPSOLFDWLRQV� ZLWK�
FKURQLF� OXQJ� LOOQHVVHV� 7KH� WZR�
JURXSV
� KHDUW� UDWHV� DQG� ERG\�
WHPSHUDWXUHV� ZHUH� OLNHZLVH�
VWDWLVWLFDOO\� GLIIHUHQW�� 7KH� VHYHULW\� RI�
SQHXPRQLD�� DV� DVVHVVHG� XVLQJ� WKH�
FULWHULD� RI� WKH� -DSDQ� 5HVSLUDWRU\�
6RFLHW\� �-56�� DQG�RU� WKH� ,QIHFWLRXV�
'LVHDVHV� 6RFLHW\� RI� $PHULFD� �,'6$���
DV� ZHOO� DV� &53� OHYHOV�� ZHUH� DOO�
VLJQLILFDQWO\� ZRUVH� LQ� SDWLHQWV� ZLWK�
EDFWHULDO� SQHXPRQLD� ZKR� ZHUH� DOVR�
LQIHFWHG�ZLWK� WKH� LQIOXHQ]D� YLUXV� WKDQ�
LQ� SDWLHQWV� ZLWK� EDFWHULDO� SQHXPRQLD�
DORQH�
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�� $GULHQQH�*��5DQGROSK HW�
DO�

���� %RVWRQ DQW���� FKLOGUHQ� ����� LQIOXHQ]D� $��
��� LQIOXHQ]D� %��� &KLOGUHQ� ZLWK�
LQIOXHQ]D�056$� SQHXPRQLD� ZHUH�
ROGHU� WKDQ� WKRVH� ZLWK� QRQ�056$�
�1�  � ���� RU� QR� �1�  � ���� EDFWHULDO�
FR�LQIHFWLRQV� �1�  � ���� ��� SHUFHQW�
SUHYLRXVO\� KHDOWK\��� ,Q�FRPSDULVRQ�
WR� HLWKHU� JURXS�� LQIOXHQ]D�056$�
ZDV� OLQNHG� WR� KLJKHU� UDWHV� RI�
OHXNRSHQLD�� DFXWH� OXQJ� GDPDJH��
YDVRSUHVVRU�XVH��H[WUDFRUSRUHDO�OLIH�
VXSSRUW�� DQG� PRUWDOLW\� �3� ��������
056$� LQFUHDVHG� WKH� ULVN� RI�
LQIOXHQ]D�UHODWHG� GHDWK� IURP� ����
SHUFHQW� WR� ��� SHUFHQW� �UHODWLYH� ULVN�
>55@�� ����� ��� SHUFHQW� FRQILGHQFH�
LQWHUYDO� >&,@�� ����������� ,I�
WUHDWPHQW� LQFOXGHG� D� VHFRQG�
DQWLELRWLF��GHDWK�ZDV��������1� ���
���� RI� ������ 056$�LQIHFWHG� NLGV�
ZKR� UHFHLYHG� YDQFRP\FLQ� GXULQJ�
WKH� ILUVW� ��� KRXUV� RI� DGPLVVLRQL�
056$�DQWLELRWLF�FRPSDUHG�WR������
SHUFHQW� �1�  � ������ ZLWK�
YDQFRP\FLQ� PRQRWKHUDS\� �55��
����� �� SHUFHQW� &,�� ����� ������ 3�
 ������� ,QLWLDO� WURXJK� OHYHOV� ZHUH�
XQDIIHFWHG� E\� YDQFRP\FLQ� GRVDJH��
���SHUFHQW�ZHUH�OHVV�WKDQ����J�P/�

���
&DWLD�&LOOBRQL] ���� %DUFHORQD &$3�H[SHULHQFHG�D����SHUFHQW�

SUHYDOHQFH�RI�LQIOXHQ]D�$�+�1��
LQIHFWLRQ�GXULQJ�WKH�SDQGHPLF�HUD�
�Q�����������SDWLHQWV��RU����SHUFHQW��
RXW�RI�WKH�����ZH�HYDOXDWHG�KDG�
EDFWHULDO�FR�LQIHFWLRQ��
6WUHSWRFRFFXV�SQHXPRQLDH���������
SHUFHQW��DQG�3VHXGRPRQDV�
DHUXJLQRVD ZHUH�WKH�PRVW�
IUHTXHQWO\�LVRODWHG�EDFWHULDO�
SDWKRJHQV��������SHUFHQW����&KURQLF�
REVWUXFWLYH�SXOPRQDU\�GLVHDVH�
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�&23'��DQG�DQ�LQFUHDVH�LQ�SODWHOHW�
FRXQW�ZHUH�SUHGLFWRUV�RI�EDFWHULDO�

