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2%-(&7,9(�� 7R�PHDVXUH� VHUXP� WHVWRVWHURQH� OHYHOV� LQ� W\SH-,,� GLDEHWHV�PHOOLWXV�PDOH� VXEMHFWV� DQG� WR�
FRUUHODWH� LWV� DVVRFLDWLRQ� ZLWK� EORRG� JO\FDWHG� KDHPRJORELQ� $�� �+E$�&�� OHYHOV� DQG� -� GXUDWLRQ� RI� WKH�
GLVHDVH� 
0(7+2'2/2*<�� 7KLV� FURVV� VHFWLRQDO� VWXG\� ZDV� FDUULHG� RXW� DW� %LRFKHPLVWU\� GHSDUWPHQW�� /80+6��
-DPVKRUR��IURP�'HFHPEHU������WR�0D\�������2QH�KXQGUHG�PDOH�VXEMHFWV�LQFOXGLQJ����'0�SDWLHQWV�DQG�
��� DJH�PDWFKHG�ZLWK�QR� IDPLO\�KLVWRU\�RI�'0��ZHUH� HQUROOHG�E\�SXUSRVLYH�VDPSOLQJ� WHFKQLTXH��6WXG\�
SRSXODWLRQ� H[FOXGHG� WKRVH� SDWLHQWV� GLDJQRVHG� DV� GLDEHWLF� HUHFWLOH�G\VIXQFWLRQ�� GLDEHWLF�QHSKURSDWK\��
GLDEHWLF� UHQDO� IDLOXUH�� PHWIRUPLQ� WKHUDS\�� IDPLOLDO� G\VOLSLGHPLD�� DQG� K\SHUFKROHVWHUROHPLD�� 6HUXP�
WHVWRVWHURQH� �(/,6$� DVVD\�� DQG�ZKROH� EORRG�+E$�&� OHYHOV� �7,1,$� DVVD\��ZHUH�PHDVXUHG� E\� VWDQGDUG�
ODERUDWRU\� PHWKRGV� XVLQJ� +LWDFKL� 5RFKH� 'LDJQRVWLF� &KHPLVWU\� $QDO\]HU�� 7KH� REWDLQHG� UHVXOWV� ZHUH�
DQDO\VHG�E\�6366�YHUVLRQ������,%0��,QFRUSRUDWLRQ��DQG�86$��DQG�LV�UHSRUWHG�DV�0HDQ��6'��7KH�S��������
ZDV�FRQVLGHUHG�WR�LQGLFDWH�VWDWLVWLFDO�VLJQLILFDQFH�� 
5(68/76��7KH�DJHV�RI�GLDEHWHV�PHOOLWXV�SDWLHQWV�DQG�FRQWURO�VXEMHFWV�ZHUH�������������DQG�������������
\HDUV�UHVSHFWLYHO\��6HUXP�WHVWRVWHURQH�OHYHOV�ZHUH�REVHUYHG�WR�EH�PRUH�VLJQLILFDQW��S��������LQ�FRQWURO�
VXEMHFWV� �����������PJ� �G/�� DQG� LWV� OHYHOV�GHFUHDVHG� LQ�GLDEHWHV�PHOOLWXV� SDWLHQWV� �����������PJ� �G/���
6LPLODUO\��+E$�&�OHYHOV�ZHUH�VLJQLILFDQWO\�KLJKHU��S��������� LQ�GLDEHWLF�VXEMHFWV�DV�FRPSDUHG�WR�FRQWURO�
VXEMHFWV������������YV��������������7HVWRVWHURQH�OHYHOV�VKRZHG�QHJDWLYH�FRUUHODWLRQ�ZLWK�EORRG�+E$�&�
OHYHOV�DQG�SRVLWLYH�ZLWK�GXUDWLRQ�RI�GLVHDVH� 
&21&/86,21�� ,Q� W\SH� �� GLDEHWLF� PDOH� SDWLHQWV� VHUXP� WHVWRVWHURQH� OHYHOV� GHPRQVWUDWHG� QHJDWLYH�
FRUUHODWLRQ�ZLWK�EORRG�+E$�&�OHYHOV�DQG�SRVLWLYH�ZLWK�GXUDWLRQ�RI�'0� 

