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7KH� HIIHFWLYH� WUHDWPHQW� RI� W\SH� �� GLDEHWHV� PHOOLWXV�
�7�'�� KDV� EHFRPH� D� ELJ� FKDOOHQJH� IRU� SK\VLFLDQV��
HVSHFLDOO\� LQ�REHVH�RYHUZHLJKW�SHRSOH��$IWHU����\HDUV�
RI� GLDJQRVLV� QHDUO\� ���� W\SH� �� GLDEHWLFV� UHTXLUH�
PXOWLSOH� GLDEHWLF� PHGLFDWLRQV� WR� PDQDJH�
K\SHUJO\FDHPLD� DQG� SUHYHQW� WKH� ULVN� RI� GHYHORSLQJ�
GLDEHWLF�FRPSOLFDWLRQV���:HLJKW�JDLQ� LV� WKH�VLGH�HIIHFW�
RI� PDQ\� RUDO� DQWL-GLDEHWLF� GUXJV� �2$'�� OLNH�
VXOIRQ\OXUHD� DQG� SLRJOLWD]RQH� DQG� LQVXOLQ�� VR� REHVH�
SHRSOH�PD\� IDFH�REHVLW\� UHODWHG�SUREOHPV��� ,Q� UHFHQW�
\HDUV�� D� FODVV� RI� PHGLFDWLRQV� KDV� EHHQ� GHYHORSHG�
ZKRVH� DFWLRQV� DUH� EDVHG� RQ� PDQLSXODWLRQ� RI� D� JXW�
KRUPRQHV� FDOOHG� LQFUHWLQV�� 7KH� LQFUHWLQ� EDVHG� GUXJV�
LQFOXGH� *OXFDJRQ� OLNH� SHSWLGH� �� 5HFHSWRU� $JRQLVWV�
�*/3� �-5$�� LQFUHDVH� HQGRJHQRXV� LQVXOLQ�� GHFUHDVH�
DSSHWLWH� DQG� GHOD\� JDVWULF� HPSW\LQJ� RIIHULQJ� JRRG�
JO\FDHPLF�FRQWURO��VLJQLILFDQW�ZHLJKW�ORVV�ZLWK�PLQLPDO�
ULVN� RI� K\SRJO\FDHPLD�� PRUHRYHU� *OXFDJRQ� OLNH�
SHSWLGH���5$V�KDV�DGYDQWDJH�RI�DGGLQJ� WR�RWKHU�RUDO�
DQWLGLDEHWLF�GUXJV�OLNH�PHWIRUPLQ�DQG�VXOIRQ\OXUHDV�DV�
ZHOO�DV�FRPELQDWLRQ�ZLWK�LQVXOLQ�� 

$PHULFDQ� 'LDEHWHV� $VVRFLDWLRQ� DQG� WKH� (XURSHDQ�
$VVRFLDWLRQ� IRU� WKH� 6WXG\� RI� 'LDEHWHV� ERWK�
UHFRPPHQGV� WKDW� */3-�� 5$� FDQ� EH� DGGHG�� ZKHQ�
DSSUR[LPDWHO\� � PRQWKV� RI� LQLWLDO� WUHDWPHQW� ZLWK�
PHWIRUPLQ� DORQH� KDV� IDLOHG� WR� DFKLHYH� WDUJHWHG�
JO\FRV\ODWHG� KDHPRJORELQ� �+E$�F�� OHYHOV�� LQ� SDWLHQWV�
ZLWK�W\SH���GLDEHWHV�PHOOLWXV���,QWHUQDWLRQDOO\����*/3���
5$V� DUH� DYDLODEOH�� IRU� WUHDWLQJ� RI� 7\SH� �� GLDEHWHV��
DOELJOXWLGH� ���� RU� �� PJ� RQFH� D� ZHHN��� GXODJOXWLGH�

������ RU� ��� PJ� RQFH� D� ZHHN��� H[HQDWLGH� ��� PFJ�
WZLFH� GDLO\� RU� � PJ� RQFH� D� ZHHN��� OLUDJOXWLGH� ����� RU�
��� PJ�RQFH�D�GD\��OL[LVHQDWLGH���� PFJ�RQFH�D�GD\���
DQG�VHPDJOXWLGH������RU�� PJ�RQFH�D�ZHHN���DOO�FDQ�EH�
DGPLQLVWHUHG� E\� VXEFXWDQHRXV� LQMHFWLRQV��� RXW� RI�
ZKLFK� RQO\� OLUDJOXWLGH� DQG� GXODJOXWLGH� LV� DYDLODEOH� LQ�
3DNLVWDQ� 
/LUDJOXWLGH�LV�DLQMHFWDEOH�JOXFDJRQ-OLNH�SHSWLGH-���*/3
-��� DSSURYHG� IRU� WKH� WUHDWPHQW� RI� 7\SH� �� GLDEHWHV�
PHOOLWXV�� ,W� LV� JLYHQ� VXEFXWDQHRXVO\� RQFH� D� GD\��
(IIHFWLYHQHVV� RI� OLUDJOXWLGH� LQ� UHGXFLQJ� JO\FRV\ODWHG�
KDHPRJORELQ��+E$�F��DQG�ERG\�ZHLJKW�LQ�SDWLHQWV�ZLWK�
7\SH���'LDEHWHV�KDV�EHHQ�VWXGLHG�LQ�PDQ\�(XURSHDQ�
FRXQWULHV��ODUJHVW�EHLQJ�/LUDJOXWLGH�(IIHFW�DQG�$FWLRQ�LQ�
'LDEHWHV� �/($'�� VWXG\� SURJUDP� DQG� GDWD� IURP� UHDO-
ZRUOG� REVHUYDWLRQDO� VWXGLHV� KDYH� VKRZQ� VLJQLILFDQW�
EHQHILWV� RI� OLUDJOXWLGH� LQ� UHGXFLQJ� ERG\� ZHLJKW� DQG�
DFKLHYLQJ� WDUJHW� JO\FDWHG� KDHPRJORELQ� �+E$�F����

�-����
0RVW� RI� WKHVH� VWXGLHV� GHSLFW� GDWD� IURP� ZHVWHUQ�
SRSXODWLRQ��YHU\�IHZ�VWXGLHV�VKRZV�$VLDQ�VWDWLVWLFV��VR�
PDLQ� UDWLRQDOH� RI� RXU� VWXG\� LV� REVHUYH� WKH�
HIIHFWLYHQHVV�RI� OLUDJOXWLGH� LQ�3DNLVWDQL� SRSXODWLRQ��VR�
ZH� GHVLJQHG� WKLV� VWXG\� IRU� RXU� KRVSLWDO�� .HHSLQJ� WKH�
SULPDU\�UDWLRQDOH� LQ�PLQG�WKH�DLP�RI� WKH�VWXG\�ZDV�WR�
GHWHUPLQH� WKH� HIIHFWLYHQHVV� RI� OLUDJOXWLGH� LQ� UHGXFLQJ�
ERG\� ZHLJKW� DQG� *O\FDWHG� KDHPRJORELQ� �+E$�F�� LQ�
W\SH� �� GLDEHWLF� SDWLHQWV�� LQ� -LQQDK� 0HGLFDO� &ROOHJH�
+RVSLWDO�.DUDFKL��3DNLVWDQ� 
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PHGLFLQH� ZDUG� DQG� GLDEHWLF� 23'� DW� -LQQDK� 0HGLFDO�
&ROOHJH�+RVSLWDO�.DUDFKL�3DNLVWDQ�IURP�-DQXDU\������
WR�$SULO�������7KH�&RQYHQLHQW�VDPSOH� WHFKQLTXH�ZDV�
XVHG� IRU� VDPSOH� FROOHFWLRQ�� ,QFOXVLRQ� FULWHULD� LQFOXGHG�
GLDJQRVLV� RI� W\SH� �� GLDEHWHV�� DJHG� ��-��� \HDUV��
UHFHLYLQJ� OLUDJOXWLGH� IRU� DW� OHDVW� ��� GD\�� KDYLQJ�
EDVHOLQH� ERG\� ZHLJKW� RI� !���� NJ� DQG� +E$�F!���
([FOXVLRQ� FULWHULD� ZHUH� SUHJQDQF\�� DGYDQFHG� UHQDO�
GLVHDVH� �FUHDWLQLQH� FOHDUDQFH� ���PO�PLQ��� KDYLQJ�
JHQHUDOL]HG� HGHPD�� RWKHU� HQGRFULQH� GLVRUGHUV�
�FXVKLQJV�� WK\URLG� G\VIXQFWLRQV��� WDNLQJ� V\VWHPLF�
VWHURLGV� RU� ZHLJKW� UHGXFLQJ� GUXJV� DQG� ''3� ��
LQKLELWRUV��GLSHSHWLG\O�WUDQVIHUDVH�LQKLELWRUV���'LDEHWHV�
ZDV� GHILQHG� LI� WKH\� IXOILOOHG� WKH� $'$� �$PHULFDQ�
'LDEHWHV�$VVRFLDWLRQ��FULWHULD�IRU�GLDJQRVLV�RI�GLDEHWHV�
PHOOLWXV��)%*���� PJ�GO��5%*����� PJ�GO��RU�+E$�F�
���� ������+E$�&!��ZDV�FRQVLGHUHG�SRRUO\�FRQWUROOHG�
GLDEHWHV�� $Q� DSSURYDO� E\� LQVWLWXWLRQDO� HWKLFDO�
FRPPLWWHH�ZDV�WDNHQ�EHIRUH�FROOHFWLQJ�WKH�GDWD�� 
7KH� GDWD� ZDV� FROOHFWHG� E\� WUDLQHG� KRXVH� SK\VLFLDQV�
XQGHU�VXSHUYLVLRQ��%HIRUH�HQUROPHQW�SDUWLFLSDQWV�ZHUH�
H[SODLQHG�DERXW� WKH�GHWDLOV�RI�VWXG\�DQG�XWLOL]DWLRQ�RI�
GDWD� DQG� LQIRUPHG� FRQVHQW� ZDV� WDNHQ� IURP� DOO� WKH�
SDWLHQWV�� $OO� WKH� LQIRUPDWLRQ� ZDV� UHFRUGHG� RQ�
VWUXFWXUHG� TXHVWLRQQDLUH�� 7KH� GDWD� LQFOXGHG� DJH��
JHQGHU�� EDVHOLQH�+E$�&�� EDVHOLQH� ERG\ZHLJKW� DQG� ��
JURXSV� RI� FRPELQDWLRQ� WKHUDSLHV�� VWDWHG� DV� *� � �
PRQRWKHUDS\� �RQO\� OLUDJOXWLGH��� *� � GXDO� WKHUDS\�
�OLUDJOXWLGH� DQG� PHWIRUPLQ�� DQG� * �� WULSOH� WKHUDS\�
�OLUDJOXWLGH��PHWIRUPLQ�DQG�SLRJOLWD]RQH�VXOIRQ\O�XUHD���
* �� �LQVXOLQ� SOXV� OLUDJOXWLGH�� DQG�* ��OLUDJOXWLGH� SOXV�
LQVXOLQ� SOXV� PHWIRUPLQ��� )ROORZ� XS� +E$�&� 	ZHLJKW�
ZHUH� UHFRUGHG� DW� ��-� DQG� ��-ZHHNV� RI� WKHUDS\�� 7KH�
SULPDU\� HQGSRLQW� ZDV� FKDQJH� LQ� JO\FDWHG�
KDHPRJORELQ� �+E$�F�� DQG� ZHLJKW�� 6HFRQGDU\�
HQGSRLQW� ZDV� SUHVHQFH� RI� DGYHUVH� HYHQWV� LQFOXGLQJ�
K\SRJO\FDHPLD� 
'DWD�ZDV�DQDO\VHG�E\�XVLQJ�6366�Y-����$JH��+E$�F�
DQG� ERG\� ZHLJKW� ZHUH� TXDQWLWDWLYH� YDULDEOHV�
SUHVHQWHG�DV�PHDQ�6'��ZKLOH�JHQGHU�DQG�WKH�WKHUDS\�
JURXSV� �*�-*��� ZHUH� TXDOLWDWLYH� YDULDEOHV� SUHVHQWHG�
DV� IUHTXHQF\�� SHUFHQWDJH�� &KL–VTXDUH� WHVW� ZDV�
DSSOLHG�� 3-9DOXHV������ ZDV� FRQVLGHUHG� WR� EH�
VLJQLILFDQW� 
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2XW� RI� ��� SDWLHQWV� ���������� ZHUH� PDOH� DQG� ��

�������� ZHUH� IHPDOH�� 0HDQ� DJH� ZDV� ��������� DQG�
PHDQ� ERG\� ZHLJKW� ZDV� ���� NJ�� 0HDQ� +E$�F� ZDV�
���������� � �������� ��� ZHUH� UHFHLYLQJ� PRQRWKHUDS\�
�*� OLUDJOXWLGH��� ��� �������� ZHUH� UHFHLYLQJ� GXDO�
WKHUDS\� �*� OLUDJOXWLGH� ZLWK� PHWIRUPLQ��� ����������
ZHUH�RQ�WULSOH�WKHUDS\��* ��OLUDJOXWLGH��PHWIRUPLQ�DQG�
VXOIRQ\OXUHD��� �� �������� ZHUH� RQ� ORQJ� DFWLQJ� LQVXOLQ�
DQG� OLUDJOXWLGH� �* ���� ��������� ZHUH� RQ� �* ��
OLUDJOXWLGH��PHWIRUPLQ�DQG�ORQJ�DFWLQJ�LQVXOLQ����7DEOH�,� 
,Q�RUDO�DQW�GLDEHWLF�DQG�OLUDJOXWLGH�JURXSV�L�H��*���*���
*���WKHUH�ZDV�VLJQLILFDQW�UHGXFWLRQ�LQ�ZHLJKW�DW����DQG�
��� ZHHNV� RI� WUHDWPHQW� �7DEOH� ,,��� 0HDQ� +E$�&� ZDV�
DOVR� VLJQLILFDQWO\� UHGXFHG� DW� ��� DQG� ���ZHHNV� LQ�*��
DQG� *�� JURXS�� ,Q� *� �� +E$�F� ZDV� UHGXFHG� DW� ���
ZHHNV�EXW�QR�IXUWKHU�UHGXFWLRQ�DW����ZHHNV���7DEOH�,,,� 
,Q�LQVXOLQ�JURXS�*����WKHUH�ZDV�VLJQLILFDQW�UHGXFWLRQ�LQ�
ZHLJKW� DQG� +E$�F� DW� ��� ZHHNV� EXW� QR� IXUWKHU�
UHGXFWLRQ�DW����ZHHNV��7DEOH�,9�DQG�9���:KLOH�LQ�*���
L�H��SHRSOH�UHFHLYLQJ�LQVXOLQ��OLUDJOXWLGH�DQG�PHWIRUPLQ��
ZHLJKW� DQG� +E$�F� ZDV� VLJQLILFDQWO\� UHGXFHG� ERWK� DW�
���DQG����ZHHNV��7DEOH�,9�DQG�9��,W� LV�QRWHZRUWK\�WR�
PHQWLRQ� WKDW� DGGLQJ� PHWIRUPLQ� WR� LQVXOLQ� DQG�
OLUDJOXWLGH�FRPELQDWLRQ�KDG�D�EHWWHU�UHVSRQVH�WKDQ�WKH�
FRPELQDWLRQ�� ZKLFK� ZDV� UHIOHFWHG� E\� ORZ� S� YDOXHV�
�7DEOH�9���1R�PDMRU�DGYHUVH�HIIHFW�QRWLFHG�HVSHFLDOO\�
QR� K\SRJO\FDHPLD�� 7UDQVLHQW� PLOG� WR� PRGHUDWH�
JDVWURLQWHVWLQDO�V\PSWRPV�ZHUH�H[SHULHQFHG�E\�RQO\���
SDWLHQWV�� 
7$%/(�,�� 
*(1(5$/�&+$5$&7(5,67,&6�$1'�9$5,$%/(6 