FR�LQIHFWLRQ��1LQH�SHUFHQW�RI�SDWLHQWV�
LQ�KRVSLWDOV�SDVVHG�DZD\��0RUWDOLW\�
ULVN�IDFWRUV�LQFOXGHG�VHSWLF�VKRFN�DQG�
DJH�PRUH�WKDQ����
PHFKDQLFDO�YHQWLODWLRQ�LV�UHTXLUHG��
WRR��$OWKRXJK�LQGLYLGXDOV�ZLWK�
EDFWHULDO�FR�LQIHFWLRQ�KDG�JUHDWHU�
3QHXPRQLD�UDWHV�DW�SUHVHQWDWLRQ
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$OWKRXJK�WKHUH�KDV�ORQJ�EHHQ�NQRZOHGJH�RI�WKH�ULVN�WKDW�EDFWHULDO�FR�LQIHFWLRQV�LQ�LQIOXHQ]D�SDWLHQWV�

SURYLGH��WKH�H[WHQW�RI�FR�LQIHFWLRQ KDV�QRW�EHHQ�FDUHIXOO\�LQYHVWLJDWHG��&OLQLFLDQV�FDQ�EHWWHU�EDODQFH�

WKH� JRDO� WR� UHGXFH� EDFWHULDO� LQIHFWLRQ�UHODWHG� SDWLHQW� PRUELGLW\� DQG� GHDWK� ZLWK� WKH� HIIHFWV� RI�

LQDSSURSULDWH�DQWLELRWLF�XVDJH�RQ�ERWK�WKH�SDWLHQW�DQG�VRFLHW\�E\�EHLQJ�DZDUH�RI� WKH�SRVVLELOLW\�RI�

EDFWHULDO� FR�LQIHFWLRQ LQ� KRVSLWDOLVHG� LQIOXHQ]D� SDWLHQWV�� :H� FRQGXFWHG� D� V\VWHPDWLF� UHYLHZ� DQG�

PHWD�DQDO\VLV� RI� VWXGLHV� SXEOLVKHG� VLQFH� ����� WR�GHWHUPLQH� KRZ� IUHTXHQWO\� EDFWHULDO� FR�LQIHFWLRQ

RFFXUV�LQ�SDWLHQWV�ZLWK�ODERUDWRU\�FRQILUPHG�LQIOXHQ]D�

&OLQLFLDQV� FRQWLQXH� WR� VWUXJJOH� LQ� VHSDUDWLQJ� YLUDO� IURP� EDFWHULDO� LQIHFWLRQV�� 7KH� PLVXVH� RI�

DQWLELRWLFV� LQ� LQGLYLGXDOV� ZLWK� YLUDO� LOOQHVVHV� LV� D� ZHOO�NQRZQ� FRQVHTXHQFH� RI� WKLV� GLDJQRVWLF�

DPELJXLW\��,I�D�SDWLHQW�KDV�LQIOXHQ]D�UHODWHG�SQHXPRQLD�RU�LV�WKRXJKW�WR�KDYH�D�EDFWHULDO� LQIHFWLRQ��

WKH�&'&� DGYLVHV� XVLQJ� ERWK� DQWLYLUDO� GUXJV� DQG� DQWLELRWLFV� DW� WKH� VDPH� WLPH��+RZHYHU�� DV� RWKHU�

REVHUYDWLRQDO�VWXGLHV�KDYH�GHPRQVWUDWHG��LQIOXHQ]D�SDWLHQWV�DGPLWWHG�WR�WKH�KRVSLWDO�DUH�PRUH�OLNHO\�

WR�EH�JLYHQ�DQWLELRWLFV�WKDQ�DQWLYLUDO�GUXJV��$FFRUGLQJ�WR�RXU�UHVHDUFK��ZKLOH�KRVSLWDOLVHG�SDWLHQWV�

ZLWK� PRGHUDWH� WR� VHYHUH� LQIOXHQ]D� PD\� DOVR� KDYH� EDFWHULDO� DQG� YLUDO� SDWKRJHQ� LQIHFWLRQV�� WKH�

PDMRULW\�RI�SDWLHQWV�DUH�SUREDEO\�QRW�JRLQJ�WR��,Q�OLJKW�RI�WKLV��HYHQ�WKRXJK�UHFRJQLVLQJ�DQG�WUHDWLQJ�

SRVVLEOH� EDFWHULDO� FR�LQIHFWLRQV� LV� FUXFLDO�� HVSHFLDOO\� FRPPXQLW\�DFTXLUHG�&OLQLFLDQV� VKRXOG� WKLQN�

DERXW� WUHDWLQJ�SRWHQWLDO�XQGHUO\LQJ�YLUDO�SURFHVVHV�DV�ZHOO�� HVSHFLDOO\� IRU�KLJK�ULVN�SDWLHQWV��ZKHQ�

WUHDWLQJ�SQHXPRQLD�ZKHUH�EDFWHULD�DUH�GLIILFXOW�WR� LGHQWLI\��2XU�UHVHDUFK�DOVR�VXJJHVWV�WKDW�URXWLQH�

FXOWXUHV�DUH�DGYLVHG�LQ�SDWLHQWV�KRVSLWDOLVHG�ZLWK�LQIOXHQ]D��SDUWLFXODUO\�WKRVH�ZKR�VWDUWHG�DQWLELRWLF�

WKHUDS\� HPSLULFDOO\�� LQ� RUGHU� WR� SUHYHQW� WKH� RYHUXVH� RI� DQWLELRWLFV�� %DVHG� RQ� WKH�PLFURELRORJLFDO�

ILQGLQJV��DQWLELRWLF�PHGLFDWLRQ�PD\� WKHQ� EH� UHGXFHG�DV�QHHGHG��&RQVHTXHQWO\�� WKH� VWXG\�GRHV�QRW�



��

UHSUHVHQW� WKH� YDVW� PDMRULW\� RI� LQIOXHQ]D� SDWLHQWV�� LQFOXGLQJ� DV\PSWRPDWLF� LQGLYLGXDOV�� ZKR� DUH

KRVSLWDOLVHG�� 7KLV� SRLQWV� XS� D� KROH� LQ� WKH� H[LVWLQJ� OLWHUDWXUH� EHFDXVH� LW� LV� VWLOO� XQFOHDU� KRZ� RIWHQ�

RXWSDWLHQWV�ZLWK�FRQILUPHG� LQIOXHQ]D�KDYH� EDFWHULDO� FR�LQIHFWLRQ� &ROOHFWLQJ�RU� ILQGLQJ�D� EDFWHULDO�

VDPSOH��7KLV�ODFN�RI�VWDWLVWLFDOO\�VLJQLILFDQW�YDULDWLRQ�PD\�EH�WKH�UHVXOW�RI�XQUHFRUGHG�GLIIHUHQFHV�LQ�

WKH�VWXGLHV��VXFK�DV�JHQHWLF�YDULDWLRQV�LQ�WKH�SRSXODWLRQV��UHJLRQDO�YDULDWLRQV�LQ�WKH�VHYHULW\�RI�YLUDO�

RU� EDFWHULDO� LOOQHVV�� XQUHFRUGHG� SDWLHQW� FRPRUELGLWLHV�� WUHDWPHQW� YDULDWLRQ�� RU� DV� SUHYLRXVO\�

PHQWLRQHG�� DQWLELRWLF� XVH��/DVWO\�� GHVSLWH� RXU� EHVW� HIIRUWV��ZH�ZHUH� XQDEOH� WR� H[SODLQ� WKH� QRWDEOH�

YDULDWLRQ�EHWZHHQ�WULDOV��,W�FRXOG�QRW�EH�H[SODLQHG�E\�YDULDWLRQV� LQ�WKH�DJH��\HDU�� ORFDWLRQ�RI�VWXG\�

HQUROPHQW��VWXG\�GHVLJQ��VWXG\�VL]H��RU�SURFHGXUH�RI�WKH�SDWLHQWV� 7KH�KLJK�KHWHURJHQHLW\�DQG�ODFN�RI�

VWDWLVWLFDOO\� VLJQLILFDQW� FRYDULDWHV� DOVR� LQGLFDWH� WKH� QHHG� IRU� IXUWKHU� UHVHDUFK� WR� EHWWHU� XQGHUVWDQG�

EDFWHULDO� FR�LQIHFWLRQ UDWHV�� SDWKRJHQ�VSHFLILF� RXWFRPHV�� WKH� LPSDFW� RI� LQFUHDVHG� WHVWLQJ� IRU� ERWK�

EDFWHULDO�DQG�YLUDO�SDWKRJHQV��DQG�WKH�HIIHFWLYHQHVV�RI�LQWHUYHQWLRQV��VXFK DV�LQFUHDVHG�DQWLYLUDO�GUXJ�

XVH��7KHVH�DUH�HVSHFLDOO\�FUXFLDO� LQ�YLHZ�RI�UHFHQW�GLVFRYHULHV�WKDW�VXVSHFWHG�FRPPXQLW\�DFTXLUHG�

SQHXPRQLD� LQIHFWLRQV� ZHUH� PRUH� IUHTXHQWO\� GLVFRYHUHG� WR� FRQWDLQ� YLUDO� SDWKRJHQV� WKDQ� EDFWHULDO�

SDWKRJHQV�
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$OWKRXJK� WKH� ILQGLQJV� ZHUH� H[WUHPHO\� YDULHG�� ZH� GLVFRYHUHG� WKDW� EDFWHULDO� FR�LQIHFWLRQ RI�

KRVSLWDOLVHG� SDWLHQWV�ZLWK� LQIOXHQ]D� LV� IUHTXHQWO\� FRPPRQ��6�� SQHXPRQLDH� DQG�6�� DXUHXV�ZHUH�

WKH�WZR�PDLQ�FR�LQIHFWLQJ�VSHFLHV�LQ�WKH�LQYHVWLJDWLRQV��DOWKRXJK�QXPHURXV�DGGLWLRQDO�RUJDQLVPV�

ZHUH� DOVR� GLVFRYHUHG� WR� EH� LQIHFWLRXV�� ,Q� RUGHU� WR� SUHYHQW� H[SRVLQJ� SDWLHQWV� WR� WKH� KD]DUGV� RI�

H[WHQGHG�QHHGOHVV�DQWLELRWLF�XVDJH��KHDOWKFDUH�SURYLGHUV�VKRXOG�WDNH�LQWR�DFFRXQW�WKH�SRVVLELOLW\�

RI�EDFWHULDO�FR�LQIHFWLRQ LQ�SDWLHQWV�KRVSLWDOLVHG�ZLWK�LQIOXHQ]D��3RVVLEOH�FR�LQIHFWLRQ ZLWK�:KHQ�

FKRRVLQJ� WKH� EHVW� DQWLELRWLFV��056$� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW�� HVSHFLDOO\� IRU� FRPPXQLW\�

DFTXLUHG�SQHXPRQLD� LQIHFWLRQV��7KHUDS\� VKRXOG�EH�VWRSSHG�RU� VFDOHG�EDFN�DV� QHHGHG�EDVHG�RQ�

WKH� PLFURELRORJLFDO� UHVXOWV�� ,Q� WKH� ILQDO� DQDO\VLV�� WKH� IUHTXHQF\� RI� FR�LQIHFWLRQ LQ� WKH� WRWDO�

LQIOXHQ]D�SDWLHQW�SRSXODWLRQ��LQFOXGLQJ�RXWSDWLHQWV��VKRXOG�EH�EHWWHU�GHVFULEHG�
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5()(5(1&(6�

>�@�:X�<�:X�<��7HIVHQ�%�VKL�<�*DR�*)��%DW�� LQIOXHQ]D��OLNH�YLUXVHV�+��1���DQG�+���1����

7UHQGV�0LFURELRO���������������������

>�@�*DUFLD�VDVWUH$�7KH�QHXUDPLQLGDVH�RI�EDW�LQIOXHQ]D�YLUXVHV�LV�QRW�D�QHXUDPLQLGDVH��3URF�1DWO�

$FDG�VFL�8�6�$���������������������������

>�@� 6FKPRONH� 0�� *DUFLD�VDVWUH� $�� HYDVLRQ� RI� LQQDWH DQG� DGDSWLYH� LPPXQH� UHVSRQVHV� E\�

LQIOXHQ]D�$�YLUXV��&HOO�PLFURELDO���������������������

>�@� 9RVVHQ07� �ZHVWHUKRXW� (0� 6RGHUEHUJ� �1DXFOHU� &� ZLHUW]� (-� 9LUDO� LPPXQH� � � � HYDVLRQ� �D�

PDVWHUSLHFH�RI�HYROXWLRQ���LPPXQRJHQHWLFV��������������������

>�@�&KHUWRZ�'6��&RQWULEXWLRQ�RI�EDFWHULDO� FR�LQIHFWLRQ WR�VHYHUH� LQIOXHQ]D� LQIHFWLRQ��&ULW�&DUH�

0HG�������������±�����

>�@�6KHQJ�=�0��&KHUWRZ�'6��$PEURJJLR�;�HW�DO��$XWRSV\�VHULHV�RI����FDVHV�G\LQJ�EHIRUH�DQG�

GXULQJ�WKH������LQIOXHQ]D�SDQGHPLF�SHDN��3URF�1DWO�$FDG�6FL�86$ ��������������±�������

>�@�:HEVWHU� 5*��%UDFLDOH� 7-��0RQWR�$6�� /DPE� 5$�� 7H[WERRN�RI� LQIOXHQ]D�� �QG� HGLWLRQ�� HG��

&KLFKHVWHU��:HVW�6XVVH[��8.���+RERNHQ��1-��:LOH\�%ODFNZHOO������������

>�@� &KHUWRZ� '6� 0HPROL� 0-� %DFWHULDO� FR�LQIHFWLRQ LQ� LQIOXHQ]D�� D� JUDQG URXQGV�

UHYLHZ� -$0$ ������������± ���
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>�@� :DQJ� ;�<� .LOJRUH� 3(� /LP� .$ HW DO� ,QIOXHQ]D� DQG� EDFWHULDO� SDWKRJHQ� FR�LQIHFWLRQV� LQ� WKH�

��WK�

FHQWXU\� ,QWHUGLVFLS�3HUVSHFW�,QIHFW�'LV ����� ����� �������

>��@� &HQWHUV� IRU� 'LVHDVH� &RQWURO� 3UHYHQWLRQ� 6HYHUH� FR�LQIHFWLRQ ZLWK� VHDVRQDO� LQIOXHQ]D� $�

�+�1��� YLUXV� DQG� 6WDSK\ORFRFFXV� DXUHXV±0DU\ODQG�� )HEUXDU\�0DUFK� ����� 00:5� 0RUE�

0RUWDO�:NO\�5HS ����� ��� ���± ����

>��@� 5DQGROSK� $*� 9DXJKQ� )� 6XOOLYDQ� 5 HW DO� &ULWLFDOO\� LOO� FKLOGUHQ� GXULQJ� WKH� ����±�����

LQIOXHQ]D�SDQGHPLF�LQ�WKH�8QLWHG�6WDWHV� 3HGLDWULFV ����� ���� H����± H��

>��@�5HHG�&� .DOOHQ�$-� 3DWWRQ�0 HW DO� ,QIHFWLRQ�ZLWK�FRPPXQLW\�RQVHW�6WDSK\ORFRFFXV�DXUHXV�

DQG�LQIOXHQ]D�YLUXV�LQ�KRVSLWDOL]HG�FKLOGUHQ� 3HGLDWU�,QIHFW�'LV�- ����� ��� ���± ����

<DQJ 0�HW� DO��%DFWHULDO� FR�LQIHFWLRQ� LV� DVVRFLDWHG�ZLWK� VHYHULW\� RI� DYLDQ� LQIOXHQ]D�$� �+�1����

DQG�SURFDOFLWRQLQ�LV�D�XVHIXO�PDUNHU�IRU�HDUO\�GLDJQRVLV����������������������

>��@� 5DWK�%�� &RQUDG� 7��0\OHV� 3�� HW� DO�� ,QIOXHQ]D� DQG� RWKHU� UHVSLUDWRU\� YLUXVHV�� VWDQGDUGL]LQJ�

GLVHDVH�VHYHULW\�LQ�VXUYHLOODQFH�DQG�FOLQLFDO�WULDOV��([SHUW�5HY�$QWL�,QIHFW�7KHU�����������������

�����

>��@�3HWHUDQGHUO�&��+HUROG�6��6FKPROGW�&��+XPDQ�,QIOXHQ]D�9LUXV�,QIHFWLRQV��6HPLQ�5HVSLU�&ULW�

&DUH�0HG����������������������

>��@� .DOLO� $&�� 7KRPDV� 3*�� ,QIOXHQ]D� YLUXV�UHODWHG� FULWLFDO� LOOQHVV�� SDWKRSK\VLRORJ\� DQG�

HSLGHPLRORJ\��&ULW�&DUH������������������
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>��@�&�+��/HXQJ��+�.��7VHQJ��:�6��:DQJ��+�7��&KLDQJ��$�<��:X��&�3��/LX

