
 

-�/LDTXDW�8QL�0HG�+HDOWK�6FL�$35,/�-�-81(�������9RO�����1R���� ��� 

$%675$&7 
 

2%-(&7,9(6��7R�DVVHVV�VWDWXV�RI�WK\URLG�IXQFWLRQV�DPRQJ�WKH�W\SH���GLDEHWLF�SDWLHQWV�� 
0(7+2'2/2*<�� 7KLV� FURVV-VHFWLRQDO� FRPSDUDWLYH� VWXG\� FRQGXFWHG� LQ� 'HSDUWPHQW� RI� 3K\VLRORJ\�
/80+6�� LQ�FROODERUDWLRQ�ZLWK�'LDEHWLF�FOLQLF�DQG�GLDJQRVWLF� UHVHDUFK� ODERUDWRU\�RI�/80+6��-DPVKRUR�
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GHYLDWLRQ�RI�7��OHYHOV�DPRQJ�W\SH���GLDEHWLF�DQG�QRQ-�GLDEHWLF�JURXSV�ZHUH�������J�GO������DQG�������J�
GO����� UHVSHFWLYHO\� ZLWK� QRQ-VLJQLILFDQW� GLIIHUHQFH� �S� YDOXH�  � ������� ,QVWHDG�� WKHUH� ZDV� VWDWLVWLFDOO\�
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�������� 0HDQ� �� VWDQGDUG� GHYLDWLRQ� RI� 76+� ZDV� ����� �8�PO������ DQG� ����� �8�PO������ DPRQJ� W\SH� ��
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7\SH� �� GLDEHWHV� PHOOLWXV� �7�'0�� LV� WKH� XQLYHUVDO�
UDPSDQW� FRQGLWLRQ� WKDW� LV� OLQNHG� WR� SHDNHG� KHDOWK�
H[SHQVHV�� DV� ZHOO� DV� FXUWDLOHG� TXDOLW\� RI�
OLIH���  � 'LDEHWHV�PHOOLWXV� �'0�� LV� D� SRRO� RI�PHWDEROLF�
FRQGLWLRQV��FKDUDFWHUL]HG�E\�K\SHUJO\FHPLD�WKDW�UHVXOW�
IURP�HLWKHU�GXH�WR�WKH�GHIHFWV�LQ�VHFUHWLRQ�RI�LQVXOLQ�RU�
UHVLVWDQFH�RI�LQVXOLQ�DFWLRQ�RU�PD\�EH�ERWK��7KH�ZLGH-
UHDFKLQJ� SUHYDOHQFH� RI� '0� LV� HVWLPDWHG� WR� EH� ����
PLOOLRQ�SHRSOH�ZRUOGZLGH�� 

7K\URLG� G\VIXQFWLRQV� DUH� PRUH� H[SHFWHG� WR� DULVH�
DPRQJ� '0� SDWLHQWV� WKDQ� JHQHUDO� KHDOWK\�
SRSXODWLRQ��  ,W� LV� SURSRVHG� E\� WKH� UHVHDUFK� WKDW�
DVVHVVPHQW� RI� WK\URLG� IXQFWLRQV� VKRXOG� EH� GRQH� LQ�
KLJK-ULVN� FRQGLWLRQV� DV� D� VOLFH� RI� ZLGH-UDQJLQJ�
PDQDJHPHQW�DPRQJ�WKH�7�'0�SDWLHQWV�� 
7KH� UDWLR� RI� GLVWXUEHG� WK\URLG� IXQFWLRQV� LV� JUHDWO\�
H[WHQVLYH�DPRQJ�GLDEHWLF�SRSXODWLRQ�DQG�HVWLPDWHG�WR�
EH�EHWZHHQ������DQG����SHUFHQW�'0�KDV� LPSDFW�RQ�
WK\URLG� IXQFWLRQ� RQ� WZR� ORFDWLRQV�� ILUVW� DW� WKH� OHYHO� RI�
K\SRWKDODPLF� UHJXODWLRQ� RI� UHOHDVH� RI� WK\URLG�
VWLPXODWLQJ� KRUPRQH� �76+�� DQG� RWKHU� DW� WKH� OHYHO� RI�
SHULSKHUDO�WLVVXH�ZKHUH�FRQYHUVLRQ�RI�WK\UR[LQH��7���WR�

WUL-LRGRWK\URQLQH� �7��� WDNH� SODFH�� %RWK� '0� DQG�
K\SRWK\URLGLVP� DUH�PDMRU� HQGRFULQH� GLVRUGHU� OHDGLQJ�
WR� K\SHUOLSLGHPLD��� VR� 7�'0� UHPDLQV� DVVRFLDWHG� WR�
DXJPHQWHG� FDUGLDF� PRUELGLW\� DQG� XOWLPDWHO\� WR�
LQFUHDVHG� PRUWDOLW\� UDWH��� %RWK� '0� DQG� WK\URLG�
GLVRUGHUV�DUH�WKH�WZR�XWPRVW�FRPELQHG�V\QGURPHV�RI�
HQGRFULQH�V\VWHP��*UHDW�SURSRUWLRQ�RI�7�'0�SDWLHQWV�
VXIIHU� IURP� QHYHU� GLDJQRVHG� WK\URLG� LOOQHVVHV��
6XEFOLQLFDO� K\SRWK\URLGLVP� KDV� EHHQ� GLVFRYHUHG� DV�
WKH�IXUWKHUPRVW�FRPPRQ�WK\URLG�DLOPHQW�DPRQJ�W\SH���
GLDEHWLF�SDWLHQWV�� 