/LUDJOXWLGH��$�1HZ�+RSH�IRU�2EHVH�'LDEHWLFV 

��� 

$*(��PHDQ��6'��\HDUV 
0HDQ�$JH� 
���������� 

0DOH�Q���� 
)HPDOH�Q���� 

��������� 
��������� 

%DVHOLQH�ZHLJKW��PHDQ�6'� ������� 

%DVHOLQH�+E$�F�PHDQ�6'� �������� 

7\SH�RI�WUHDWPHQW�Q�����  

0RQRWKHUDS\��/LUDJOXWLGH�DORQH� ��������� 

'XDO�WKHUDS\��/LUDJOXWLGH�DQG�PHWIRUPLQ� ��������� 

7ULSOH�WKHUDS\��OLUDJOXWLGH��PHWIRUPLQ�DQG�VXO�
IRQ\O�XUHD� 

���������� 

/RQJ�DFWLQJ�LQVXOLQ�DQG�OLUDJOXWLGH �������� 

,QVXOLQ��OLUDJOXWLGH�DQG�PHWIRUPLQ �������� 
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*OXFDJRQ� OLNH� SHSWLGH� UHFHSWRU� DJRQLVWV� DFWV� E\�
LQFUHDVLQJ�LQVXOLQ�VHFUHWLRQ�IURP�SDQFUHDV�LQ�UHVSRQVH�
WR� RUDO� JOXFRVH� LQWDNH� DQG� WKH\� DOVR� VXSSUHVV�
JOXFDJRQ� VHFUHWLRQ� DQG� GHOD\V� JDVWULF� HPSW\LQJ��
ZKLFK�UHGXFHV�DSSHWLWH��7KXV�SURYLGH�JRRG�JO\FDHPLF�
FRQWURO�ZKLOH�DYRLGLQJ�K\SRJO\FDHPLD�DQG�ZHLJKW�JDLQ�
DV�FRPSDUHG�WR� LQVXOLQ� WKHUDS\��$V� WKLV� LV�D�UHODWLYHO\�
QHZ� FODVV� RI� JOXFRVH-ORZHULQJ� DJHQWV�� YDULRXV�
TXHVWLRQV� DULVH� DERXW� HIIHFWLYHQHVV� RI� */3-5$�
HVSHFLDOO\� LQ� FRPELQDWLRQ� ZLWK� RWKHU� DYDLODEOH�
WKHUDSLHV�� /HDVW� GDWD� LV� DYDLODEOH� IURP� $VLDQ�
SRSXODWLRQ��HYHQ�QR�VWXGLHV�IURP�3DNLVWDQ� 
,Q�RXU�VWXG\�ZH�REVHUYHG�HIIHFW�RI�OLUDJOXWLGH�RQ�ZHLJKW�
DQG� +E$�F�� (LWKHU� DORQH� RU� ZLWK� RWKHU� RUDO�
DQWLGLDEHWLFV�LQVXOLQ�� :KHQ� OLUDJOXWLGH� ZDV� XVHG� DV�
PRQRWKHUDS\��LW�ZDV�IRXQG�WR�EH�HIIHFWLYH�DW����ZHHNV�
EXW� QR� IXUWKHU� UHGXFWLRQ� ZDV� REVHUYHG� DW� ��� ZHHNV�
IROORZ�XS��+HPPHU�$��������DOVR�REVHUYHG� WKDW�DIWHU�
RQH-\HDU�+E$�&�UHGXFWLRQ�FDPH� WR�SODWHDX�DQG�RYHU�
SHULRG�RI���\HDUV�WKLV�UHVSRQVH�ZDV�PDLQWDLQHG�LQ�RQO\�
����RI�WKH�SDWLHQWV� 
%HUNRYLF� 0&� HW� DO��� IROORZHG� WKH� SDWLHQWV� ZLWK�
OLUDJOXWLGH�PRQRWKHUDS\�IRU����PRQWKV�DQG�FRQFOXGHG�
WKDW� VXVWDLQHG� UHGXFWLRQ� LQ� +E$�&� ZDV� REVHUYHG� LQ�
RQO\�����RI�WKH�FDVHV� 

)XMLVKLPD�<�HW�DO��� LQ�D�VWXG\�DW�-DSDQ�DOVR�REVHUYHG�
WKDW OLUDJOXWLGH�SURGXFHG�PHDQLQJIXO� ORQJ-WHUP�ZHLJKW�
ORVV� DQG� VLJQLILFDQWO\� LPSURYHG� HDWLQJ� EHKDYLRXUV� LQ�

REHVH�SDWLHQWV�ZLWK�W\SH���GLDEHWHV� 
:KHQ� FRPSDUHG� ZLWK� RUDO� DQWL-GLDEHWLFV� ZH� IRXQG�
VXVWDLQHG� UHGXFWLRQ� LQ�ZHLJKW� DQG�+E$�&�ERWK� DW� ���
DQG� ��� ZHHNV�� ,Q� 7KH� 6FDOH� WULDO� 'DYLHV� 0-� HW�
DO�� DOVR�REVHUYHG�WKDW��LQ�DGGLWLRQ�WR�FOLQLFDOO\�UHOHYDQW�
ZHLJKW� ORVV�� OLUDJOXWLGH� PD\� RIIHU� EHWWHU� JO\FHPLF�
FRQWURO� ZKLOH� UHGXFLQJ� GRVH� RI� RUDO� K\SRJO\FHPLF�
DJHQWV� DQG� PDLQWDLQLQJ� D� ORZ� ULVN� RI�
K\SRJO\FHPLD� � %ORQGH� HW� DO� LQ� /($'-�� WULDOV� KDYH�
GHPRQVWUDWHG� WKH� HIILFDF\� RI� OLUJOXWLGH� LQ� FRPELQDWLRQ�
WKHUDS\� ZLWK� XS� WR� WZR� RUDO� DQWL-GLDEHWLFV�� /LUDJOXWLGH�
SURYLGHG�+E$�F� UHGXFWLRQV�RI� XS� WR� �����DFURVV� WKH�
/($'��� WR� /($'��� WULDOV��0RUHRYHU� LPSURYHPHQWV� LQ�
EHWD� FHOO� IXQFWLRQ� ZDV� DOVR� QRWHG� ZLWK� ORZHU� ULVN� RI�
K\SRJO\FHPLD� DQG� LQ� FRQWUDVW� WR� PDQ\� RWKHU�
DQWLGLDEHWLF� WKHUDSLHV�� 5HGXFWLRQ� LQ� ZHLJKW� DQG��
V\VWROLFEORRG� SUHVVXUH� ZDV� DOVR� QRWHG���� *KRVDO� 6�
������� DQG� .DXU� 3� HW� DO��� FRQGXFWHG� VWXG\� LQ� ,QGLD�
DQG�IRXQG�VLPLODU�UHVXOWV� 
:KHQ� OLUDJOXWLGH� ZDV� DGGHG� WR� ORQJ� DFWLQJ� LQVXOLQ�
WKHUH�ZDV�VLJQLILFDQW�FKDQJH� LQ�ZHLJKW�DQG�+E$�&�DW�
���ZHHNV�EXW� QR� IXUWKHU� UHGXFWLRQ�DW� ���ZHHNV��7KLV�
REVHUYDWLRQ� ZDV� FRQWUDGLFWRU\� WR� RWKHU� VWXGLHV��-�����
7KLV�REVHUYDWLRQ�PLJKW�EHFDXVH�RI�VKRUWHU�IROORZ�XS�RI�
RXU� SDWLHQWV� DQG� XVH� RI� EDVDO� LQVXOLQ�� VLQFH� RWKHU�
VWXGLHV�XVHG�EDVDO-EROXV�FRPELQDWLRQ�KHQFH�DFKLHYHG�
EHWWHU�DQG�SURORQJ��JO\FHPLF�FRQWURO�EXW�DW�WKH�FRVW�RI�
PRUH� FKDQFHV� RI� K\SRJO\FHPLD� DV� FRPSDUHG� WR� RXU�
VWXGLHV�������VR�/L�&-�HW�DO���KDG�WR�GHFUHDVH�WKH�GRVH�
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RI� UHTXLUHG� LQVXOLQ�� WKHLU� REVHUYDWLRQ� ZDV� TXLWH�
IDVFLQDWLQJ� WKDW� DGGLQJ� OLUDJOXWLGH� WR� SDWLHQWV� DOUHDG\�
RQ�LQVXOLQ�WKHUDS\�HVSHFLDOO\�EDVDO�–EROXV�FRPELQDWLRQ�
WKHUDS\� UHTXLUH� OHVVHU� GRVH� RI� LQVXOLQ�� WKXV� IXUWKHU�
GHFUHDVH�WKH�FKDQFHV�RI�ZHLJKW�JDLQ� 

