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5HFHLYHG���-XO\������$FFHSWHG����-DQXDU\�����

$%675$&7

� 6HYHUDO�SODQWV�KDYH�EHHQ�UHFHQWO\�UHSRUWHG�WR�SRVVHVV�DQWLFDQFHU�SRWHQWLDO��$OOLXP�FHSD�URRW�WLS�DVVD\�LV�D�SUHOLPLQDU\�
VWXG\� WR�DVVHVV� WKH�F\WRWR[LF�HIIHFW�RI �SODQW�H[WUDFWV��7KH�F\WRWR[LF�DFWLYLW\�RI �SODQWV�FDQ�EH�FRUUHODWHG� WR� WKHLU�
DQWLFDQFHU� SRWHQWLDO�� &\WRWR[LF� SRWHQWLDO� RI � 3RJRVWHPRQ� KH\QHDQXV� �/DPLDFHDH�� ZDV� HYDOXDWHG� XVLQJ�$�� FHSD� URRW�
PHULVWHPDWLF�FHOOV��7KLV�VWXG\�ZDV�DLPHG�DW�DQDO\]LQJ�F\WRWR[LF�SRWHQWLDO�RI �3��KH\QHDQXV�XVLQJ�$OOLXP�FHSD�URRW�WLS�DVVD\��
)RXU�GLIIHUHQW�FRQFHQWUDWLRQV�RI �WKH�DTXHRXV�OHDI �H[WUDFWV�DW�WKUHH�GLIIHUHQW�GXUDWLRQV�ZHUH�H[DPLQHG��'LVWLOOHG�ZDWHU�
ZDV�XVHG�DV�FRQWURO��7KH�H[WUDFW�ZDV�IRXQG�WR�EH�F\WRWR[LF�DW�DOO�WHVWHG�FRQFHQWUDWLRQV��ZKHQ�FRPSDUHG�WR�FRQWURO��
0LWRWLF�LQGH[�ZDV�IRXQG�WR�EH�GHFUHDVLQJ�ZLWK�WKH�LQFUHDVH�LQ�H[WUDFW�FRQFHQWUDWLRQV�DQG�WUHDWPHQW�GXUDWLRQV��7KH�
DTXHRXV�H[WUDFW�RI �3��KH\QHDQXV�ZDV�IRXQG�WR�EH�DQ�HIIHFWLYH�F\WRWR[LF�DJHQW��LQGXFLQJ�YDULRXV�FODVWRJHQLF�DQG�QRQ�
FODVWRJHQLF�DEHUUDWLRQV�VXFK�DV�FKURPRVRPH�JDSV��EULGJHV��PXOWLSRODU�DQDSKDVH��IUDJPHQWV��QXFOHDU�EXGGLQJ�DQG�
OHVLRQV��K\SHUFKURPDVLD��ODJJDUGV�DQG�PLWRWLF�SDLULQJ��

� .H\ZRUGV��$OOLXP�FHSD�DVVD\��DQWL�PLWRWLF��FKURPRVRPDO�DEHUUDWLRQV��F\WRWR[LFLW\��3RJRVWHPRQ�KH\QHDQXV
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5HFHQW�\HDUV�KDYH�ZLWQHVVHG�WKH�LPSRUWDQFH�RI �
SODQW�GHULYHG� KHUEDO� PHGLFLQHV� DJDLQVW� PDQ\�
GUHDGIXO�GLVHDVHV��7KH�F\WRWR[LF�SRWHQWLDO�RI �SODQW�
H[WUDFWV� FDQ� EH� WHVWHG� SUHOLPLQDULO\� IRU� WKHLU�
DQWLFDQFHU� DFWLYLW\� XVLQJ� � DVVD\��$OOLXP� FHSD
3��KH\QHDQXV��FRPPRQO\�FDOOHG�DV�-DYD�3DWFKRXOL��LV�
DQ� DURPDWLF� VSHFLHV� RI � /DPLDFHDH� IDPLO\�� 7KH�
SODQW� LV� XVHG� WR�PDNH� WKH� SXQJHQW�� GDUN� DPEHU�
FRORUHG� 3DWFKRXOL� RLO�� FRQWDLQLQJ� SDWFKRXOHQH��
SDWFKRXOL� DOFRKRO� DQG� HXJHQRO� DV� WKH� PDMRU�
FRPSRQHQWV�� 7KH� RLO� SRVVHVVHV� DQWLEDFWHULDO�
DFWLYLW\�DJDLQVW� �� ��(VFKHULFKLD�FROL 6WDSK\ORFRFFXV�DXUHXV
6WUHSWRFRFFXV�S\RJHQHV %DFWHULXP�FROL %DFWHULXP�W\SKRVXP�� �� �
DQG� �� ,W� LV� DOVR� XVHG� LQ�0\FREDFWHULXP� WXEHUFXORVLV
LQVHFW�UHSHOOHQW� SUHSDUDWLRQV�� (VVHQWLDO� RLO�
H[WUDFWHG�IURP�WKH� OHDI �ZDV�UHSRUWHG�WR�SRVVHVV�
UHPDUNDEOH� ODUYLFLGDO� SRWHQWLDO� DJDLQVW� $HGHV�
DOERSLFWXV� �$QMDQD� 	� 7KRSSLO� ������� $QRWKHU�
VSHFLHV�RI �WKH�JHQXV�� �KDV�EHHQ�UHSRUWHG�WR�3��FDEOLQ�
EH�KDYLQJ�DQWLFDQFHU�SURSHUWLHV��-HRQJ� ���������HW�DO