.(<:25'6��6HUXP�WHVWRVWHURQH��7\SH���GLDEHWHV�PHOOLWXV��*O\FDWHG�+E$�&� 

,1752'8&7,21 
'LDEHWHV� 0HOOLWXV� �'0�� LV� VLJQLILFDQW� FDXVH� RI�
PRUELGLW\� DQG� PRUWDOLW\��� ,Q� WKH� ZRUOG� DSSUR[LPDWHO\�
���� PLOOLRQ� SHRSOH� DUH� DIIHFWHG� E\� '0� DQG�
K\SRWKHVL]HG�WKDW�LQ������LWV�SUHYDOHQFH�ZLOO�ULVH�XS�WR�
���� PLOOLRQ��� ,W� FRQVLGHUHG� WKDW� LQ� PRVW� GHYHORSHG�
FRXQWULHV��'0� LV� WKH��WK�OHDGLQJ�FDXVH�RI�GHDWK���:LWK�
WKH� EXUGHQ� RI� 'LDEHWHV�� 3DNLVWDQ� LV� DW� VHYHQWK�
SRVLWLRQ� DQG� LW� LV� HVWLPDWHG� WKDW� LI� WKLV� VLWXDWLRQ� LV�
FRQWLQXLQJ� LW� ZLOO� PRYH� WR� WKH� IRXUWK� SRVLWLRQ���
)RUWXQDWHO\�� WKHUDSHXWLF� UHJLPHQV� LPSURYHPHQW� DQG�
HDUO\� GLDJQRVLV� SHUPLW� GLDEHWLF� SDWLHQWV� WR� VSHQG�
KHDOWK\�OLYHV��&OLQLFDO�ELRFKHPLVWU\�SOD\V�D�FUXFLDO�UROH�
LQ� PRQLWRULQJ�� GLDJQRVLV� DQG� WUHDWPHQW� RI� GLDEHWHV��
*O\FHPLF� FRQWURO�� WKH� URXWLQH� PHDVXUHPHQW� RI�
JO\FRV\ODWHG� KDHPRJORELQ� �+E$�F��� LV� JHQHUDOO\�
UHFRPPHQGHG� WR� OLPLW� HQG� RUJDQ� GDPDJH� LQFOXGLQJ�
LQFUHDVH� LQ� EORRG� FKROHVWHURO� DQG� GHFUHDVH� LQ� VHUXP�
WHVWRVWHURQH� OHYHOV� DQG� PRUWDOLW\�-��� 5HVHDUFKHUV�
UHYHDOHG�WKH�PHWDEROLF�HIIHFW�RI�WHVWRVWHURQH�UHGXFWLRQ�
ZLWK� DJH-DVVRFLDWHG� PHWDEROLF� FKDQJHV� VXFK� DV�
PDUNHUV� RI� SUH-GLDEHWHV�� GLDEHWHV� DQG�
DEGRPLQDOREHVLW\�-���� ,Q� ������ (QGRFULQH� 6RFLHW\
V�

&OLQLFDO� 3UDFWLFH� *XLGHOLQH� ZDV� UHFRUGHG� WKH� ORZ�
VHUXP�WHVWRVWHURQH�OHYHO� LQ�SDWLHQWV�LQ�DGYDQFHG�W\SH�
��GLDEHWHV��7KH�SUHYDOHQFH�UDWH�RI�VDLG�FRQGLWLRQ�ZDV�
KLJK� DQG� LW� ZDV� LQYHVWLJDWHG� LQ� WKH� SHUVSHFWLYH� RI�
DQGURJHQ� GHILFLHQF\� V\QGURPH� LQ� DGXOW� PHQ�� 7KH�
(QGRFULQH� VRFLHW\� UHFRPPHQGV� WKH� SURSHU�
PHDVXUHPHQW�RI�PRUQLQJ�VHUXP�WRWDO� WHVWRVWHURQH�IRU�
WKRVH� SDWLHQWV� DOUHDG\� VXIIHUHG� ZLWK� W\SH� �� GLDEHWHV�
PHOOLWXV� �7�'0��DQG�KDYLQJ� WKH�SURPLQHQW�V\PSWRPV�
RI�VH[XDO�G\VIXQFWLRQ��ZHDNQHVV�RU�ZHLJKW�ORVV����7KLV�
VWXG\�ZLOO�KHOS�WR�LPSURYH�WKH�IHUWLOLW\�VWDWXV�RI�SDWLHQWV�
KDYLQJ�W\SH-,,�GLDEHWLFV�PHOOLWXV� 