5HJDUGLQJ� VLGH� HIIHFWV� RI� OLUDJOXWLGH�� WKHUH� ZDV� QR�
HYHQW�RI�K\SRJO\FDHPLD� LQ�RXU�VWXG\��ZKLFK�PLJKW�EH�
EHFDXVH� RI� WKH� IDFW� WKDW� ZH� RQO\� XVHG� EDVDO� LQVXOLQ�
ZKLOH�RWKHU�VWXGLHV�XVHG�EDVDO-EROXV�FRPELQDWLRQ��KDG�
LQFUHDVHG� ULVN� RI� K\SRJO\FHPLD�������7KDW¶V� ZK\� WKLV�
LGHD�KDV�JLYHQ�ULVH�WR� IL[HG�GRVH�FRPELQDWLRQ�RI� ORQJ�
DFWLQJ�LQVXOLQ�GHJOXGHF�DQG�OLUDJOXWLGH� 
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/LUDJOXWLGH� LV� DQ� HIIHFWLYH� RSWLRQ� IRU� FRQWUROOLQJ� ERG\�
ZHLJKW� DQG� +E$�&� LQ� SDWLHQWV� ZLWK� VXE-RSWLPDO�
UHVSRQVH� WR� LQVXOLQ� WKHUDS\� DQG� RUDO� K\SRJO\FDHPLFV�
DV�FRPSDUHG�WR�PRQRWKHUDS\�ZLWK�OLUDJOXWLGH��,Q�IXWXUH��
VWXGLHV�DUH�UHTXLUHG�ZLWK�ORQJHU�IROORZ-XSV�WR�HVWDEOLVK�
ORQJ�WHUP�HIILFDF\�DQG�VLGH�HIIHFWV� 
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:H� DUH� WKDQNIXO� WR� 0U�� )DURRT� 5DQD� DQG� RWKHU�
PHPEHUV� RI� GDWD� FROOHFWLQJ� WHDP� ZKR� KHOSHG� LQ�
FRQGXFWLQJ�WKH�VWXG\� 

(WKLFDO� SHUPLVVLRQ�� -LQQDK� 0HGLFDO� &ROOHJH�
+RVSLWDO�.DUDFKL�OHWWHU�1R��-0&�(5&������������GDWHG�
��-��-����� 

&RQIOLFW�RI� ,QWHUHVW��7KH�DXWKRUV�KDG�QR�FRQIOLFW�RI�
LQWHUHVW� ZLWK� DQ\� SHUVRQ�� FRPPXQLW\� RU� EXVLQHVV�
UHODWHG�WR�WKLV�VWXG\� 

)XQGLQJ��)XQGLQJ�IRU�GDWD�FROOHFWLRQ��DQDO\VLV�DQG�
SXEOLFDWLRQ�ZHUH�DOO�VXSSRUWHG�E\�DXWKRUV� 
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.XPDU�$� &RQFHSW��LGHD��VWXG\�GHVLJQ� 

.XPDU�'�� &RQFHSW��VWXG\�SURWRFRO 
5D]]DTXH�6�� 'DWD�DQDO\VLV��PDQXVFULSW�ZULWLQJ 
.XPDU�$�� 'DWD�FROOHFWLRQ��GDWD�DQDO\VLV 
.XPDU�5�� 'DWD�FROOHFWLRQ� 
*KDXUL�0,�� (GLWLQJ��RYHUDOO�VXSHUYLVLRQ� 
<DVHHQ�0�� +HOS�LQ�GDWD�FROOHFWLRQ��DQDO\VLV��
UHIHUHQFLQJ� 
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�� 7XUQHU� 5&�� &XOO� &$�� )ULJKL� 9�� +ROPDQ� 55��
*O\FHPLF� FRQWURO� ZLWK� GLHW�� VXOIRQ\OXUHD��
PHWIRUPLQ�� RU� LQVXOLQ� LQ� SDWLHQWV� ZLWK� W\SH� ��
GLDEHWHV� PHOOLWXV�� SURJUHVVLYH� UHTXLUHPHQW� IRU�
PXOWLSOH� WKHUDSLHV� �8.3'6� ����� 8.� 3URVSHFWLYH�
'LDEHWHV� 6WXG\� �8.3'6�� *URXS�� -$0$�� ������
�������������-����GRL����������MDPD������������� 