$� ZLGH� YDULHW\� RI � VHFRQGDU\� PHWDEROLWHV�
REWDLQHG� IURP� PHGLFLQDO� SODQWV� SRVVHVVHV� WKH�
DELOLW\� WR� WUHDW� FDQFHU�� 7KH\� H[KLELW� F\WRWR[LF�
HIIHFW�E\�LQWHUIHULQJ�ZLWK�FHOO�F\FOH�NLQHWLFV��*DOL�
0XKWDVLE�	�%DNNDU��������7KHVH�PHGLFDWLRQV�DUH�
HIIHFWLYH� DJDLQVW� SUROLIHUDWLQJ� FHOOV�� 7KHVH�
PHGLFDWLRQV� � � SURGXFH� F\WRWR[LF� HIIHFW� HLWKHU�
E\� GDPDJLQJ� WKH� FHOO�'1$�GXULQJ� WKH� 6�SKDVH�
RI � WKH� FHOO� F\FOH� RU� E\� EORFNLQJ� WKH� IRUPDWLRQ�
RI � PLWRWLF� VSLQGOH� �6HKJDO� �� ������� 3ODQW�HW� DO
F\WRWR[LF� ELRDVVD\V� KDYH� D� JRRG� FRUUHODWLRQ�
ZLWK� PDPPDOLDQ� WHVW� V\VWHPV�� YDOLGDWLQJ� WKH�
DSSOLFDWLRQ� RI � SODQW�EDVHG� PHGLFDWLRQV� IRU�
JHQRWR[LF�DVVD\V��-RYWFKHY� ��������<L�	�0HQJ�HW�DO
������ dHOLN� 	� bVODQWXUN� ������ ������� �
7R[LFRORJLFDO�WHVWV�XVLQJ� �ZDV�IRXQG�WR�$OOLXP�FHSD
KDYH� KLJK� FRUUHODWLRQ� ZLWK� RWKHU� WHVW� V\VWHPV�
�0,7�����FHOO� WHVW�ZLWK�PLFH��UDWV�RU�KXPDQV� LQ�
YLYR��DQG�FRXOG�EH�XVHG�LQ�WR[LFRORJLFDO�UHVHDUFK�
�/XELQL� ��������HW�DO
7KHUH�DUH�QR�SUHYLRXV�UHSRUWV�RQ�WKH�F\WRWR[LF�

DFWLYLWLHV�RI � �DQG�WKHUHIRUH��WKH�SUHVHQW�3��KH\QHDQXV
VWXG\�ZDV�DLPHG�DW�HYDOXDWLQJ�WKH�F\WRWR[LF�DQG�
DQWLPLWRWLF�SURSHUWLHV�RI �3��KH\QHDQXV�
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&ROOHFWLRQ�RI �3ODQW�0DWHULDOV

� 3ODQW� PDWHULDOV� RI � 3�� KH\QHDQXV� ZDV� REWDLQHG�
IURP� WKH�&HQWUH� RI �0HGLFLQDO� 3ODQWV� 5HVHDUFK��
$U\D�9DLG\D�6DOD��.RWWDNNDO��.HUDOD�� ,QGLD��7KH�
FROOHFWHG�SODQW�PDWHULDOV�ZHUH�PDLQWDLQHG� LQ�WKH�
JUHHQKRXVH� DQG� DXWKHQWLFDWHG� E\� 'U� $�.��
3UDGHHS�� $VVLVWDQW� 3URIHVVRU�� 'HSDUWPHQW� RI �
%RWDQ\�� 8QLYHUVLW\� RI � &DOLFXW�� .HUDOD� ,QGLD�� $�
YRXFKHU� VSHFLPHQ�ZDV� GHSRVLWHG� DW� WKH�&DOLFXW�
8QLYHUVLW\�+HUEDULXP��&$/,����������

3UHSDUDWLRQ�RI �/HDI �([WUDFWV�

� )UHVK�OHDYHV�RI �3��KH\QHDQXV�ZHUH�FROOHFWHG�IURP�
WKH� SODQWV� JURZQ� LQ� WKH� JUHHQKRXVH� DQG� ZHUH�
ULQVHG�WKRURXJKO\��VKDGH�GULHG�DQG�WKHQ�JURXQG�
LQWR�SRZGHU��7KH�FUXGH�H[WUDFW�ZDV�SUHSDUHG�E\�
ERLOLQJ� WKH� GULHG� SRZGHUHG�PDWHULDO� LQ� GLVWLOOHG�
ZDWHU�IRU����PLQXWHV��7KH�H[WUDFWV�ZHUH�SUHSDUHG�
LQ�IRXU�GLIIHUHQW�FRQFHQWUDWLRQV�����������������DQG�
��������7KH�H[WUDFWV�ZHUH�WKHQ�ILOWHUHG�WR�UHPRYH�
SDUWLFXODWH�PDWWHU�

"MMJVN�DFQB�5RRW�7LS�$VVD\

� )UHVK� DQG�KHDOWK\�EXOEV�RI �$OOLXP� FHSD�ZHUH�
REWDLQHG�IURP�WKH�ORFDO�PDUNHW��7KH�EXOEV�ZHUH�
JHUPLQDWHG�RYHU�ZDWHU�EHIRUH�EHLQJ�WUDQVIHUUHG�WR�
WKH�WHVW�SODQW�H[WUDFWV��:KHQ�WKH�URRWV�ZHUH�DERXW�
�� PP� ORQJ�� WKH� EXOEV� ZHUH� SODFHG� RQ� EHDNHUV�
FRQWDLQLQJ� 3�� KH\QHDQXV� OHDI � H[WUDFWV� RI � IRXU�
GLIIHUHQW� FRQFHQWUDWLRQV� ������ ����� ����� DQG�
��������VXFK�WKDW�WKH�URRWV�ZHUH�LPPHUVHG�LQ�WKH�
H[WUDFWV��7KH�URRWV�ZHUH�LPPHUVHG�IRU���GLIIHUHQW�
GXUDWLRQV�� L�H�� ��� �� DQG�ó� KRXUV�� 7KH� VSURXWHG�
URRWV�ZHUH�DOVR�WUHDWHG�ZLWK�GLVWLOOHG�ZDWHU��ZKLFK�
VHUYHG�DV� FRQWURO��7KH�H[SHULPHQWDO� VHW�XS�KDG�
ILYH�UHSOLFDWHV�
� 7KH� URRW� WLSV� ZHUH� IL[HG� LQ� &DUQR\
V� IOXLG�
���SDUW�RI �JODFLDO�DFHWLF�DFLG����SDUWV�RI �DEVROXWH�
DOFRKRO�� DIWHU� WKH� WUHDWPHQW�� 7KHVH� URRWV� ZHUH�
WKHQ�K\GURO\]HG�LQ��1�+&O�IRU���PLQXWHV��$IWHU�
K\GURO\VLV�� WKH� URRWV� ZHUH� ZDVKHG� LQ� GLVWLOOHG�
ZDWHU�� �5RRW�WLSV�ZHUH�FXW� LQWR����� ���PP�ORQJ�
SLHFHV�DQG�SODFHG�RQ�D�JODVV�VOLGH���$�VPDOO�GURS�RI ��
���DFHWR�RUFHLQ�ZDV�SODFHG�RQ�WKH�URRW�WLS�DQG�WKH�
URRW� WLS� ZDV� VTXDVKHG�� 7KH� VOLGHV� ZHUH� WKHQ�
VFDQQHG� XQGHU� /HLFD� '0� ����� WULQRFXODU� �
UHVHDUFK� �PLFURVFRSH� �DQG� � �SKRWRPLFURJUDSKV� �
ZHUH��WDNHQ�

� 7KH� QXPEHUV� RI � FHOOV�� GLYLGLQJ� DQG� QRQ�
GLYLGLQJ�� ZHUH� UHFRUGHG�� 7KH� GHJUHH� RI �
FKURPRVRPDO� DEHUUDWLRQ� ZDV� H[SUHVVHG� DV� WKH�
SHUFHQWDJH�RI �DEHUUDQW�FHOOV��ZKLFK�ZDV�FDOFXODWHG�
DV� WKH� QXPEHU� RI � DEHUUDQW� FHOOV� WR� WKH� WRWDO�
QXPEHU� RI � FHOOV� H[DPLQHG��0LWRWLF� ,QGH[� �0,��
ZDV� FDOFXODWHG� E\� H[SUHVVLQJ� WKH� QXPEHUV� RI �
GLYLGLQJ� FHOOV� DV� D� SHUFHQWDJH� RI � WRWDO� FHOOV�
FRXQWHG�IRU�HDFK�WUHDWPHQW�DQG�WKH�FRQWURO� ���������������{

�����������������������������������1XPEHUV�RI �DEHUUDQW�FHOOVBBBBBBBBBBBBBBBBBBBBB3HUFHQWDJH�DEHUUDWLRQ� � ��[�����
��������������������������������������7RWDO�QXPEHU�RI �FHOOV

���������������������������������1XPEHUV�RI �GLYLGLQJ�FHOOVBBBBBBBBBBBBBBBBBBBBBBBBBBBB0LWRWLF�,QGH[ � �[�����
������������������������������������7RWDO�QXPEHU�RI �FHOOV

6WDWLVWLFDO�$QDO\VLV

� 7KH�GDWD�ZHUH�DQDO\]HG�XVLQJ�RQH�ZD\�DQDO\VLV�
RI �YDULDQFH� �2QH�ZD\�$129$��� �0HDQV�RI � WKH�
PLWRWLF�LQGLFHV�DQG�FKURPRVRPH�DEHUUDWLRQV�ZLWK�
VWDQGDUG� HUURUV� IRU� HDFK� FRQFHQWUDWLRQ� RI � WKH�
H[WUDFWV�ZHUH�FDOFXODWHG��'XQFDQ
V�PXOWLSOH�UDQJH�
WHVW� ZDV� SHUIRUPHG� WR� GHWHUPLQH� WKH� VLJQLILFDQW�
GLIIHUHQFHV�EHWZHHQ�WKH�GLIIHUHQW�WUHDWPHQWV�PDGH��
6WDWLVWLFDO� VLJQLILFDQFH� ZDV� DFFHSWHG� IRU�
S���������$XWL� HW�DO���������$OO�VWDWLVWLFDO�DQDO\VHV�
ZHUH�FDUULHG�RXW�XVLQJ�6366������VWDWLVWLFDO�SDFNDJH�

5(68/76�$1'�',6&866,21

� 0LWRVLV�ZDV� QRUPDO� LQ� WKH� URRW� WLSV� NHSW� DV�
FRQWURO��ZKHUHDV�WKH�PLWRWLF�LQGLFHV�RI �DOO�$��FHSD�
URRWV�WUHDWHG�ZLWK�3��KH\QHDQXV�OHDI �H[WUDFWV�ZHUH�
VLJQLILFDQWO\� ORZHU� WKDQ� WKH� PLWRWLF� LQGH[� RI �
FRQWURO��7DEOH����
� 7KH� PLWRWLF� LQGH[� UDWHV� ZHUH� IRXQG� WR� EH�
GHFUHDVLQJ�ZLWK�WKH�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI �
WKH� DTXHRXV� H[WUDFW� FRPSDUHG�ZLWK� WKH� FRQWURO�
�7DEOH� ���� &KURPRVRPH� DEHUUDWLRQV� ZHUH�
REVHUYHG� LQ� DOO� VWDJHV� RI � PLWRVLV�� 0DMRU�
FODVWRJHQLF�DEQRUPDOLWLHV�REVHUYHG�ZHUH�QXFOHDU�
EXGGLQJ�DQG�OHVLRQV��FKURPRVRPH�IUDJPHQWV�DQG�
JDSV�� ULQJ� FKURPRVRPHV�� FKURPRVRPH� EULGJHV��
VWLFNLQHVV�� K\SHUFKURPDVLD� DQG� QRQ�FODVWRJHQLF�
DEHUUDWLRQV� LQFOXGLQJ� VWHOODWH� DQDSKDVH�� EDOO�
W H O RSKD V H � � HTXD WR U L D O � V H SD U D W L RQ � R I �
FKURPRVRPHV� � FKURPRVRPH� ODJ JDUGV� �
PLVRULHQWDWLRQ� DW� PHWDSKDVH�� K\SHUSORLGV� DQG�
K\SRSORLG� FHOOV�� GRXEOH� PHWDSKDVH�� HDUO\� EDOO�
PHWDSKDVH�� PLWRWLF� SDLULQJ� DW� PHWDSKDVH��

&\WRWR[LFLW\�DQDO\VLV�RI �3RJRVWHPRQ�KH\QHDQXV�%HQWK��²�6KHHOD�DQG�7KRSSLO
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7DEOH��� 3HUFHQWDJH�RI �PLWRWLF�LQGLFHV�DQG�FKURPRVRPDO�DEHUUDWLRQV�REVHUYHG�LQ�$OOLXP�FHSD�URRW�PHULVWHPV�WUHDWHG�ZLWK�
3��KH\QHDQXV��OHDI ��H[WUDFWV