'\VOLSLGHPLD�� HOHYDWHG� /'/� OHYHOV�� DQG� RVWHRSRURVLV�
DUH� PRVW� IUHTXHQW� DPRQJ� SDWLHQWV� ZLWK� GLVWXUEHG�
WK\URLG� IXQFWLRQ� ZKHQ� FRPSDUHG� ZLWK� WKRVH� KDYLQJ�
QRUPDO�WK\URLG�IXQFWLRQV��7K\URLG�G\VIXQFWLRQV�UHPDLQ�
XQGHUGLDJQRVHG� DPRQJ� HOGHUO\� W\SH� �� GLDEHWLF�
SDWLHQWV���7KH� PHWDEROLF� FRQWURO� RI� GLDEHWLF� SDWLHQWV�
PD\� EH� LPSDLUHG� DPRQJ� XQWUHDWHG� FDVHV� DQG� WKLV�
DVVRFLDWLRQ� FDQ� KDYH� LPSRUWDQW� UHSHUFXVVLRQV�RQ� WKH�
RXWFRPH�RI� ERWK�RI� WKHVH� GLVRUGHUV���7KLV� LV� W\SLFDOO\�
FKDOOHQJLQJ� WR� GLDJQRVH� FOLQLFDOO\� WK\URLG� GHYLDWLRQV�
DPRQJ� WKH� GLDEHWLF� LQGLYLGXDOV� EHFDXVH� IHDWXUHV� RI�
WK\URLG�GHYLDWLRQV�PD\�SUHWHQG�V\PSWRPV�RI�'0�DQG�
LWV� FRPSOLFDWLRQV�� &RQVHTXHQWO\�� DVVHVVLQJ�
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SUHYDOHQFH�RI�WK\URLG�G\VIXQFWLRQV�DPRQJ�WKH�SDWLHQWV�
RI� 7�'0� ZRXOG� VXSSRUW� LPSURYHG� FRQWURO� RI� '0� DV�
ZHOO� DV� LWV� FRPSOLFDWLRQV��� 7K\URLG� IXQFWLRQ� WHVWV�
VKRXOG� EH� UHFRPPHQGHG� IRU� VFUHHQLQJ� \HDUO\� LQ� '0�
SDWLHQWV� WR� EH� GLVWLQJXLVKHG� IURP� VXEFOLQLFDO�
DV\PSWRPDWLF� WK\URLG� GLVRUGHUV��7KH� UDWLRQDOH� RI� WKLV�
UHVHDUFK� SURMHFW� ZDV� WR� JHQHUDWH� HYLGHQFH� DERXW�
HPLQHQFH�RI�WK\URLG�SURILOH�DPRQJ�7�'0�SDWLHQWV�DQG�
WR�SURGXFH�FRJQL]DQFH�DPRQJ�VXFK�SHRSOH�UHJDUGLQJ�
VLJQLILFDQFH� RI� VFUHHQLQJ� WK\URLG� IXQFWLRQV� DPRQJ�
7�'0�SDWLHQWV��,Q�XSFRPLQJ�WLPHV��WKLV�UHVHDUFK�VWXG\�
PD\� EHQHILW� WR� LPSURYH� WKH� VWUDWHJLHV� DV� ZHOO� DV�
SROLFLHV� WR� VFUHHQ� VXFK� GLDEHWLF� FDVHV� HDUOLHU� DQG� WR�
EH�WUHDWHG�DQG�FRSHG�WLPHO\� 