�� &RXUWQH\� +� 1D\DU� 5� 5DMHVZDUDQ� &� -DQGK\DOD�
5�� /RQJ-WHUP PDQDJHPHQW RI W\SH� ��
GLDEHWHV ZLWK JOXFDJRQ-OLNH SHSWLGH-
� UHFHSWRU DJRQLVWV�� 'LDEHWHV� 0HWDE� 6\QGU�
2EHV� ������ ���� ��-���� GRL�� ��������'062��
6������� 

�� ,Q]XFFKL� 6(�� %HUJHQVWDO� 50�� %XVH� -%�� 'LDPDQW�
0��)HUUDQQLQL�(��1DXFN�0��HW� DO� 0DQDJHPHQW�RI�
K\SHUJO\FHPLD�LQ�W\SH���GLDEHWHV��������D�SDWLHQW�
-� FHQWHUHG� DSSURDFK�� XSGDWH� WR� D� SRVLWLRQ�
VWDWHPHQW� RI� WKH� $PHULFDQ� 'LDEHWHV� $VVRFLDWLRQ�
DQG� WKH� (XURSHDQ� $VVRFLDWLRQ� IRU� WKH� 6WXG\� RI�
'LDEHWHV� 'LDEHWHV� &DUH� ������ ������� ���-��� 
GRL����������GF��-����� 

�� +WLNH� ==� =DFFDUGL� )� 3DSDPDUJDULWLV� '� :HEE�
'5� .KXQWL� .��(IILFDF\� DQG� VDIHW\� RI JOXFDJRQ-
OLNH SHSWLGH-��UHFHSWRU�DJRQLVWV�LQ W\SH ��GLDEHWHV��
$� V\VWHPDWLF� UHYLHZ� DQG� PL[HG-WUHDWPHQW�
FRPSDULVRQ� DQDO\VLV�� 'LDEHWHV� 2EHV�
0HWDE� ����������������-����GRL����������GRP����
���� 

�� 7DKUDQL�$$��%DUQHWW�$+��%DLOH\�&-��3KDUPDFRORJ\�
DQG� WKHUDSHXWLF� LPSOLFDWLRQV� RI� FXUUHQW� GUXJV� IRU�
W\SH� �� GLDEHWHV� PHOOLWXV� 1DW� 5HY�
(QGRFULQRO� ������ �������� ���-���� GRL�� ��������
QUHQGR��������� 

�� *DUEHU� $�� +HQU\� 5�� 5DWQHU� 5�� +HUQDQGH]�
3$� 3DWW]L�+5� $OYDUH]�,2� HW�DO��/LUDJOXWLGH�YHUVXV�
JOLPHSLULGH� PRQRWKHUDS\� IRU� W\SH� �� GLDEHWHV�
�/($'-�� 0RQR��� D� UDQGRPLVHG�� ��-ZHHN�� SKDVH�
,,,�� GRXEOH-EOLQG�� SDUDOOHO-WUHDWPHQW�
WULDO� /DQFHW� ������ ����������� ���-����
GRL����������6����-�������������-�� 

�� 0DUUH� 0�� 6KDZ� -�� %UlQGOH� 0�� %HEDNDU�
0:� .DPDUXGGLQ�1$� 6WUDQG�-��HW�DO��/LUDJOXWLGH��
D�RQFH-GDLO\�KXPDQ�*/3-��DQDORJXH��DGGHG� WR�D�
VXOSKRQ\OXUHD� RYHU� �� ZHHNV� SURGXFHV� JUHDWHU�
LPSURYHPHQWV� LQ� JO\FDHPLF� DQG� ZHLJKW� FRQWURO�
FRPSDUHG�ZLWK�DGGLQJ�URVLJOLWD]RQH�RU�SODFHER� LQ�
VXEMHFWV� ZLWK� 7\SH� �� GLDEHWHV� �/($'-��
68�� 'LDEHW�0HG� ����������������-���� 

�� 1DXFN� 0�� )ULG� $�� +HUPDQVHQ� .�� 6KDK�
16� 7DQNRYD7� 0LWKD�,+� HW�DO��(IILFDF\�DQG�VDIHW\�
FRPSDULVRQ� RI� OLUDJOXWLGH�� JOLPHSLULGH�� DQG�
SODFHER��DOO�LQ�FRPELQDWLRQ�ZLWK�PHWIRUPLQ��LQ�W\SH�
��GLDEHWHV��WKH�/($'��OLUDJOXWLGH�HIIHFW�DQG�DFWLRQ�
LQ�GLDEHWHV�-��VWXG\� 'LDEHWHV�&DUH� �������������
��-����GRL����������GF��-������ 

�� =LQPDQ�%��*HULFK�-��%XVH�-%��/HZLQ�$��6FKZDUW]�
6�� 5DVNLQ� 3�� HW� DO�� (IILFDF\� DQG� VDIHW\� RI� WKH�
KXPDQ� */3-�� DQDORJOLUDJOXWLGH� LQ� FRPELQDWLRQ�
ZLWK� PHWIRUPLQ� DQG� 7='� LQ� SDWLHQWV� ZLWK� W\SH� ��

/LUDJOXWLGH��$�1HZ�+RSH�IRU�2EHVH�'LDEHWLFV 
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GLDEHWHV� PHOOLWXV� �/($'-�� 0HWௗ�ௗ7='�� 'LDEHWHV�
&DUH� ������ ������� ����-���� GRL�� ��������GF��-
������ 

��� 5XVVHOO--RQHV� '�� 9DDJ� $�� 6FKPLW]� 2�� 6HWKL� %.��
/DOLF� 1�� $QWLF� 6� HW� DO�� /LUDJOXWLGH� YV� LQVXOLQ�
JODUJLQH� DQG� SODFHER� LQ� FRPELQDWLRQ� ZLWK�
PHWIRUPLQ� DQG� VXOIRQ\OXUHD� WKHUDS\� LQ� W\SH� ��
GLDEHWHV� PHOOLWXV� �/($'-�� PHWௗ�ௗ68��� D�
UDQGRPLVHG�FRQWUROOHG�WULDO� 'LDEHWRORJLD� ��������
����������–����GRL����������V�����-���-����-\�� 

��� %XVH� -�� 5RVHQVWRFN� -�� 6HVWL� *�� 6FKPLGW� :(��
0RQWDQ\D�(��%UHWW�-+�HW�DO��/LUDJOXWLGH�RQFH�D�GD\�
YHUVXV�H[HQDWLGH�WZLFH�D�GD\�IRU�W\SH���GLDEHWHV��
D� ��-ZHHN� UDQGRPL]HG�� SDUDOOHO-JURXS��
PXOWLQDWLRQDO�� RSHQ-ODEHO� WULDO� �/($'-
��� /DQFHW� ������ ����������� ��-���� GRL����������
6����-�������������-�� 

��� 0DUVR� 63�� 'DQLHOV� *+�� %URZQ-)UDQGVHQ� .��
.ULVWHQVHQ� 3�� 0DQQ� -)�� 1DXFN� 0$� HW� DO��
/LUDJOXWLGH�DQG�FDUGLRYDVFXODU�RXWFRPHV�LQ�W\SH���
GLDEHWHV� 1�(QJO� -�0HG� ������ �������� ���–�����
GRL����������1(-0RD�������� 

��� *HQWLOHOOD� 5�� 3HFKWQHU� 9�� &RUFRV� $�� &RQVROL� $��
*OXFDJRQ-OLNH�SHSWLGH-�� UHFHSWRU�DJRQLVWV� LQ� W\SH�
�� GLDEHWHV� WUHDWPHQW�� DUH� WKH\� DOO� WKH� VDPH"�
'LDEHWHV� 0HWDE� 5HV� 5HY�� ������ ������� H������ 
GRL����������GPUU������ 

��� $PHULFDQ�'LDEHWLF�$VVRFLDWLRQ��6WDQGDUGV�RI�FDUH�
LQ�GLDEHWHV� 'LDEHWHV�&DUH� ���������6XSSOHPHQW�
����6��–6����'RL���������GF��-6���� 

��� +HPPHU $� 0DLWHU� '� %X\VVFKDHUW� 0� 3UHXPRQW�
9��/RQJ-WHUP�HIIHFWV�RI�*/3-��UHFHSWRU�DJRQLVWV�LQ�
W\SH� �� GLDEHWLF� SDWLHQWV�� $� UHWURVSHFWLYH� UHDO-OLIH�
VWXG\� LQ� ���� SDWLHQWV�� 'LDEHWHV� 0HWDE�
6\QGU� ������ ������� ���-��� GRL�� ��������M�GV[��
������������ 

��� %HUNRYLF 0&� %LOLF-&XUFLF� ,� +HUPDQ� 0DKHFLF�
'� *UDGLVHU�0� *UJXUHYLF�0� %R]HN�7��/RQJ-7HUP�
(IIHFWLYHQHVV� RI /LUDJOXWLGH LQ� $VVRFLDWLRQ� ZLWK�
3DWLHQWV
� %DVHOLQH� &KDUDFWHULVWLFV� LQ� 5HDO-/LIH�
6HWWLQJ� LQ� &URDWLD�� $Q� 2EVHUYDWLRQDO��
5HWURVSHFWLYH�� 0XOWLFHQWHU� 6WXG\�� 'LDEHWHV�
7KHU� ����������������-������GRL����������V�����
-���-����-[�� 

��� )XMLVKLPD� <� 0DHGD� 1� ,QRXH� .� .DVKLQH�
6� 1LVKL]DZD�+� +LUDWD�$��(IILFDF\�RI OLUDJOXWLGH��D�
JOXFDJRQ-OLNH� SHSWLGH-�� �*/3-��� DQDORJXH�� RQ�
ERG\ ZHLJKW�� HDWLQJ� EHKDYLRU�� DQG� JO\FHPLF�
FRQWURO�� LQ� -DSDQHVH� REHVH� W\SH� �� GLDEHWHV��
&DUGLRYDVF�'LDEHWRO� ���������������GRL�����������
����-����-��-���� 

��� 'DYLHV� 0-�� %HUJHQVWDO� 5�� %RGH� %�� .XVKQHU� 5)��

/HZLQ� $�� 6NMRWK� 79�� HW� DO�� (IILFDF\� RI� /LUDJOXWLGH�
IRU� :HLJKW� /RVV� $PRQJ� 3DWLHQWV� :LWK� 7\SH� ��
'LDEHWHV�� 7KH� 6&$/(� 'LDEHWHV� 5DQGRPL]HG�
&OLQLFDO� 7ULDO�� -$0$� ������ �������� ���-����
GRL���������MDPD����������� 