�

&RQFHQWUDWLRQ�

��������������������� 0LWRWLF�LQGH[���� 6(���������������������������������� �����������RI �DEHUUDQW�FHOOV��� �6(� �
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1RWH���1XPEHUV�IROORZHG�E\�WKH�VDPH�OHWWHUV�LQ�WKH�VDPH�FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW�S�������

DFWLRQ� RQ� '1$� ELRV\QWKHVLV� �0DMHZVND� HW� DO��
�������1XFOHDU�EXGV�ZHUH�REVHUYHG�WR�RULJLQDWH�
IURP�WKH�QXFOHDU�HQYHORSH�LQ�VLWX�DW�FHUWDLQ�UHJLRQV�
RI �WKH�LQWHUSKDVH�QXFOHXV�RI �WKH�WUHDWHG�FHOOV�DQG�
WKHVH� PLJKW� EH� D� UHVXOW� RI � WKH� H[FHVVLYH�
SURGXFWLRQ�RI �QXFOHLF�DFLGV�DQG�SURWHLQV��LQGXFHG�
E\�F\WRWR[LFDQWV��$NDQHPH�	�,\LRNH�������
� 6WLFNLQHVV� �)LJ�� �7�� PLJKW� UHVXOW� IURP�
LPSURSHU� IROGLQJ�RI � FKURPRVRPH� ILEHUV�ZKLFK�
PDGH� WKH� FKURPDWLGV� FRQQHFWHG� E\� PHDQV� RI �
VXEFKURPDWLG�EULGJHV��+HOOJUHQ�	�0RUUH��������
&KURPRVRPH� JDSV� �)LJ�� �'��� ZKLFK� ZHUH�
GLVWULEXWHG� DW� UDQGRP� RQ� WKH� FKURPRVRPHV��
ZHUH� IRUPHG� E\� WKH� DFWLRQ� RI � PXWDJHQLF�
VXEVWDQFHV� �0F*LOO� HW� DO�� ������� &KURPRVRPH�
EULGJHV��)LJ���%�	��7��DQG�IUDJPHQWV��)LJ���&��
ZHUH� FODVWRJHQLF� HIIHFWV�� UHVXOWLQJ� IURP�
FKURPRVRPH� DQG� FKURPDWLG� EUHDNV� �)LVNHVMR�
�������5LQJ�FKURPRVRPHV��)LJ���5��PLJKW�DULVH�
GXH� WR� WKH� VSRQWDQHRXV� EUHDNDJH� RI �
FKURPRVRPDO�HQGV��IROORZHG�E\�WKH�MRLQLQJ�RI �WKH�
UDZ�HQGV�RI �WKH�FKURPRVRPHV��6LQJK��������%DOO�
PHWDSKDVH��)LJ���*��PLJKW�EH�GXH�WR�WKH�ORFDOL]HG�
DFWLYLW\�RI �VSLQGOH�DSSDUDWXV�DW�WKH�FHQWUH��VR�WKDW�
WKH� FHQWURPHUHV� UHPDLQHG� DW� WKH� HTXDWRU� DQG�
DUPV�UDGLDWHG�LQ�GLIIHUHQW�GLUHFWLRQV��LQ�WKH�IRUP�
RI � D�EDOO�� ,Q�EDOO� WHORSKDVH� �)LJ�� �$��� WKH� VLVWHU�
FKURPDWLGV� VHSDUDWHG� LQWR� D� KROORZ� EDOO� RI �
FKURPRVRPHV� WKDW� UHVXOWHG� IURP� WKH� HDUO\�
FOHDYDJH�GLYLVLRQV�LQ�VRPH�DEHUUDQW�FHOOV��0RUJDQ�
������
� 6HSDUDWLRQ�RI �GDXJKWHU�FKURPRVRPHV�SDUDOOHO�
WR�WKH�HTXDWRU�UDWKHU�WKDQ�WRZDUGV�WKH�SROHV��)LJ��
�+��ZDV�DQ�DFXWH�DEHUUDQW�FRQGLWLRQ�WKDW�DURVH�DV�

PXOWLSRODU�DQDSKDVH��SROH�WR�SROH�DUUDQJHPHQW�DW�
PHWDSKDVH� DQG� YDJUDQW� FKURPRVRPHV� DW�
PHWDSKDVH��)LJ�����
� 7KHUH�ZHUH�VLJQLILFDQW�GLIIHUHQFHV� �S���������
EHWZHHQ� WUHDWHG� JURXSV� DQG� FRQWURO� JURXS� LQ�
PLWRWLF�LQGH[��/RZ�PLWRWLF�LQGH[�REVHUYHG�LQ�WKH�
WUHDWHG�URRW�WLSV�PLJKW�EH�GXH�WR�GLUHFW�JHQRWR[LF�
HIIHFW�RI �3��KH\QHDQXV�H[WUDFW��7KH�SHUFHQWDJH�RI �
PLWRWLF� LQGLFHV� DQG� FKURPRVRPDO� DEHUUDWLRQV�
LQGXFHG�E\�GLIIHUHQW�FRQFHQWUDWLRQV�RI �WKH�H[WUDFW�
DW�GLIIHUHQW�WUHDWPHQW�GXUDWLRQV�DUH�VXPPDUL]HG�
LQ�7DEOH���
� 'HFUHDVH� LQ� PLWRWLF� LQGH[� UDWHV� H[SODLQHG�
F\WRWR[LFLW\�RI �WKH�DTXHRXV�H[WUDFW��7KLV�PLJKW�EH�
GXH�WR�WKH�REVWUXFWLRQ�RI �WKH�RQVHW�RI �SURSKDVH��
WKH�DUUHVW�RI �RQH�RU�PRUH�PLWRWLF�SKDVHV��RU�WKH�
VORZLQJ�RI � WKH�UDWH�RI �FHOO�SURJUHVVLRQ�WKURXJK�
PLWRVLV��)LVNHVMR�	�/HYDQ��������5HGXFWLRQ�LQ�WKH�
PLWRWLF�DFWLYLW\�FRXOG�DOVR�EH�GXH�WR�LQKLELWLRQ�RI �
'1$�V\QWKHVLV�RU�D�EORFNLQJ�LQ�WKH�*��SKDVH�RI �
WKH� FHOO� F\FOH��SUHYHQWLQJ� WKH� FHOO� IURP�HQWHULQJ�
PLWRVLV��&KULVWRSKHU�	�.DSRRU�������
� &KURPRVRPDO� DEHUUDWLRQV� DUH� FKDQJHV� LQ�
FKURPRVRPH�VWUXFWXUH�UHVXOWLQJ�IURP�D�EUHDN�RU�
H[FKDQJH� RI � FKURPRVRPDO� PDWHULDO�� 0RVW� RI �
FKURPRVRPDO� DEHUUDWLRQV� REVHUYHG� LQ� FHOOV� DUH�
OHWKDO�� EXW� WKHUH� DUH� PDQ\� FRUUHVSRQGLQJ�
DEHUUDWLRQV�WKDW�DUH�YLDEOH�DQG�FDQ�FDXVH�JHQHWLF�
HIIHFWV��HLWKHU�VRPDWLF�RU�LQKHULWHG��6XGKDNDU�HW�DO��
������$NLQERUR�	�%DNDUH�������
� $EHUUDWLRQV�REVHUYHG�DW�WKH� LQWHUSKDVH�VWDJH�
LQFOXGHG� QXFOHDU� OHVLRQV� �)LJ�� �)�� DQG� QXFOHDU�
EXGGLQJ��)LJ���3���7KH�SUHVHQFH�RI �QXFOHDU�OHVLRQV�
RIIHUV� F\WRORJLFDO� HYLGHQFH� IRU� WKH� LQKLELWRU\�
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)LJXUH���&KURPRVRPDO�DEHUUDWLRQV�LQGXFHG�E\�GLIIHUHQW�FRQFHQWUDWLRQV�RI ��DTXHRXV�OHDI �H[WUDFWV�RI ���3��KH\QHDQXV