0(7+2'2/2*< 

7KLV� FURVV-VHFWLRQDO� FRPSDUDWLYH� VWXG\� FRQGXFWHG� LQ�
'HSDUWPHQW� RI� 3K\VLRORJ\� DW� /80+6�� -DPVKRUR� LQ�
FROODERUDWLRQ�ZLWK�'LDEHWLF�23'�RI�/LDTXDW�8QLYHUVLW\�
+RVSLWDO� +\GHUDEDG� �� -DPVKRUR� DQG� 'LDJQRVWLF� DQG�
5HVHDUFK� /DERUDWRU\� /80+6�� -DPVKRUR� IURP�
6HSWHPEHU� ����� WR� )HEUXDU\� ������ 6DPSOLQJ�
WHFKQLTXH�ZDV�QRQ�SUREDELOLW\�VDPSOLQJ��$FFRUGLQJ�WR�
D�UHVHDUFK�SXEOLVKHG�LQ�-30$����SUHYDOHQFH�RI�W\SH���
'0� SDWLHQWV� LQ� 3DNLVWDQ� ZDV� �������� WDNLQJ� ����
FRQILGHQWLDO�LQWHUYDO�DQG����PDUJLQ�RI�HUURU��FDOFXODWHG�
VDPSOH�VL]H�ZDV������Q �����W\SH���'0�SDWLHQWV�DQG�
IRU� FRPSDULVRQ� ���� QRQ� GLDEHWLF� LQFOXGHG�� 6R� WKDW��
WRWDO� ���� YROXQWHHUV� ZHUH� LQFOXGHG� LQ� WKLV� UHVHDUFK�
SURMHFW� DQG� VHSDUDWHG� LQWR� WZR� VHWV�� ����� W\SH� ��
GLDEHWLF�� DQG� ����� QRQ� GLDEHWLF��� %RWK� PDOH� DQG�
IHPDOH�� \RXQJ� DGXOWV� GLDJQRVHG� SDWLHQWV� RI� 7�'0�
ZKR� QHYHU� WDNHQ� WKH� GUXJV� DIIHFWLQJ� WK\URLG� SURILOH�
ZHUH� UHFUXLWHG� IRU� WKLV� UHVHDUFK� SURMHFW�� ,QFOXVLRQ�
&ULWHULD� IRU� FRQWUROV� ZHUH� ERWK� PDOH� DQG� IHPDOH�
KHDOWK\� \RXQJ� LQGLYLGXDOV� KDYLQJ� EORRG� VXJDU� IDVWLQJ�
�%6)�� QRUPDO� DIWHU� WZR� UHDGLQJV� RI� %6)� RQ� WZR�
GLIIHUHQW� RFFDVLRQV� DFFRUGLQJ� WR� :+2� FULWHULD�� 7KH�
SHUVRQV� VXIIHULQJ� IURP� IRUPHU� HQGRFULQH� SDWKRORJ\��
GLDJQRVHG�FDVHV�RI� W\SH���'0��WKRVH�ZKR�DUH�WDNLQJ�
OLSLG� GURSSLQJ� GUXJV�� KDYLQJ� SUHJQDQF\�� ZLWK� SDVW�
KLVWRU\� RI� WK\URLG� G\VIXQFWLRQV�� WDNLQJ� WKH� GUXJV�
DOWHULQJ�WK\URLG�IXQFWLRQV�DV�ZHOO�DV��DOVR�WKH�GLVHDVHV�
GLVWXUELQJ� OHYHOV� RI� WK\URLG� KRUPRQHV� L�H���
&HUHEURYDVFXODU�� FDUGLRYDVFXODU�� QHXURORJLFDO� DQG�
KHSDWLF� GLVHDVHV�� FKURQLF� NLGQH\� GLVHDVH�� DVWKPDWLFV�
ZHUH�H[FOXGHG�IRU�WKLV�UHVHDUFK�VWXG\� 
$IWHU� VXEVHTXHQW� FRQVHQWV� DQG� ODWHU� WDNLQJ� DVHSWLF�
PHDVXUHV�� ILYH� PO� LQWUDYHQRXV� EORRG� VDPSOHV� ZHUH�
WDNHQ� IURP� WKH� YROXQWHHUV� PHHWLQJ� WKH� LQFOXVLRQ�
FULWHULD��7KHQ�IRU�ELRFKHPLFDO�DQDO\VLV�SXUSRVH�� WKHVH�
EORRG�VDPSOHV� VHQW� WR� WKH� ODERUDWRU\� WR�PHDVXUH� WKH�
76+�� 7�� DQG� 7�� OHYHOV�� 6HUXP� SDUWHG� DQG� WKHQ�
GHSRVLWHG� DW� WHPSHUDWXUH� RI� � � -���F� WLOO� LQYHVWLJDWHG��
%LRFKHPLFDO� DQDO\]HU� XVHG� IRU� ELRFKHPLFDO� DQDO\VLV�
ZDV� &REDV� H���� E\� 5RFKH�� E\� PHDQV� RI� HOHFWUR�
FKHPLOXPLQHVFHQFH� VNLOO� UHQGHULQJ� WR� WKH� LQVWUXFWLRQV�
RI� SURGXFHUV�� 3DWLHQWV� ZHUH� ODEHOHG� DV� VXEFOLQLFDO�

K\SRWK\URLGLVP�ZKHQ�7���OHYHOV�ZHUH������WR������QJ�
PO��7��OHYHOV�IRXQG�����R��������J�GO�ZLWK�76+�!������
�8�PO�� 7KH� SDWLHQWV� FRQVLGHUHG� DV� VXIIHULQJ� IURP�
FOLQLFDO�K\SRWK\URLGLVP�LI�7�� OHYHOV�UHYHDOHG� OHVV�WKDQ�
����� QJ� �PO�� 7�� OHYHOV� OHVV� WKDQ� ����� �J�GO� DQG�76+�
PRUH�WKDQ������8�PO�� 
'DWD� DQDO\]HG� RQ� VWDWLVWLFDO� SDFNDJH� RI� VRFLDO�
VFLHQFHV� �6366�� YHUVLRQ� ������ )UHTXHQFLHV� ZLWK�
SHUFHQWDJH� FDOFXODWHG� IRU� GHVFULSWLYH� GDWD� ZKLOH�
TXDQWLWDWLYH� YDULDEOHV� GRFXPHQWHG� DV� PHDQ� ZLWK�
VWDQGDUG� GHYLDWLRQ�� 2XWFRPH� PRGLILHUV� RUJDQL]HG� E\�
VWUDWLI\LQJ� ERWK� DJH� DV� ZHOO� DV� JHQGHU�� )RU� UHODWLQJ�
TXDOLWDWLYH�GDWD��FKL�VTXDUH�WHVW�DSSOLHG��7KH�S-YDOXH���
�����ZHUH�UHIOHFWHG�VWDWLVWLFDOO\�VLJQLILFDQW� 