0(7+2'2/2*< 

7KLV� FURVV� VHFWLRQDO� VWXG\� ZDV� FRQGXFWHG� DW� WKH�
%LRFKHPLVWU\�'HSDUWPHQW�� /LDTXDW�8QLYHUVLW\�+RVSLWDO�
-DPVKRUR� IURP� 'HFHPEHU� ����� WR� 0D\� ������ 2QH�
KXQGUHG� VXEMHFWV� �Q ����� ZHUH� GLVWULEXWHG� LQ� WZR�
JURXSV�� *URXS� $� �Q ����� 'LDJQRVHG� W\SH� �� 'LDEHWLF�
SDWLHQWV� �&DVH��� *URXS� %� �Q ����� 1RQ-'LDEHWLFV� DQG�
KHDOWK\� QRUPDO� VXEMHFWV� �&RQWURO��� 6WXG\� SRSXODWLRQ�
LQFOXGHG� GLDJQRVHG� 7�'0� SDWLHQWV� ZLWK� DJH� ��-���
\HDUV� DQG� H[FOXGHG� WKRVH� SDWLHQWV� GLDJQRVHG� DV�
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GLDEHWLF� HUHFWLOH� G\VIXQFWLRQ�� GLDEHWLF� QHSKURSDWK\��
GLDEHWLF� UHQDO� IDLOXUH�� PHWIRUPLQ� WKHUDS\�� IDPLOLDO�
G\VOLSLGHPLD��DQG�K\SHUFKROHVWHUROHPLD� 
5HVHDUFK� ELDV� ZDV� RYHUFRPH� E\� VHOHFWLQJ� WKH� VWXG\�
SRSXODWLRQ� DFFRUGLQJ� WR� RI� LQFOXVLRQ� DQG� H[FOXVLRQ�
FULWHULD�� 'LDJQRVHG� FDVHV� RI� 7�'0� �GHILQHG� DV� SHU�
$PHULFDQ�'LDEHWHV� $VVRFLDWLRQ� FULWHULD�� ZLWK� DJH� ��-
��� \HDUV�� 'LDEHWLF� HUHFWLOH� G\VIXQFWLRQ�� 'LDEHWLF�
QHSKURSDWK\�� 'LDEHWLF� 5HQDO� IDLOXUH�� 0HWIRUPLQ�
WKHUDS\�� )DPLOLDO� G\VOLSLGHPLD�� K\SHUFKROHVWHUROHPLD��
HWF��ZHUH�H[FOXGHG�IURP�WKH�VWXG\��'LVSRVDEOH�V\ULQJH�
�%'��86$��ZDV�XVHG� IRU� YHLQ�SULFN� WR� FROOHFW� ��PO� RI�
YHQRXV� EORRG�� ���PO�ZDV� VKLIWHG� WR� ('7$� FRQWDLQLQJ�
JODVV� WXEH� IRU� +E$�F� HVWLPDWLRQ�� UHPDLQLQJ� ZDV�
FHQWULIXJHG�DW������USP�����PLQXWHV��WR�JHW�WKH�VHUD��
7KH�VHUD�ZHUH�XVHG�IRU�WKH�%LRFKHPLFDO�DQDO\VLV�DQG�
WKH� $QDO\VLV� RI� SDUDPHWHUV� SHUIRUPHG� RQ� 5RFKH��
+LWDFKL� FKHPLVWU\� DQDO\VHU� DW� WKH� 5HVHDUFK� DQG�
'LDJQRVWLF� /DERUDWRU\�� /LDTXDW� 8QLYHUVLW\� +RVSLWDO�
-DPVKRUR�+\GHUDEDG��5HDGLQJV�RI�7HVWRVWHURQH�ZHUH�
UHFRUGHG� DW� ���QP� RQ� VSHFWURSKRWRPHWHU� IRU� DOO�
VDPSOHV�� 7KH�+E$�F�ZDV� HVWLPDWHG� IURP� WKH� FORWWHG�
%ORRG�� 7KH� FORWWHG� %ORRG� ZDV� DQDO\VHG� RQ� WKH�
&KHPLVWU\� DQDO\VHU� +LWDFKL�� 5RFKH�� &REDV� V\VWHPV�
������ EDVHG� RQ� WKH� WXUELG� PHWULF� LQKLELWLRQ�
LPPXQRDVVD\� IRU� WKH� +DHPRO\VHG� ZKROH� EORRG��
&RQVHQW� IRUP� ZDV� SULQWHG� LQ� WULOLQJXDO� IRUPDW�� $�
YROXQWHHU�ZDV�HOLJLEOH�WR�HQWHU�LQ�WKH�UHVHDUFK�SURWRFRO�
RQFH�KH�VLJQHG�WKH�FRQVHQW� IRUP�RU�E\�KLV� OHJDO�KHLU��
'DWD�DQDO\VLV�LQFOXGLQJ�SDLUHG�DQG�FRUUHODWLRQ�DQDO\VLV�
ZHUH� FRPSXWHG� XVLQJ� 6366� VRIWZDUH� YHUVLRQ� �����
�,%0�� ,QFRUSRUDWLRQ��DQG�86$�� IRU�ZLQGRZV��3DLUHG� W-
WHVW� ZDV� XVHG� WR� GHWHUPLQH� WKH� VLJQLILFDQFH� RI�
FKDQJHV�� 3-YDOXH� ������ ZDV� FRQVLGHUHG� WR� LQGLFDWH�
VWDWLVWLFDO�VLJQLILFDQFH� 