1RWHV�� $��%DOO�WHORSKDVH���%��&KURPRVRPH�EULGJH�DW�DQDSKDVH���&��&KURPRVRPH�IUDJPHQW�DW�PHWDSKDVH���'��&KURPRVRPH�JDSV�DW�
PHWDSKDVH���(��'RXEOH�PHWDSKDVH���)��'RXEOH�QXFOHDU�OHVLRQ���*��(DUO\�EDOO�PHWDSKDVH���+��(TXDWRULDO�VHSDUDWLRQ�DW�DQDSKDVH���,��
+\SHUFKURPDVLD���-��+\SHUSORLG�FHOO���.��+\SRSORLG�FHOO���/��/DJJDUGV�DW�DQDSKDVH���0��0LVRULHQWDWLRQ�DW�PHWDSKDVH���1��0LWRWLF�
SDLULQJ�DW�PHWDSKDVH����2��0XOWLSRODU�DQDSKDVH���3��1XFOHDU�EXGGLQJ�DW�LQWHUSKDVH���4��3ROH�WR�SROH�DUUDQJHPHQW�DW�PHWDSKDVH��
�5��5LQJ�DQG�YDJUDQW�FKURPRVRPHV�DW�PHWDSKDVH����6��6WHOODWH�DQDSKDVH���7��6WLFN\�GRXEOH�FKURPRVRPH�EULGJH�DW�DQDSKDVH
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D�UHVXOW�RI �HUURUV�LQ�WKH�PLWRWLF�VSLQGOH�DVVHPEO\�
DQG� G\QDPLFV� �)RUG� 	� &RUUHOO� ������� 6WHOODWH�
DUUDQJHPHQW��)LJ���6��RI �FKURPRVRPHV�PLJKW�EH�
GXH� WR� WKH� FOXPSLQJ� RI � GDXJKWHU� FKURPRVRPH�
JURXSV� LQ� D� VWDU� OLNH� PDQQHU� DQG� PLJKW� EH�
RFFXUULQJ�DV�D�UHVXOW�RI �WKH�FRPSOHWH�GLVWXUEDQFH�
RI �VSLQGOH��5DM�	�5DR�������
� +\SHUFKURPDVLD� �)LJ�� �,�� ZDV� DQ� H[WUHPHO\�
FRQGHQVHG�DQG�GHHSO\�VWDLQLQJ�VWDWH�RI �LQWHUSKDVH�
QXFOHXV�LQGXFHG�E\�WR[LF�HQYLURQPHQWDO�FKHPLFDOV�
RU� LQFRPSDWLEOH� FRQGLWLRQV�� ZKLFK� PLJKW� EH�
FDXVHG� E\� SURJUHVVLYH� KHWHURFKURPDWLQL]DWLRQ�
�*HUQDQG� �� ������� 0LVRULHQWDWLRQ� RI �HW� DO

FKURPRVRPHV� �)LJ�� �0�� FRXOG� EH� GXH� WR� D�
GLVWRUWLRQ�RI �WKH�VSLQGOH�DSSDUDWXV�RU�D�WLOW�LQ�WKH�
HTXDWRU LD O � RUJDQL]DW LRQ� RI � PHWDSKDVH�
FKURPRVRPHV��6HOLP� ���������7KH�RFFXUUHQFH�HW�DO

RI �K\SHUSORLG��)LJ���-��FHOOV�PLJKW�EH�DWWULEXWHG�WR�
VSLQGOH�LQKLELWLRQ��ODFN�RI �DQDSKDVH�PRYHPHQW�RU�
IDLOXUH� RI � FHOO� SODWH� IRUPDWLRQ� �0HVNH� 	�
+DUWPDQQ�������
� $EQRUPDO� SROH� WR� SROH� RULHQWDWLRQ� RI �
FKURPRVRPHV��)LJ���4��DW�PHWDSKDVH�OHDGLQJ�WR�
HTXDWRULDO� VHSDUDWLRQ� RI � FKURPRVRPHV� DW�
DQDSKDVH� ZDV� DQ� DFXWH� DEHUUDQW� FRQGLWLRQ� WKDW�
DURVH�DV�D�UHVXOW�RI �LUUHJXODU�SDWKZD\V�RI �VSLQGOH�
DVVHPEO\�DQG�DEQRUPDO�VSLQGOH�DFWLYLW\��:DWHUV�	�
6DOPRQ� ������� 0XOWLSRODU� DQDSKDVHV� �)LJ�� �2��
ZHUH�FRQVHTXHQFHV�RI �ZHDN�&�PLWRVLV�DQG�FRXOG�
OHDG�WR�DQHXSORLG\��)LVNHVMR��������7KH�LQGXFWLRQ�
RI � YDJUDQW� FKURPRVRPHV� �)LJ�� �5�� OHG� WR� WKH�
VHSDUDWLRQ�RI �XQHTXDO�QXPEHU�RI �FKURPRVRPHV�
LQ�WKH�GDXJKWHU�QXFOHL�DQG�VXEVHTXHQWO\�IRUPDWLRQ�
RI �GDXJKWHU�FHOOV�ZLWK�XQHTXDO�VL]HG�RU�LUUHJXODUO\�
VKDSHG� QXFOHL� DW� LQWHUSKDVH� �(O�*KDPHU\� ��HW� DO