5(68/76 

(QWLUH� ���� �Q ����� YROXQWHHUV� ZHUH� LQFOXGHG� LQ� WKLV�
UHVHDUFK� SURMHFW� DQG� VHSDUDWHG� LQWR� WZR� VHWV�� �����
W\SH���GLDEHWLF��DQG������FRQWUROV���,Q�HDFK�VHW��IXUWKHU�
PDOHV� DQG� IHPDOHV� VHSDUDWHG� HTXDOO\�� 0HDQ� RI� WKH�
DJH�ZLWK�VWDQGDUG�GHYLDWLRQ�RI�VWXG\�SDUWLFLSDQWV�ZDV�
�����\HDUV���������7KH�PHDQ���VWDQGDUG�GHYLDWLRQ�RI�
7�� DPRQJ� W\SH� �� GLDEHWLF� DQG� FRQWURO� QRQ� GLDEHWLF�
JURXSV�ZHUH�IRXQG�WR�EH�����QJ�PO��������DQG�����QJ�
PO������ UHVSHFWLYHO\� ZLWK� XQLPSRUWDQW� YDULDQFH� �S�
YDOXH� ���������+RZHYHU��WKH�PHDQ�RI�7��OHYHOV�DPRQJ�
W\SH���GLDEHWLF�DQG�QRQ-GLDEHWLF�JURXSV�ZHUH������J�
GO������DQG����������UHVSHFWLYHO\�ZLWK�QRQ-VLJQLILFDQW�
DOWHUDWLRQ� �S� YDOXH�  � ������� ,QVWHDG�� LW� KDV� EHHQ�
REVHUYHG�WKDW�VWDWLVWLFDOO\�VLJQLILFDQW�YDULDQFH�H[LVWV�RI�
76+� EHWZHHQ� W\SH� �� '0� JURXS� DQG� QRQ-GLDEHWLF�
FRQWUROV� ZLWK� S� YDOXH� OHVV� WKDQ� ����ZLWK� WKH� PHDQ�
YDOXHV� �����8�PO������ DQG� �����8�PO������ DPRQJ�
W\SH� �� '0� SDWLHQWV� DQG� FRQWURO� JURXSV�
FRUUHVSRQGLQJO\�7DEOH�,�� 
,Q� WKLV� VWXG\�� RFFXUUHQFH� RI� WK\URLG� GLVHDVH� UHYHDOHG�
WR� EH� ���� DPRQJ� ���� W\SH� �� GLDEHWLFV� ZKLOH�
PD[LPXP�DPRQJ�IHPDOH�JHQGHU� ���������$PRQJ� WKH�
GLDEHWLFV�� ����� ZHUH� VXIIHULQJ� IURP� VXEFOLQLFDO�
K\SRWK\URLGLVP�� 7ZR� SHUFHQW� ����� GLDJQRVHG� DV�
VXEFOLQLFDO�K\SHUWK\URLGLVP�DV�ZHOO�DV�RQH�SHUFHQW�DV�
K\SHUWK\URLGLVP��)HPDOH�GLDEHWLFV�DUH�PRUH�GLVSRVHG�
WR�GHYHORS�WK\URLG�G\VIXQFWLRQV��7DEOH�,,� 

7$%/(�,��0($1�$*(��7���7��$1'�76+�$021*�
7+(�678'<�3238/$7,21��Q ���� 
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'0� DQG� WK\URLGDO� LOOQHVV� ERWK� DUH� WKH� PDMRU� JOREDO�
LVVXHV�UHODWHG�WR�HQGRFULQH�V\VWHP�DSSDUHQW�LQ�ODUJHO\�
SRSXODWLRQ�� 7KH� DVVRFLDWLRQ� EHWZHHQ�'0�DQG� WK\URLG�
G\VIXQFWLRQ� KDG� EHHQ� GRFXPHQWHG� DQG� SXEOLVKHG�
SUHYLRXVO\�� 6FUHHQLQJ� IRU� WK\URLG� SURILOH� DPRQJ� '0�
SDWLHQWV� FDQ� SRVVLEO\� LPSURYH� LQFLGHQW� UHFRJQLWLRQ� DV�
ZHOO� DV� WLPHO\� PDQDJHPHQW�� XOWLPDWHO\� IRUHPRVW�
WRZDUGV�EHWWHU�WK\URLG�VSHFLILF�PDQDJHPHQW�DV�ZHOO�DV�
SUHYHQWLRQ�IURP�IXUWKHU�'0�FRPSOLFDWLRQV���� 
$PRQJ� JHQHUDO� SRSXODWLRQ�� WK\URLG� LOOQHVVHV� UDQJH�
IURP� ���� WR� ����� SHUFHQW��� � � ,QVWHDG�� DPRQJ� '0�
SDWLHQWV��WKH�SUHYDOHQFH�RI�WK\URLG�GLVRUGHUV�REVHUYHG�
WR� EH� YDU\LQJ� IURP� ��� WR� ����� +RZHYHU�� WKLV� VWXG\�
IRXQG�WKH�RFFXUUHQFH�RI�HQWLUHO\�W\SHV�RI�XQGLDJQRVHG�
WK\URLG� GLVRUGHUV� WR� EH� �����������3HDN� OHYHO� RI� 76+�
ZLWK� ORZ� OHYHOV� RI� 7�� KDV� EHHQ� GHWHFWHG� LQ� 7�'0��
5RXWLQH� PRQLWRULQJ� RI� WK\URLG� LQ� '0� SDWLHQWV� LV�
QHFHVVDU\�� DQG� PDQDJHPHQW� RI� WK\URLG� G\VIXQFWLRQ�
PD\�EH�D�SRWHQWLDO�WKHUDSHXWLF�VWUDWHJ\�RI�'0��� 