5(68/76 

7RWDO� ���� PDOH� VXEMHFWV� ZLWK� DJH� EHWZHHQ� ��-���
\HDUV�ZHUH�HYDOXDWHG� WR� ILQG�FRUUHODWLRQ� �$VVRFLDWLRQ��
RI� JO\FDWHG� KDHPRJORELQ� ZLWK� VHUXP� FKROHVWHURO� DQG�
WHVWRVWHURQH� OHYHOV� LQ�7�'0�SDWLHQWV��7KH�PHDQ� DJH�
RI�VWXG\�VXEMHFWV�RI�*URXS�$�ZDV������������� \HDUV�
ZLWK�UDQJH������-����\HDUV��7KH�PHDQ�DJH�RI�*URXS�%�
VXEMHFWV�ZDV�������������\HDUV�ZLWK�UDQJH������-����
\HDUV�� 7KH� PHDQ� DJH� GLVWULEXWLRQ� RI� *URXS� $� DQG�
*URXS� %� LV� SUHVHQWHG� LQ� *UDSK� ,�� 7KH� GHWDLOHG�
GHVFULSWLYH� VWDWLVWLFV� RI� DJH� RI� ERWK� JURXSV� DUH�
SUHVHQWHG�LQ�7DEOH�,��7KH�PHDQ�JO\FDWHG�KDHPRJORELQ�
�+E$�&��RI�VWXG\�VXEMHFWV�RI�*URXS�$�ZDV�����������
ZKLOH� WKH�PHDQ�+E$�&� RI� VWXG\� VXEMHFWV� RI�*URXS�%�
ZDV� �������������� 7KH�PHDQ� VHUXP� WHVWRVWHURQH� RI�
VWXG\�VXEMHFWV�RI�*URXS�$�ZDV�����������PJ�G/�ZKLOH�
WKH� PHDQ� VHUXP� WHVWRVWHURQH� RI� VWXG\� VXEMHFWV� RI�
*URXS�%�ZDV�����������PJ�G/�� 
7KH� GHWDLOHG� GHVFULSWLYH� VWDWLVWLFV� RI� +E$�&DQG�
WHVWRVWHURQH�RI�ERWK�JURXSV�DUH�SUHVHQWHG�LQ�7DEOH-,,��
:KLOH� WKH� &RPSDULVRQ� RI� VHUXP� +E$�F� LV� LQ� ERWK�
*URXSV� $� DQG� %� LV� VKRZQ� LQ� *UDSK� ,,�� 6WUDWLILFDWLRQ�

ZLWK� UHVSHFW� WR� GLDEHWHV� DQG� KLJKHU� OHYHOV� RI� +E$�F�
ZDV�GRQH�WR�REVHUYH�HIIHFW�RI�WKHVH�PRGLILHUV�ZLWK�ORZ�
VHUXP� WHVWRVWHURQH� OHYHOV�� 7KHVH� UHVXOWV� H[KLELWHG�
WKDW� WKHUH�ZDV�D� VLJQLILFDQW� DVVRFLDWLRQ� RI� ORZ�VHUXP�
WHVWRVWHURQH� OHYHO� ZLWK� GLDEHWHV� �S������� DQG�+E$�F�
�S�������� DQG� LW� KDV� DOVR� EHHQ� GHVFULEHG� ZLWK� WKH�
GXUDWLRQ�RI�'LDEHWHV�0HOOLWXV�W\SH����,W�VKRZHG�WKDW�DV�
WKH� GXUDWLRQ� RI� 7\SH� �� GLDEHWHV� PHOOLWXV� LQFUHDVHV�
WKHUH� LV� VLJQLILFDQWO\� UHGXFWLRQ� LQ� VHUXP� WHVWRVWHURQH�
OHYHOV� 
6FDWWHU� SORWV� VKRZ� WKH� FRUUHODWLRQ� RI� +E$�F� ZLWK�
VHUXP�WHVWRVWHURQH�DQG�GXUDWLRQ�RI�GLDEHWHV�PHOOLWXV��
�6FDWWHU� SORW� ,�� VKRZV� WKH� SRVLWLYH� FRUUHODWLRQ�
�$VVRFLDWLRQ�� RI� +E$�F� DQG� GXUDWLRQ� RI� '0�� DV� WKH�
GXUDWLRQ� RI� '0� LQFUHDVHV� VR� DQ� LQFUHDVH� LQ� �� RI�
+E$�F� QRWHG� �6FDWWHU� SORW� ,� 	� ,,��� ,QWHUSRODWLRQ� FXUYH�
VKRZV�WKH�QHJDWLYH�FRUUHODWLRQ��DVVRFLDWLRQ��RI�VHUXP�
WHVWRVWHURQH� GXUDWLRQ� RI� GLVHDVH� LQ� GLDEHWLF�
SRSXODWLRQ� 