�������/DJJDUGV�ZHUH�ZKROH� FKURPRVRPHV� WKDW�
IDLOHG� WR� PLJUDWH� WR� HLWKHU� SROH� DW� DQDSKDVH�
EHFDXVH�RI �SRVVLEOH�GDPDJH� WR� WKH�NLQHWRFKRUH�
�$VLWD�	�0RNKRER��������3UHVHQFH�RI �K\SRSORLG�
FHOOV��)LJ���.��PLJKW�EH�GXH�WR�WKH�RFFXUUHQFH�RI �
PXOWLSRODU� PLWRVLV� RU� ODJJLQJ� FKURPRVRPHV�
�6HRDQD� ���������0LWRWLF�SDLULQJ��)LJ���1��ZDV�D�HW�DO

UDUH� DEQRUPDOLW\� ZKLFK� PLJKW� EH� GXH� WR� DQ�
LQFUHDVH�LQ�51$�FRQWHQW��:HQ� ��������HW�DO
� 0LWRWLF�,QGH[��0,��PHDVXUHG�WKH�SURSRUWLRQ�
RI � FHOOV� LQ� WKH�0�SKDVH�RI � WKH� FHOO� F\FOH�� �7KH�
LQKLELWLRQ� RI � 0�SKDVH� FRXOG� EH� FRQVLGHUHG� DV�
FHOOXODU�GHDWK�RU�D�GHOD\� LQ� WKH�FHOO�SUROLIHUDWLRQ�
NLQHWLFV� �1DJSDO� 	� *URYHU� ������ 5LEHLUR� ��HW� DO

������

� 7KH�GHFUHDVH�LQ�PLWRWLF�LQGH[�DQG�WKH�SUHVHQFH�
RI �WKHVH�FKURPRVRPDO�DEHUUDWLRQV�LQ� �URRW�$��FHSD

WLSV� WUHDWHG� ZLWK� � H[WUDFW� ZKHQ�3�� KH\QHDQXV

FRPSDUHG�ZLWK�WKH�FRQWURO�PLJKW�EH�DWWULEXWHG�WR�
WKH�SUHVHQFH�RI �SK\WRFKHPLFDO�FRQVWLWXHQWV�LQ�WKH�
FUXGH�H[WUDFW�RI � �� LV�ULFK�LQ�3��KH\QHDQXV 3��KH\QHDQXV�

YRODWLOH�RLOV�FRQWDLQLQJ�FRPSRXQGV�OLNH�SDWFKRXOL�
DOFRKRO�� QHUROLGRO�� �SLQHQH� � �0XUXJDQ� ��¢ HWF� HW� DO

�������3DWFKRXOL� DOFRKRO�� LVRODWHG� IURP� �3�� FDEOLQ

ZDV� IRXQG� WR� H[KLELW� DQWLWXPRU� HIIHFW� DJDLQVW�
KXPDQ�OXQJ�FDQFHU�FHOO�OLQHV��/X� �������HW�DO �

&21&/86,216

� 7KH�DTXHRXV�H[WUDFW�RI �3��KH\QHDQXV�SRVVHVVHV�D�
GRVH�GHSHQGHQW�LQKLELWRU\�HIIHFW�RQ�FHOO�GLYLVLRQ�
RI �$OOLXP� FHSD�� )XUWKHU� VWXGLHV� DUH� UHTXLUHG� WR�
FKDUDFWHUL]H� DQG� LVRODWH� WKH� F\WRWR[LF� DJHQWV�
SUHVHQW�LQ�3��KH\QHDQXV�

$&.12:/('*(0(176

� 7KH�ILUVW�DXWKRU�LV�WKDQNIXO�WR�WKH�&RXQFLO�IRU�
6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK� �&6,5��� ,QGLD�
IRU�IXQGLQJ�WKLV�VWXG\�

5()(5(1&(6

$NDQHPH�),��,\LRNH�,9��������0XWDJHQLF�SRWHQWLDOV�RI �WKH�
VWHULOL]LQJ�IOXLG�²�3XULWDO�RQ�URRW�WLS�PLWRVLV�RI�$OOLXP�

FHSD��%LR�5HV���������

$NLQERUR�$��%DNDUH�$$��������&\WRWR[LF�DQG�JHQRWR[LF�HI�
IHFWV�RI �DTXHRXV�H[WUDFWV�RI �ILYH�PHGLFLQDO�SODQWV�RQ�
$OOLXP�FHSD�/LQQ��-�(WKQRSKDUPDFRO������������

$QMDQD�6��7KRSSLO�-(��������&KHPLFDO�FRPSRVLWLRQ�RI �WKH�
HVVHQWLDO� RLOV� RI � IRXU� � VSS�� DQG� WKHLU�3RJRVWHPRQ

ODUYLFLGDO� DFWLYLW\� DJDLQVW� � 6NXVH�$HGHV� DOERSLFWXV

�'LSWHUD��&XOLFLGDH���,QW�-�(QYLURQ�%LRO���������

$VLWD�$2��0RNKRER�00��������&ODVWRJHQLF�DQG�F\WRWR[LF�
HIIHFWV�RI �IRXU�SHVWLFLGHV�XVHG�WR�FRQWURO�LQVHFW�SHVWV�
RI �VWRUHG�SURGXFWV�RQ�URRW�PHULVWHPV�RI ���$OOLXP�FHSD