,Q� WKLV� VWXG\�� WKH� SUHYDOHQFH� RI� VXEFOLQLFDO�
K\SRWK\URLGLVP� LV� PRUH� LQ� 7�'0� SHRSOH�� 7KLV� LV� LQ�
DVVRFLDWLRQ� WR� WKH� VWXG\� RI� (OJD]DU� (+� ������DQG�
$OVRODPL�$$�HW�DO���ZKR�FRQFOXGHG�JUHDWHU�SUHYDOHQFH�
RI� WK\URLG� WURXEOHV� DPRQJ� SDWLHQWV� VXIIHULQJ� IURP� 7��
'0�� $QG� WKLV� G\VIXQFWLRQ� KDV� EHHQ� UHYHDOHG� DV�� LQ�
GLUHFW� SURSRUWLRQ� ZLWK� +E$�F� OHYHOV�� 7KLV� PLJKW�
SURSRVH� WKDW� WKH� GHSULYHG� JO\FHPLF� PHFKDQLVP� FDQ�
SRVVLEO\� KDYH� D� SDUW� LQ� WKH� H[SDQVLRQ� WR� WK\URLG�
G\VIXQFWLRQV� LQ� WKH� SDWLHQWV� VXIIHULQJ� IURP� 7�'0��
6XEFOLQLFDO� K\SRWK\URLGLVP� KDV� EHHQ� IRXQG� WR� EH�
XWPRVW� SUHYDOHQW� NLQG� RI� WK\URLG� GLVRUGHUV� LQ� '0�
SDWLHQWV���+\SRWK\URLGLVP�LV�D�UHFRJQL]HG�ULVN�IHDWXUH�
IRU� GHYHORSLQJ� FRURQDU\� DUWHU\� GLVHDVH� �&$'�� DQG� LV�
REVHUYHG� WR� EH� UHODWHG� ZLWK� DXJPHQWHG� DOO-FDXVH�
PRUWDOLW\� LQGHSHQGHQW� RI� &$'� ULVN� HOHPHQWV��  7�'0�
SDWLHQWV�ZHUH�FRPPRQO\�VHHQ�WR�EH�DW�DXJPHQWHG�ULVN�
RI� HPHUJLQJ� K\SRWK\URLGLVP�� $GHTXDWH� PDQDJHPHQW�
DQG�FRQWURO�RI�7�'0�PLJKW�OHVVHQ�WKH�ULVN�RI�HPHUJLQJ�
K\SRWK\URLGLVP���� $FFRUGLQJ� WR� D� UHVHDUFK� VWXG\��
SUHYDOHQFH� RI� VXEFOLQLFDO� K\SRWK\URLGLVP� DQG� RYHUW�
K\SRWK\URLGLVP� ZDV� ������� ������ DQG� ������ ������
UHVSHFWLYHO\��� 

7LZDUL� +.� ������� DOVR� UHYHDOHG� WKDW� 6XEFOLQLFDO�
K\SRWK\URLGLVP� DQG� RYHUW� K\SRWK\URLGLVP� ZDV� WKH�
PRVW� FRPPRQ� WK\URLG� DEQRUPDOLW\� LQ� 7\SH� �� '0��

7K\URLG� G\VIXQFWLRQ� ZDV� DVVRFLDWHG� ZLWK� ZRUVHQLQJ�
G\VOLSLGHPLD� LQ� 7�'0�� 7KH� PHDQ� ERG\� PDVV� LQGH[�
ZDV�KLJK� LQ�GLDEHWLF�SDWLHQWV�ZLWK� WK\URLG�G\VIXQFWLRQ��
7KH� KHPRJORELQ� $�F� OHYHOV� LQ� SDWLHQWV� ZKR� KDG�
WK\URLG� G\VIXQFWLRQ� ZHUH� KLJK�� 'LIIHUHQW� UHVHDUFK�
VWXGLHV� UHYHDOHG� WKDW� K\SRWK\URLGLVP�� SDUWLFXODUO\�
VXEFOLQLFDO�YDULHW\�� LV�VHHQ� LQ� W\SH���GLDEHWLF�SDWLHQWV��
7KHUHIRUH�� URXWLQH� VFUHHQLQJ� LV� DGYLVHG������� EXW� RQH�
VWXG\� FRQGXFWHG� DW� 6RXWK� ,QGLD� UHYHDOHG� WKDW� WK\URLG�
IXQFWLRQ� SURILOH� LV� QRW� DOWHUHG� DPRQJ� WKH� 7�'0�
SDWLHQWV�ZKHQ�FRPSDUHG�WR�QRQGLDEHWLFV��� 