7$%/(�,��$*(�',675,7%87,21�2)�7+(�',$%(7,&�
$1'�121',$%(7,&�*52836��Q ���� 

6WXGHQW� W-WHVW� ZDV� DSSOLHG� IRU� VWDWLVWLFDO� DQDO\VLV� RI�
DJH�DQG�6366�RXWSXW�ZDV�SUHVHQWHG�DV�PHDQ�6'��3�
YDOXH� ����� VKRZV� WKDW� WKH� WZR� VWXG\� JURXSV� DUH� DJH�
PDWFKHG� 
*5$3+�,��&203$5,621�2)�$*(��<($56��
%(7:((1�',$%(7,&�$1'�121�',$%(7,&�
*52836��Q� ����� 

*5$3+�,,���&203$5,621�2)�6(580�+E$�&�
/(9(/�%(7:((1�',$%(7,&�$1'�121',$%(7,&�
*52836��Q� ����� 

7HVWRVWHURQH�/HYHOV�LQ�0DOH�7\SH-,,�'LDEHWLF�3DWLHQWV 

�� 

9DULDEOH 
*URXS�$ 
�'LDEHWLF� 
�Q ��� 

*URXS�% 
�1RQ-GLDEHWLF��

�Q ��� 
3�YDOXH 

$JH��LQ�\HDUV� ����������� ����������� ������ 
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7$%/(�,,��&203$5,621�2)�6(580�
7(67267(521(�$1'�+%$�&�/(9(/6�%(7:((1�
',$%(7,&�$1'�121�',$%(7,&�*52836��Q� ����� 

-�5HVXOWV�DUH�SUHVHQWHG�DV�0HDQ���6' 
-�3� YDOXH�FDOFXODWHG�E\�6WXGHQW� ³W´� WHVW� LV�VWDWLVWLFDOO\�
VLJQLILFDQW� 
6&$77(5�3/27-�,��+E$�F�VKRZV�SRVLWLYH�
FRUUHODWLRQ�ZLWK�'XUDWLRQ�RI�'0�W\SH-����$V�
'XUDWLRQ�RI�'LDEHWHV�PHOOLWXV�W\SH���LQFUHDVHV��WKH�
/HYHOV�RI�+E$�F�DOVR�LQFUHDVH��U �������3 ������� 

6&$77(5�3/27-,,��'XUDWLRQ�RI�'0�VKRZV�LQYHUVH�
FRUUHODWLRQ�ZLWK�6HUXP�7HVWRVWHURQH���$V�WKHUH�LV�
ULVH�LQ�GXUDWLRQ�RI�'0��WKH�6HUXP�7HVWRVWHURQH�
FRQFHQWUDWLRQV�GHFUHDVH�LQ�SDWLHQWV�ZLWK�'0�W\SH-�
��U �-�������3 ������� 

',6&866,21 

&KDUDFWHULVWLFV� K\SHUJO\FDHPLD� RI� W\SH� �� GLDEHWHV�
PHOOLWXV� GDPDJHV� WKH� YDULRXV� RUJDQ� V\VWHPV� RI�
KXPDQ� ERG\�� LQ� DGGLWLRQ� WR� FKURQLF� PLFURYDVFXODU�
FRPSOLFDWLRQV� VXFK� DV� GLDEHWLF� UHWLQRSDWK\��
QHXURSDWK\�� QHSKURSDWK\� DQG�PLFURDQJLRSDWK\�� 7\SH�

�'0� LV� UHSRUWHG� WR�EH�DVVRFLDWHG�ZLWK�G\VIXQFWLRQ�RI�
JRQDGV� UHVXOWLQJ� LQ� K\SRJRQDGLVP�� RVWHRSRURVLV��
FDQFHU��QRQ-DOFRKROLF� IDWW\� OLYHU�GLVHDVH�DQG�VR� IRUWK��
0DOH�K\SRJRQDGLVP�VHULRXVO\�DIIHFWV�WKH�TXDOLW\�RI�OLIH�
LQ� GLDEHWLF� SDWLHQWV������� +RZHYHU�� VR� IDU�� WKH�
DVVRFLDWLRQ� EHWZHHQ� ORZ� WHVWRVWHURQH� OHYHOV� DQG�
7�'0� QHHGV� PRUH� FODULILFDWLRQ���� 2QH� FOLQLFDO� VWXG\�
IRXQG� WKDW� SDWLHQWV� ZLWK� 7�'0� DUH� SURQH� WR�
K\SRJRQDGLVP��� 
7KH� FRQWURO� RI� EORRG� JOXFRVH� LQ� GLDEHWLF� SDWLHQW� LV�
PRQLWRUHG� E\� WKH�+E$�F�� 6HYHUDO� VWXGLHV� KDYH� EHHQ�
GRQH� DQG� WKH\� VKRZHG� WKDW� +E$�F� SRVLWLYHO\�
DVVRFLDWHG�ZLWK�WKH�GXUDWLRQ�DQG�FRPSOLFDWLRQV�RI�'0�
DQG�LWV�HOHYDWLRQ�LV�D�KLJK�ULVN�IDFWRU�IRU�FDUGLRYDVFXODU�
GLVHDVHV������ 
5HWURJUDGH�HMDFXODWLRQ��RUJDVPLF�G\VIXQFWLRQ��HUHFWLOH�
G\VIXQFWLRQ� DQG� UHGXFHG� OLELGR� DUH� UHFRJQL]HG�
FRPSOLFDWLRQV�HVWDEOLVKHG�ZLWK�FKDQJHDEOH�RFFXUUHQFH�
LQ� PHQ� ZLWK� GLDEHWHV�� 0DQ\� UHVHDUFKHUV� KDYH�
REVHUYHG� WKDW� SUHYDOHQFH� RI� K\SRJRQDGLVP� LQ� 7�'0�
SDWLHQWV� GXH� WR� ORZ� SODVPD� FRQFHQWUDWLRQ� RI� IUHH�
WHVWRVWHURQH���� DQRWKHU� VWXG\� DVVRFLDWHG� WKH� ORZ�
VHUXP�WHVWRVWHURQH�ZLWK�KLJK�DRUWLF�DWKHURPD��� 
,Q� D� VWXG\� RI� REHVH� VXEMHFWV� ZLWK� 7�'0�� ����������
KDG� ORZ� VHUXP� IUHH� WHVWRVWHURQH� ZKLOH� ��� ���������
KDG� ORZ� OHYHO� RI� WRWDO� WHVWRVWHURQH��0HDQ�VHUXP� WRWDO�
WHVWRVWHURQH�ZDV��������������DQG�PHDQ�VHUXP�IUHH�
WHVWRVWHURQH�ZDV��������������:KHUHDV�DQRWKHU�VWXG\�
UHSRUWHG� RFFXUUHQFH� RI� ORZ� WHVWRVWHURQH� LQ� REHVH�
GLDEHWLFV� WR� EH�������� �7KRPD�&�������� VKRZHG� WKDW�
���� SDWLHQWV� RI� GLDEHWHV� PHOOLWXV� KDG� ORZ� OHYHO� RI�
VHUXP� WRWDO� WHVWRVWHURQH� DQG� 6KLJHKDUD� .� HW� DO���
VKRZHG�����RI�ORZ�OHYHO�RI�VHUXP�WRWDO�WHVWRVWHURQH�LQ�
GLDEHWLF� SDWLHQW� ZKLFK� LV� FRQVLVWHQW� WR� SUHVHQW� DQG�
SUHYLRXVO\� UHSRUWHG� VWXGLHV�� ,Q�SUHVHQW� VWXG\���-����
SDWLHQWV� ZHUH� KDYLQJ� ORZ� VHUXP� WRWDO� WHVWRVWHURQH�
OHYHOV�ZKLOH�LQ�QRQ-GLDEHWLF�JURXS��������KDG�QRUPDO�
VHUXP�WHVWRVWHURQH�OHYHOV� 
,Q� D� VWXG\�� PXOWLYDULDWH� DQDO\VLV� GLG� QRW� ILQG� D�
FRUUHODWLRQ� EHWZHHQ� WKH� VHUXP� WHVWRVWHURQH�
FRQFHQWUDWLRQ� DQG� +E$�FOHYHO�� ZKLFK� ZDV� FRQVLVWHQW�
ZLWK� WKH� UHVXOWV�REWDLQHG�E\�VWXGLHV�E\� 6RULJXHU�)�HW�
DO���DQG� )XNXL�0���������ZKLOH� LW�ZDV�LQ�FRQWUDVW�ZLWK�
WKRVH� E\� .DSRRU� '� ������� DQG� WKH� SUHVHQW� VWXG\��
)LQGLQJV� IURP� WKH� VWXG\� E\� 5HLQVWDWOHU� /� ������� DOVR�
FRQWUDGLFWHG� IURP� WKRVH� RI� WKH� VWXG\� E\� )XNXL� 0�
������� LQ� ZKLFK� 77� OHYHOV� SRVLWLYHO\� FRUUHODWHG� ZLWK�
+E$�F� OHYHOV��7KH� ILQGLQJ�RI�KRZ�VHUXP�WHVWRVWHURQH�
GHFUHDVHV� LV�EH\RQG� WKH�VFRSH�RI�SUHVHQW�VWXG\� WKDW�
QHHGV�IXUWKHU�UHVHDUFK� 