��� %ORQGH� /�� 5XVVHOO--RQHV� '�� 7KH� VDIHW\� DQG�
HIILFDF\� RI� OLUDJOXWLGH� ZLWK� RU� ZLWKRXW� RUDO�
DQWLGLDEHWLF� GUXJ� WKHUDS\� LQ� W\SH� �� GLDEHWHV�� DQ�
RYHUYLHZ�RI�WKH�/($'��-��VWXGLHV��'LDEHWHV�2EHV�
0HWDE�� ������ ���6XSSO� ���� ��-���� GRL�� ��������
M�����-����������������[� 

��� *KRVDO� 6� 6LQKD� %�� /LUDJOXWLGH DQG� 'XODJOXWLGH�
WKHUDS\� LQ� DGGLWLRQ� WR� 6*/7-�� LQKLELWRU� DQG�
PHWIRUPLQ� WUHDWPHQW� LQ� ,QGLDQ� W\SH� �� GLDEHWLFV�� D�
UHDO� ZRUOG� UHWURVSHFWLYH� REVHUYDWLRQDO� VWXG\�� &OLQ�
'LDEHWHV� (QGRFULQRO� ������ ��� ���� GRL�� ��������
V�����-���-����-��� 

��� .DXU�3� 0LVKUD�6.� 0LWKDO�$� 6D[HQD�0� 0DNNDU�
$� 6KDUPD� 3�� &OLQLFDO� H[SHULHQFH�
ZLWK /LUDJOXWLGH LQ� ���� SDWLHQWV� ZLWK� W\SH� ��
GLDEHWHV�IURP�D�WHUWLDU\�FDUH�FHQWHU�LQ ,QGLD��,QGLDQ�
-� (QGRFULQRO� 0HWDE� ������ ������� ��-���� GRL��
������������-������������ 

��� 6HLQR�<� .DQHNR�6� )XNXGD�6� 2VRQRL�7� 6KLUDLZD�
7� 1LVKLMLPD� .�� HW� DO�� &RPELQDWLRQ� WKHUDS\�
ZLWK OLUDJOXWLGH DQG LQVXOLQ LQ� -DSDQHVH� SDWLHQWV�
ZLWK� W\SH� �� GLDEHWHV�� $� ��-ZHHN�� UDQGRPL]HG��
GRXEOH-EOLQG�� SDUDOOHO-JURXS� WULDO�� -� 'LDEHWHV�
,QYHVWLJ� ������ ������ ���-���� GRL�� ��������MGL��
������ 

��� 3ROGHUPDQ� 9DQ� 6WHHQ� 6&-� 7KLHO� %� *RGIULHG�
0%� +RXZHOLQJ� 3/� +ROOPDQQ� 0:�� HW� DO�� 3HUL-
RSHUDWLYH� PDQDJHPHQW� RI� SDWLHQWV� ZLWK� W\SH-��
GLDEHWHV�PHOOLWXV�XQGHUJRLQJ�QRQ-FDUGLDF�VXUJHU\�
XVLQJ OLUDJOXWLGH�� JOXFRVH-LQVXOLQ-SRWDVVLXP�
LQIXVLRQ� RU� LQWUDYHQRXV LQVXOLQ EROXV� UHJLPHQV�� D�
UDQGRPLVHG�FRQWUROOHG�WULDO��$QDHVWKHVLD� ��������
��������-���GRL����������DQDH������� 

��� $KPDQQ�$� 5RGEDUG�+:� 5RVHQVWRFN� -� /DKWHOD�
-7� GH� /RUHGR� /� 7RUQRH� .�� HW� DO� (IILFDF\� DQG�
VDIHW\� RI OLUDJOXWLGH YHUVXV� SODFHER� DGGHG� WR�
EDVDO LQVXOLQ DQDORJXHV� �ZLWK� RU� ZLWKRXW�
PHWIRUPLQ�� LQ� SDWLHQWV� ZLWK� W\SH� �� GLDEHWHV�� D�
UDQGRPL]HG�� SODFHER-FRQWUROOHG� WULDO�� 'LDEHWHV�
2EHV�0HWDE� ������������������-����GRL����������
GRP������� 

��� $KUpQ�%� +LUVFK�,%� 3LHEHU�75� 0DWKLHX�&� *yPH]
-3HUDOWD�)� +DQVHQ�7.��HW�DO��(IILFDF\�DQG�6DIHW\�
RI /LUDJOXWLGH $GGHG�WR�&DSSHG ,QVXOLQ 7UHDWPHQW�
LQ�6XEMHFWV�ZLWK�7\SH���'LDEHWHV��7KH�$'-81&7�
7:2�5DQGRPL]HG�7ULDO��'LDEHWHV�&DUH� ��������
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��� /L�&-� /L�-� =KDQJ�40� /Y�/� &KHQ�5� /Y�&)��HW�DO��
(IILFDF\� DQG� VDIHW\� FRPSDULVRQ�
EHWZHHQ OLUDJOXWLGH DV� DGG-RQ� WKHUDS\� WR� LQVXOLQ�
DQG� LQVXOLQ� GRVH-LQFUHDVH� LQ� &KLQHVH� VXEMHFWV�
ZLWK� SRRUO\� FRQWUROOHG� W\SH� �� GLDEHWHV� DQG�
DEGRPLQDO�REHVLW\��&DUGLRYDVF�'LDEHWRO� ����������
�����GRL��������������-����-��-���� 

��� .DQHNR� 6� 1LVKLMLPD� .� %RVFK-7UDEHUJ� +� .DNX�
.� 6HLQR� <�� (IILFDF\� DQG� VDIHW\� RI�
DGGLQJ OLUDJOXWLGH WR� H[LVWLQJ LQVXOLQ UHJLPHQV� LQ�
-DSDQHVH�SDWLHQWV�ZLWK�W\SH ��GLDEHWHV�PHOOLWXV��$�
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