&RQIHUULQJ� WR� WKLV� UHVHDUFK� VWXG\�� WKH� RFFXUUHQFH� RI�
VXEFOLQLFDO� K\SRWK\URLGLVP� REVHUYHG� WR� EH� DGYDQFHG�
DQG� SUHYDOHQW� DPRQJ� IHPDOH� 7�� '0� SDWLHQWV� LQ�
FRPSDULVRQ� ZLWK� JHQHUDO� DSSDUHQWO\� KHDOWK\�
SRSXODWLRQ�� 7KLV� LQQRYDWLRQ� LV� FRQVLVWHQW� ZLWK� WKH�
UHVHDUFK� E\� GLIIHUHQW� DXWKRUV� L�H��� /DO� %� �������DQG�
0LVKUD� 6� �������UHYHDOHG� JUHDWHU� SHUYDVLYHQHVV� RI�
WK\URLG� G\VIXQFWLRQV� DPRQJ� IHPDOHV� KDYLQJ� '0��
$PRQJ�K\SRWK\URLG� LQGLYLGXDOV��������SHUFHQW�DQG����
SHUFHQW� ZHUH� PDOH� DQG� IHPDOHV� UHVSHFWLYHO\�� ZLWK�
QRWHZRUWK\�YDULDQFH��S ��������KRZHYHU�DPRQJ�WKHVH�
K\SRWK\URLG�SHRSOH�����REVHUYHG�WR�EH�VXIIHULQJ�IURP�
FOLQLFDO�K\SRWK\URLGLVP�ZKLOH�����FDVHV�RI�VXEFOLQLFDO�
K\SRWK\URLGLVP� GHWHFWHG����,W� LV� EHQHILFLDO� WR� VFUHHQ�
7�'0�SDWLHQWV�IRU�WK\URLG�LVVXHV�DQG�WKLV�FRXOG�PDNH�
SURJUHVV� LQ� HDUO\� FDVH� GHWHFWLRQ� DV� ZHOO� DV� WLPHO\�
PDQDJHPHQW�� LQGLUHFWO\� OHDGLQJ� WR� LPSURYHG� WK\URLG�
UHODWHG� RXWFRPHV� ZLWK� WKH� SUHYHQWLRQ� RI� WKH� '0�
FRPSOLFDWLRQV�� 
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,W� KDV� EHHQ� FRQFOXGHG� IURP� WKLV� UHVHDUFK� VWXG\� WKDW�
7�'0�LV�RQH�RI�WKH�ULVN�IDFWRUV�IRU�WK\URLG�G\VIXQFWLRQV�
DQG� JXLGHOLQHV� VKRXOG� EH� PDGH� WR� GLDJQRVH� DQG�
PDQDJH�VXFK�FR�PRUELG�FDVHV�WLPHO\�� 

(WKLFDO� SHUPLVVLRQ�� /LDTXDW�8QLYHUVLW\�RI�0HGLFDO�
	�+HDOWK�6FLHQFHV�(5&�OHWWHU�1R��/80+6�5(&� �����
GDWHG���-��-����� 

&RQIOLFW�RI�LQWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�� 
)XQGLQJ��7KHUH�ZDV�QR�DQ\�IXQGLQJ�DJHQF\� 
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%DL�.��&RQFHSW��GDWD�FROOHFWLRQ�	�VWDWLVWLFV 
$EEDVVL�$��&ULWLFDO�UHYLVLRQ�	�VXJJHVWLRQ 
6XWKHU�5.��'DWD�FROOHFWLRQ�	�OLWHUDWXUH�VHDUFK 
4DVPL�5��&ULWLFDO�UHYLVLRQ�	�VXJJHVWLRQ 
%KDWWL�8��'DWD�DQDO\VLV 
5DQL�.��'DWD�FROOHFWLRQ 

5()(5(1&(6 

�� %HOORX� 9�� %HOEDVLV� /�� 7]RXODNL� ,�� (YDQJHORX� (��
5LVN� IDFWRUV� IRU� W\SH� �� GLDEHWHV� PHOOLWXV�� $Q�
H[SRVXUH-ZLGH�XPEUHOOD�UHYLHZ�RI�PHWD-DQDO\VHV��
3/R6�21(�� ������ ������� H��������� GRL���������
MRXUQDO�SRQH�������� 

�� 6XQNDUL�6��*RGEROH�*��$VKRN�3��.KDUFKH�-��-RVKL�$��
$VVRFLDWLRQ�RI�K\SRWK\URLGLVP�DQG�W\SH���GLDEHWHV�

.DYLWD�%DL��$EGXOODK�$EEDVVL��5DPHVK�.XPDU�6XWKDU��5DVKHHGD�4DVPL��8URRM�%KDWWL��.HHQMDKDU�5DQL 
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LQ�SDWLHQWV�DWWHQGLQJ�WHUWLDU\�FDUH�KRVSLWDO�RI�3XQH�
&LW\��1DWO�-�3K\VLRO�3KDUP�3KDPDFRO��������������
���-����GRL���������QMSSS���������������������� 