&21&/86,21 

&XUUHQW� VWXG\� UHYHDOHG� WKDW� W\SH� �� GLDEHWLF� SDWLHQWV�
VKRZV� ORZ� VHUXP� WHVWRVWHURQH� OHYHOV�� ZKLOH� JO\FDWHG�
+E$��VKRZV�SRVLWLYH�FRUUHODWLRQ�ZLWK�GXUDWLRQ�RI�W\SH���
'0�� 6LJQLILFDQW� QHJDWLYH� FRUUHODWLRQ� RI� 6HUXP�
7HVWRVWHURQH� ZDV� REVHUYHG� ZLWK� JO\FDWHG�
KDHPRJORELQ� $��� 7KXV� LW� LV� LPSRUWDQW� WR� HYDOXDWH�

0XEHHQD�/DJKDUL��)R]LD�6KDLNK��6KD]LD�0XUWD]D��0XQD]]DK�0HUDM��)DUDK�6KDLNK 

�� 

9DULDEOH 
*URXS�$ 
�'LDEHWLF��
�Q ��� 

*URXS�% 
�1RQ-GLDEHWLF� 

�Q ��� 
3-YDOXH 

6HUXP�7HVWRV�
WHURQH��PJ�G/� ����������� ������������ ����� 

+E$�F���� ����������� ������������ ����� 
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GLDEHWLF� SDWLHQWV� IRU� WHVWRVWHURQH� OHYHOV� WKDW� ZLOO�
XOWLPDWHO\� KHOS� LQ� HDUO\� GHWHFWLRQ� DQG� SUHYHQWLRQ� RI�
IXWXUH�FRPSOLFDWLRQV�DVVRFLDWHG�ZLWK�GLDEHWHV�PHOOLWXV� 

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

&RQIOLFW�RI� LQWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�
LQ�DXWKRUV� 

)XQGLQJ�� 7KHUH�ZDV�QR� IXQGLQJ� IURP�DQ\� DJHQF\�
RU�LQVWLWXWLRQ� 

$87+25�&2175,%87,216 

/DJKDUL� 0�� 'UDIWLQJ� DQG� ILQDO� DSSURYDO�� HGLWLQJ��
OLWHUDWXUH�UHYLHZ 
6KDLNK�)��&RQFHSW��'DWD�FROOHFWLRQ 
0XUWD]D�6��$QDO\VLV�DQG�LQWHUSUHWDWLRQ�RI�GDWD� 
0HUDM�0��(GLWLQJ�	�FULWLFDO�UHYLVLRQ�RI�DUWLFOH� 
6KDLNK�)��6WXG\�VXUYH\�	�OLWHUDWXUH�UHYLHZ 

5()(5(1&( 

�� *UDQGL� &�� 7DSLD� -/�� &DUGRVR� 9&�� ,PSDFW� RI�
PDWHUQDO� GLDEHWHV� PHOOLWXV� RQ� PRUWDOLW\� DQG�
PRUELGLW\� RI� YHU\� ORZ� ELUWK� ZHLJKW� LQIDQWV�� D�
PXOWLFHQWHU�/DWLQ�$PHULFD�VWXG\��-�3HGLDWU��5LR�-���
������ ������� ���-���� GRL���������M�MSHG�������
��������� 

�� 6KDZ� -(�� 6LFUHH� 5$�� =LPPHW� 3=�� *OREDO�
HVWLPDWHV� RI� WKH� SUHYDOHQFH�RI� GLDEHWHV� IRU� �����
DQG�������'LDEHWHV�5HV�&OLQ3UDFW���������������-
����GRL����������M�GLDEUHV������������� 

�� =DIDU�-��1DGHHP�'��.KDQ�6$��$EEDVL�00��$]L]�)��
6DHHG� 6�� 3UHYDOHQFH� RI� GLDEHWHV� DQG� LWV�
FRUUHODWHV� LQ� XUEDQ� SRSXODWLRQ� RI� 3DNLVWDQ�� $�
&URVV-VHFWLRQDO� VXUYH\�� -� 3DN�0HG�$VVRF�� ������
����������-�� 