(QYLURQ�1DW�5HVRXU�5HV����������

$XWL�6��3DJDUH�5��$KLUH�'��6DZDOH�9��������&\WRJHQHWLFDO�
VWXGLHV�RQ�WKH�HIIHFW�RI �RPQDFRUWLO�RQ�URRW�WLS�FHOOV�
RI � /��-�&HOO�7LVVXH�5HV�����������$OOLXP�FHSD�

dHOLN� 7$�� bVODQWXUN� g6�� ������ $QWL�PLWRWLF� DQG� DQWL�
JHQRWR[LF� HIIHFWV� RI � � DTXHRXV�3ODQWDJR� ODQFHRODWD

H[WUDFW� RQ� � URRW� WLS� PHULVWHP� FHOOV�$OOLXP� FHSD �

%LRORJLD����������
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dHOLN� 7$�� bVODQWXUN� g6�� ������ &\WRWR[LF� DQG� JHQRWR[LF�
HIIHFWV� RI� /DYDQGXOD� VWRHFKDV� DTXHRXV� H[WUDFWV��
%LRORJLD����������

&KULVWRSKHU�+%��.DSRRU�0%��������7KH�F\WRJHQHWLF�HIIHFWV�
RI �VRGLXP�VDOLF\ODWH�RQ�WKH�URRW�PHULVWHP�FHOOV�RI�
$OOLXP�VDWLYD�/��&\WRORJLD����������

(O�*KDPHU\� $$�� (O�.KRO\� 0$�� $ERX� (O�<RXVVHU� 0$��
��������(YDOXDWLRQ�RI � F\WRORJLFDO� HIIHFWV�RI �=Q � LQ�

UHODWLRQ�WR�JHUPLQDWLRQ�DQG�URRW�JURZWK�RI�1LJHOOD�
VDWLYD�/��DQG�7ULWLFXP�DHVWLYXP�/��0XWDW�5HV������������

)LVNHVMR� *�� ������ 7KH� $OOLXP� WHVW�DQ� DOWHUQDWLYH� LQ�
HQYLURQPHQWDO�VWXGLHV��WKH�UHODWLYH�WR[LFLW\�RI �PHWDO�
LRQV��0XWDW�5HV������������

)LVNHVMR� *�� ������ $OOLXP� WHVW� IRU� VFUHHQLQJ� FKHPLFDOV�
HYDOXDWLRQ� RI � F\WRORJLFDO� SDUDPHWHUV�� ,Q��:DQJ�:��
*RUVXFK� -:�� +XJHV� -6�� HGLWRUV�� 3ODQWV� IRU�
(QYLURQPHQWDO�6WXGLHV��1HZ�<RUN��86���&5&�/HZLV�
3XEOLVKHUV��S���������

)LVNHVMR�*��/HYDQ�$��������(YDOXDWLRQ�RI �WKH�ILUVW�WHQ�0(,&�
FKHPLFDOV�LQ�WKH�$OOLXP�WHVW���$7/$�����������

)RUG�-+��&RUUHOO�$7��������&KURPRVRPH�HUURUV�DW�PLWRWLF�
DQDSKDVH��*HQRPH����������

*DOL�0XKWDVLE�+��%DNNDU�1�� ������0RGXODWLQJ� FHOO� F\FOH��
FXUUHQW�DSSOLFDWLRQV�DQG�SURVSHFWV�IRU�IXWXUH�GUXJ�
GHYHORSPHQW��&XUUHQW�&DQFHU�'UXJ�7DUJHWV��������
��

*HUQDQG�'��5XWWHQ�7��9DUVKQH\�$��5XEWVRYD�0��3URGDQRYLF�
6��%UXVV�&��.XPOHKQ�-��0DW]N�)��+RXEHQ�$��������
8QLSDUHQWDO� FKURPRVRPH� HOLPLQDWLRQ� DW� PLWRVLV�
DQG� LQWHUSKDVH� LQ� ZKHDW� DQG� SHDUO� PLOOHW� FURVVHV�
LQYROYHV� PLFURQXFOHXV� IRUPDWLRQ�� SURJUHVVLYH�
KHWHURFKURPDWLQLVDWLRQ� DQG� '1$� IUDJPHQWDWLRQ��
3ODQW�&HOO�����������

+HOOJUHQ� /�� 0RUUH� '-�� ������ $73�LQGXFHG� EXGGLQJ� RI �
QXFOHDU�HQYHORSH�LQ�YLWUR��3URWRSODVPD������������

-HRQJ�-%��&KRL�-��/RX�=��-LDQJ�;��/HH�6+��������3DWFKRXOL�
DOFRKRO��DQ�HVVHQWLDO�RLO�RI �3RJRVWHPRQ�FDEOLQ��H[KLELWV�
DQWL�WXPRULJHQLF�DFWLYLW\�LQ�KXPDQ�FRORUHFWDO�FDQFHU�
FHOOV��,QW�,PPXQRSKDUPDFRO�����������

-RYWFKHY�*��6WHUJLRV�0��6FKXEHUW�,��������$�FRPSDULVRQ�RI �
1�PHWK\O�1�QLWURVRXUHD�LQGXFHG� FKURPD WLG�
DEHUUDWLRQV� DQG� PLFURQXFOHL� LQ� EDUOH\� PHULVWHPV�
XVLQJ�),6+�WHFKQLTXHV��0XWDW��5HV�������������

/X�;�� �<DQJ�/�� � �/X�&�� � �;X�=�� � �4LX�+�� � �:X�-�� � �:DQJ�-�� � �
7RQJ�-�� � �=KX�<�� � �6KHQ�-��������0ROHFXODU�UROH�RI �
(*)5�0$3.� SDWKZD\� LQ� 3DWFKRXOL� $OFRKRO�
LQGXFHG�DSRSWRVLV�DQG�FHOO�F\FOH�DUUHVW�RQ�$����FHOOV�
LQ�YLWUR�DQG�LQ�YLYR��%LRPHG�5HV�,QW�$UWLFOH�,'���������
���S�

/XELQL�*��)DFKLQHWWR�-0��/DXJKLQJKRXVH�+'��3DUDQKRV�-7��
6LOYD� $&)�� � 7HGHVFR� 6%�� ������ ([WUDFWV� DIIHFWLQJ�
PLWRWLF� GLYLVLRQ� LQ� URRW�WLS� PHULVWHPDWLF� FHOOV��
%LRORJLD�����������

0DMHZVND� $(�� :ROVND� (�� 6OLZLQVND� 0�� )XUPDQRZD� 1��
8UEDQVND�$��3LHWURVLXN�$��=REHO�$��.XUDV�0��������
$QWLPLWRWLF� HIIHFW�� *��0� DFFXPXODWLRQ��
FKURPRVRPDO� DQG� XOWUDVWUXFWXUH� FKDQJHV� LQ�
PHULVWHPDWLF�FHOOV�RI�$OOLXP�FHSD�/��URRW�WLSV�WUHDWHG�
ZLWK� WKH� H[WUDFW� IURP� 5KDGLROD� � URVHD� URRWV��
&DU\RORJLD�����������

0F*LOO�0��3DWKDN�6��+VX�7&��������(IIHFWV�RI �HWKLGLXP�
EURPLGH�RQ�PLWRVLV�DQG�FKURPRVRPHV��$�SRVVLEOH�
PDWHULDO� EDVLV� IRU� FKURPRVRPH� VWLFNLQHVV��
&KURPRVRPD�����������

0HVNH� 9�� +DUWPDQQ� (�� ������ 5HRUJDQLVDWLRQ� RI �
PLFURILODPHQWV�LQ�SURWRQHPDO�WLS�FHOOV�RI �WKH�PRVV�
&HUDWRGRQ�SXUSXUHXV�GXULQJ�WKH�SKRWRWURSLF�UHVSRQVH��
3URWRSODVPD�����������

0RUJDQ�'2��������7KH� FHOO� F\FOH�� SULQFLSOHV� RI � FRQWURO��
/RQGRQ��8.���1HZ�6FLHQFH�3UHVV�/WG������S�

0XUXJDQ�5��0DOODYDUDSX�*5��3DGPDVKUHH�.9��5DR�55��
/LYLQJVWRQH� &�� ������ 9RODWLOH� RLO� FRPSRVLWLRQ� RI �
3RJRVWHPRQ� KH\QHDQXV� DQG� FRPSDULVRQ� RI � LWV�
FRPSRVLWLRQ�ZLWK�SDWFKRXOL�RLO��1DW�3URG�&RPPXQ�
���������

1DJSDO� $�� *URYHU� ,6�� ������ *HQRWR[LF� HYDOXDWLRQ� RI �
V\VWHPLF� SHVWLFLGHV� LQ�$OOLXP� FHSD��1XFOHXV� ������
����

5DM� $�� 5DR� 5�� ������ &\WRORJLFDO� VWXGLHV� LQ�9LFLD� IDED�/��
WUHDWHG�ZLWK�ODWK\URJHQV��&\WRORJLD�����������

� �5LEHLUR�73��6RXVD75��$UUXGD�$6���3HL[RWR�1��*RQFDOYHV3-��
$OPHLGD�/0���������(YDOXDWLRQ�RI �F\WRWR[LFLW\�DQG�
JHQRWR[LFLW\�RI �+DQFRUQLD�VSHFLRVD�ODWH[�LQ�$OOLXP�FHSD�
URRW�PRGHO��%UD]��-��%LRO�����������

6HKJDO�5��5R\�6��.XPDU�9/��������(YDOXDWLRQ�RI �F\WRWR[LF�
SRWHQWLDO� RI � ODWH[� RI � &DORWURSLV� SURFHUD� DQG�
SRGRSK\OORWR[LQ�LQ�$OOLXP�FHSD�URRW�PRGHO��%LRFHOO�
��������

6HOLP�$5��+XVVHLQ�00��$OODP�+=��)DUDK�$5��������7KH�
HIIHFW� RI � WKUHH� V\QWKHWLF� RUJDQLF� LQVHFWLFLGHV�
�1XYDFURQ��&\RODQ�DQG�.HOWKDQH�'LPHWKRDWH��RQ�
WKH� F\WRORJLFDO� IHDWXUHV� DQG� PRUSKRORJLFDO�
FKDUDFWHUV�LQ�FRWWRQ�*RVV\SLXP�EDUEDGHQVH�/��%XOO�)DF�
$JULF�&DLUR�8QLY����������

6HRDQD� $,�� *LLHUFL� $0�� 'XORXW� )1�� ������ 0HFKDQLVPV�
LQYROYHG� LQ� WKH� LQGXFWLRQ� RI � DQHXSORLG\�� WKH�
VLJQLILFDQFH�RI �FKURPRVRPH�ORVV��*HQHW�0RO�%LRO�
�����

6LQJK�5-��������3ODQW�F\WRJHQHWLFV��%RFD�5DWRQ��86���&5&�
3UHVV������S�

6XGKDNDU� 5�� *RZGD� .11�� 9HQX� *�� ������ 0LWRWLF�
DEQRUPDOLWLHV� LQGXFHG� E\� VLON� G\HLQJ� LQGXVWU\�
HIIOXHQWV� LQ� WKH� FHOOV� RI � $OOLXP� FHSD�� &\WRORJLD�
���������

:DWHUV�-&��6DOPRQ�('��������3DWKZD\V�RI �VSLQGOH�DVVHPEO\��
&XUU�2SLQ�&HOO�%LRO���������

��

&\WRWR[LFLW\�DQDO\VLV�RI �3RJRVWHPRQ�KH\QHDQXV�%HQWK��²�6KHHOD�DQG�7KRSSLO



:HQ�)��%DUQHWW�)/��/LDQJ�*+��������6RPDWLF�SDLULQJ�DQG�
VHSDUDWLRQ� RI � FKURPRVRPHV� LQ� URRW�� WLS� FHOOV� RI �
UHJHQHUDWHG�6RUJKXP�SODQWV��-�+HUHG������������

<L� +�� 0HQJ� =�� ������ *HQRWR[LFLW\� RI � K\GUDWHG� VXOIXU�
GLR[LGH�RQ�URRW�WLSV�RI � �DQG� ��$OOLXP�VDWLYXP 9LFLD�IDED
0XWDW�5HV������������
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