�� 6XEHNWL� ,�� 3UDPRQR� /$�� 'HZLDVW\� (�� +DUEXZRQR�
'6�� 7K\URLG� G\VIXQFWLRQ� LQ� W\SH� �� GLDEHWHV�
PHOOLWXV�SDWLHQWV��$FWD�0HG�,QGRQHV���������������
���-���� 

�� &KDQG�*��*DUJ�3��2EHURL�..��6DQGKX�6��6WXG\�RI�
G\VOLSLGHPLD� LQ� W\SH� �� GLDEHWHV� PHOOLWXV� SDWLHQWV�
ZLWK�DQG�ZLWKRXW�DVVRFLDWHG�K\SRWK\URLGLVP�� ,QW�-�
6FL�5HV����������������-��� 

�� =ZHFN� (�� 6FKHLEHU� '�� -HOHQLN� 7�� ,QVXOLQ�
5HVLVWDQFH� DQG� 7\SH� �� 'LDEHWHV� 0HOOLWXV� $UH�
$VVRFLDWHG� ZLWK� ,PSDLUHG� 0LWRFKRQGULDO� )XQFWLRQ�
LQ� +XPDQ� 9HQWULFXODU� 0\RFDUGLXP�� 'LDEHWHV��
�����������������GRL���������GE��-���� 

�� .KDQ�51��8OODK�5��$KPDG�,��*KDIIDU�7��)UHTXHQF\�
RI� XQGLDJQRVHG� WK\URLG� GLVRUGHUV� LQ� SDWLHQWV� ZLWK�
W\SH���GLDEHWHV�PHOOLWXV�DW�D�WHUWLDU\�FDUH�FHQWHU��-�
3RVWJUDG�0HG�,QVW������������������-���� 

�� =KX� <�� ;X� )�� 6KHQ� -�� /LX� <�� %L� &�� /LX� -�� HW� DO��
3UHYDOHQFH�RI�WK\URLG�G\VIXQFWLRQ�LQ�ROGHU�&KLQHVH�
SDWLHQWV�ZLWK�W\SH���GLDEHWHV-$�PXOWLFHQWHU�FURVV-
VHFWLRQDO� REVHUYDWLRQDO� VWXG\� DFURVV�&KLQD�� 3OR6�
2QH���������������H���������GRL����������MRXUQDO��
SRQH��������� 

�� %LRQGL� %�� .DKDO\� *-�� 5REHUWVRQ� 53�� 7K\URLG�
'\VIXQFWLRQ� DQG� 'LDEHWHV� 0HOOLWXV�� 7ZR� &ORVHO\�
$VVRFLDWHG� 'LVRUGHUV�� (QGRFU� 5HY�� ������ �������
���-�����GRL� ��������HU�����-������ 

�� (OJD]DU�(+�� (VKHED�1(�� 6KDODE\�6$��0RKDPHG�
:)�� 7K\URLG� G\VIXQFWLRQ� SUHYDOHQFH� DQG� UHODWLRQ�
WR�JO\FHPLF�FRQWURO�LQ�SDWLHQWV�ZLWK�W\SH���GLDEHWHV�
PHOOLWXV��'LDEHWHV�0HWDE�6\QGU�������������������
-������GRL���������M�GV[������������� 

��� 0HR� 6$�� =LD� ,�� %XNKDUL� ,$�� $UDLVQ� 6$�� 7\SH� ��
GLDEHWHV�PHOOLWXV� LQ�3DNLVWDQ��&XUUHQW�SUHYDOHQFH�
DQG� IXWXUH� IRUHFDVW�� -� 3DN�0HG�$VVRF�� ������ ��
����������-��� 

��� +XVVDLQ� 7�� %DULN� %6�� 1D\DN� $5�� 'DV� 6��
.KDGDQJD�8.�� <DGDY� 96�� HW� DO�� 3UHYDOHQFH� DQG�
SUHGLFWRUV� RI� WK\URLG� G\VIXQFWLRQ� DPRQJ� SDWLHQWV�
ZLWK� W\SH� �� GLDEHWHV�PHOOLWXV� DWWHQGLQJ� D� WHUWLDU\�

FDUH� KRVSLWDO� LQ� DQ� XUEDQ� DUHD� RI� %KXEDQHVZDU��
2GLVKD��7K\URLG�5HV�3UDFW�����������������-��� 

��� =KDR� :�� /L� ;�� /LX� ;�� /X� /�� *DR� =�� 7K\URLG�
)XQFWLRQ�LQ�3DWLHQWV�ZLWK�7\SH���'LDEHWHV�0HOOLWXV�
DQG� 'LDEHWLF� 1HSKURSDWK\�� $� 6LQJOH� &HQWHU�
6WXG\� -�7K\URLG�5HV��������$UWLFOH� ,'�����������
GRL���������������������� 