&OLQLFDO�FKDUDFWHULVWLFV�RI�FKLOGUHQ�DQG�DGXOWV�KRVSLWDOL]HG�IRU�LQIOXHQ]D�YLUXV�LQIHFWLRQ

>��@� 0LFURELRO�,PPXQRO�,QIHFW���������������'HF���SS���������

>��@��(�<��.OHLQ��%��0RQWHIRUWH��$��*XSWD��:��-LDQJ��/��0D\��<�+��+VLHK��HW�DO�

7KH�IUHTXHQF\�RI�LQIOXHQ]D�DQG�EDFWHULDO�FR�LQIHFWLRQ��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV

,QIOX�2WKHU�5HVSL�9LUXVHV�������������SS���������

>��@���&HQWHUV�IRU�'LVHDVH�&RQWURO5�2�&��7DLZDQ���7DLZDQ�LQIOXHQ]D�H[SUHVV ������

ZHHN���������������������KWWS���ZZZ�FGF�JRY�WZ�HQJOLVK�OLVW�DVS["WUHHLG ��('��'�&���%

%��	QRZWUHHLG �'$��&�����'��&���$FFHVVHG���WK�'HF������

>��@���%��/HH��.�0��5RELQVRQ��.�-��0F+XJK��(�9��6FKHOOHU��6��0DQGDODSX��&��&KHQ��HW�DO�

,QIOXHQ]D�LQGXFHG�W\SH�,� LQWHUIHURQ�HQKDQFHV�VXVFHSWLELOLW\�WR�JUDP�QHJDWLYH�DQG�JUDP�SRVLWLYH�

EDFWHULDO�SQHXPRQLD� LQ�PLFH $P� -�3K\VLRO�/XQJ�&HOO�0RO�3K\VLRO������ ���� ������-XO������SS��

/����/����

>��@���&�<��<HK��)�'��:DQJ��<�&��&KXDQJ��&�-��<DQJ��6�)��+XDQJ��:�6��:HQJ��HW�DO�

&OLQLFDO�RXWFRPHV�DQG�SURJQRVWLF�IDFWRUV�RI�SDWLHQWV�ZLWK�VHYHUH�LQIOXHQ]D�UHFHLYLQJ�LQWUDYHQRXV�

SHUDPLYLU�VDOYDJH�WKHUDS\�LQ�LQWHQVLYH�FDUH�XQLWV

-�0LFURELRO�,PPXQRO ,QIHFW�������������SS����������

>��@�����&��$LNDZD��7��1R]DZD��)��0DUX\DPD��.��7VXPRWR��6��+DPDGD��,��1DNDJDZD

5HDFWLYH�R[\JHQ�VSHFLHV�LQGXFHG�E\�6WUHSWRFRFFXV�S\RJHQHV LQYDVLRQ�WULJJHU�DSRSWRWLF�FHOO�GHDW�
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LQIHFWHG�HSLWKHOLDO�FHOOV� &HOO��0LFURELRO�� �����������SS����������

>��@ &DL�HW DO������� 7��&DL��4�<��/HL��/�<��:DQJ��;�/��=KD 7*)�ȕ���PRGXODWHG�WKH�H[SUHVVLRQ�RI�
Į�ȕ��LQWHJULQ�DQG�LQWHJULQ�PHGLDWHG�VLJQDOLQJ�LQ�KXPDQ�KHSDWRFDUFLQRPD�FHOOV %LRFKHP��%LRSK\V��
5HV��&RPPXQ���������������SS����������

>��@� � � � � � � � � &KHUWRZ� DQG�0HPROL�� ���� '�6��&KHUWRZ��0�-��0HPROL %DFWHULDO� FR�LQIHFWLRQ LQ�

LQIOXHQ]D��D�JUDQG�URXQGV�UHYLHZ -$0$��������������SS����������

>��@� � 7KRPSVRQ�::�� 6KD\� '.��:HLQWUDXE� ( HW DO��0RUWDOLW\� DVVRFLDWHG� ZLWK� LQIOXHQ]D� DQG�
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