��� $OVRODPL� $$�� $OVKDOL� .=�� $OEHVKUL� 0$�� $OKDVVDQ�
6+�� 4D]OL� $0�� $OPDONL� $6�� HW� DO�� $VVRFLDWLRQ�
EHWZHHQ� W\SH� �� GLDEHWHV� PHOOLWXV� DQG�
K\SRWK\URLGLVP�� D� FDVH–FRQWURO� VWXG\�� ,� QW� -�*HQ�
0HG���������������-�����GRL����������,-*0�6����
���� 

��� 3UDPDQLN� 6�� *KRVK� 6�� 0XNKRSDGK\D\� 3��
%KDWWDFKDUMHH5�� 0XNKHUMHH%�� 0RQGDO� 6$�� HW� DO��
7K\URLG� 6WDWXV� LQ� 3DWLHQWV� ZLWK� 7\SH� �� 'LDEHWHV�
$WWHQGLQJ� D� 7HUWLDU\� &DUH� +RVSLWDO� LQ� (DVWHUQ�
,QGLD� ,QGLDQ�-�(QGRFULQRO�0HWDE������������������
-�����GRL���������LMHP�,-(0B���B��� 

��� 7LZDUL� +.�� .XPDU� 3�� $� FDVH� FRQWURO� VWXG\� WR�
HYDOXDWH� WKH� SUHYDOHQFH� RI� WK\URLG� G\VIXQFWLRQ� LQ�
7\SH-�� 'LDEHWHV� 0HOOLWXV�� -� $GY� 0HG� 'HQW� 6FL�
5HV����������������-�� 

��� 6XQNDUL�6��*RGEROH�*��$VKRN�3��.KDUFKH�-��-RVKL�
$�� $VVRFLDWLRQ� RI� K\SRWK\URLGLVP� DQG� W\SH� ��
GLDEHWHV�LQ�SDWLHQWV�DWWHQGLQJ�WHUWLDU\�FDUH�KRVSLWDO�
RI� 3XQH� &LW\�� � 1DWO� -� 3K\VLRO� 3KDUP� 3KDUPDFRO��
������ ������ ���-����� GRL���������QMSSS���������
�������������� 

��� 0HQRQ�89��%KDYDQL�1��-D\DNXPDU�59��.XPDU�+��
1DLU� 9�� 3UDYHHQ�93�� HW� DO�� 3UHYDOHQFH� RI� WK\URLG�
GLVRUGHUV� LV� QRW� GLIIHUHQW� LQ� W\SH� �� GLDEHWHV�
PHOOLWXV�FRPSDUHG�WR�QRQGLDEHWLFV�LQ�6RXWK�,QGLD��
,QW� -� 'LDEHWHV� 'HY� &WULHV�� ������ ������� ���-����
GRL���������V�����-���-����-� 

��� /DO� %�� 3DQGH\� 0�� 5DR� 6�� 0DWKXU� 6�� 5LVKL� -3��
3UHYDOHQFH� RI� 7K\URLG� 'LVRUGHUV� LQ� 7\SH� ��
'LDEHWHV�0HOOLWXV��$QQ�,QW�0HG�'HQW�5HV���������
��������-�� 

��� 0LVKUD� 6�� 0LVKUD� 6�� %HKHUD� %.�� 7K\URLG�
G\VIXQFWLRQ� LQ� SDWLHQWV� ZLWK� 7\SH-�� GLDEHWHV�
PHOOLWXV� LQ� (DVWHUQ� ,QGLD�� -� 3KDUP� %LRPHG� 6FL��
�����������������-���� 

$VVHVVPHQW�RI�7K\URLG�3URILOH�LQ�'LDEHWHV�0HOOLWXV�7\SH�,, 
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'U��.DYLWD�%DL��&RUUHVSRQGLQJ�$XWKRU� 
$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�3K\VLRORJ\ 
,QGXV�0HGLFDO�&ROOHJH 
7DQGR�0XKDPPDG�.KDQ��6LQGK-3DNLVWDQ� 
(PDLO��EDLGUNDYLWD#JPDLO�FRP 

'U��$EGXOODK�$EEDVVL 
3URIHVVRU��'HSDUWPHQW�RI�3K\VLRORJ\ 
0XKDPPDG�0HGLFDO�&ROOHJH 
0LUSXUNKDV��6LQGK-3DNLVWDQ� 

'U��5DPHVK�.XPDU�6XWKDU 
$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�0HGLFLQH 
,QGXV�0HGLFDO�&ROOHJH 

7DQGR�0XKDPPDG�.KDQ��6LQGK-3DNLVWDQ� 
 

'U��5DVKHHGD�4DVPL 
3URIHVVRU��'HSDUWPHQW�RI�3K\VLRORJ\ 
0XKDPPDG�0HGLFDO�&ROOHJH 
0LUSXUNKDV��6LQGK-3DNLVWDQ� 
 

'U��8URRM�%KDWWL 
/HFWXUH��'HSDUWPHQW�RI�3K\VLRORJ\ 
/LDTXDW�8QLYHUVLW\�RI�0HGLFDO�DQG�+HDOWK�6FLHQFHV 
�/80+6���-DPVKRUR��6LQGK-3DNLVWDQ� 
 

'U��.HHQMKDU�5DQL 
$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�3K\VLRORJ\ 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ� 