�� 0HPRQ�,$��$OPDQL�6$��6KDLNK�7=��8MMDQ�,��.D]L�1��
.KRKDUR� +.�� %HUEHULQH� PLWLJDWHV� LQVXOLQ�
UHVLVWDQFH�LQ�QHZO\�GLDJQRVHG�W\SH���GLDEHWLFV��,QW�
-� 0HG� 6FL� &OLQ� ,QYHQW�� ������ ������ ����-������
GRL����������LMPVFL��Y�L���� 

�� &KDQ�-&��0DOLN�9��-LD�:��.DGRZDNL�7��<DMQLN�&6��
<RRQ� .+�� HW� DO�� 'LDEHWHV� LQ� $VLD�� (SLGHPLRORJ\��
ULVN� IDFWRUV�� DQG� SDWKRSK\VLRORJ\�� -$0$�� ������
�������������-����GRL���������MDPD���������� 

�� $MORXQL� .�� .KDGHU� <6�� %DWLHKD� $�� $MORXQL� +�� (O-
.KDWHHE�0��$Q�LQFUHDVH�LQ�SUHYDOHQFH�RI�GLDEHWHV�
PHOOLWXV� LQ� -RUGDQ� RYHU� ��� \HDUV�� -� 'LDEHWHV�
&RPSOLFDWLRQV�� ������ ������� ���-���� GRL���������
M�MGLDFRPS������������� 

�� *HRUJH�-7��9HOGKXLV�-'��7HQD-6HPSHUH�0��0LOODU�
53��$QGHUVRQ�5$��([SORULQJ� WKH�SDWKRSK\VLRORJ\�
RI� K\SRJRQDGLVP� LQ� PHQ� ZLWK� W\SH� �� GLDEHWHV��
.LVVSHSWLQ-��� VWLPXODWHV� VHUXP� WHVWRVWHURQH� DQG�
/+�VHFUHWLRQ�LQ�PHQ�ZLWK�W\SH���GLDEHWHV�DQG�PLOG�
ELRFKHPLFDO�K\SRJRQDGLVP��&OLQ�(QGRFULQRO��2[I���
����������������-���GRL���������FHQ������� 

�� 5HLG� .�� 7REHQ� &�� )DNOHU� 3�� (IIHFWV� RI� JDUOLF� RQ�

VHUXP�OLSLGV��DQ�XSGDWHG�PHWD-DQDO\VLV��1XWU�5HY��
����������������-����GRL���������QXUH������� 

�� 6DERRU�$IWDE�6$��.XPDU�6��%DUEHU�70��7KH� UROH�
RI� REHVLW\� DQG� W\SH� �� GLDEHWHV� PHOOLWXV� LQ� WKH�
GHYHORSPHQW� RI� PDOH� REHVLW\-DVVRFLDWHG�
VHFRQGDU\� K\SRJRQDGLVP�� &OLQ� (QGRFULQRO� �2[I���
����������������-���GRL���������FHQ������� 

��� .DSRRU�'��$OGUHG�+��&ODUN�6��&KDQQHU�.6��-RQHV�
7+�� &OLQLFDO� DQG� ELRFKHPLFDO� DVVHVVPHQW� RI�
K\SRJRQDGLVP� LQ� PHQ� ZLWK� W\SH� �� GLDEHWHV��
&RUUHODWLRQV� ZLWK� ELRDYDLODEOH� WHVWRVWHURQH� DQG�
YLVFHUDO� DGLSRVLW\�� 'LDEHWHV� &DUH�� ������ �������
���-����GRL���������GF��-����� 

��� -RQHV� 7+�� $UYHU� 6�� %HKUH� +0�� %XYDW� -��
0HXOHPDQ� (�� 0RQFDGD� ,�� HW� DO�� 7HVWRVWHURQH�
UHSODFHPHQW� LQ� K\SRJRQDGDO� PHQ� ZLWK� W\SH� ��
GLDEHWHV� DQG�RU� PHWDEROLF� V\QGURPH� �7KH�
7,0(6��VWXG\���'LDEHWHV�&DUH������������������-
����GRL���������GF��-������ 

��� 3RUWLOOR-6DQFKH]�3��%ULO�)��0D[LPRV�0��/RPRQDFR�
5��2UVDN�%��6XEEDUD\DQ�6��HW�DO��+LJK�SUHYDOHQFH�
RI�QRQDOFRKROLF� IDWW\� OLYHU�GLVHDVH� LQ�SDWLHQWV�ZLWK�
W\SH� �� GLDEHWHV� PHOOLWXV� DQG� QRUPDO� SODVPD�
DPLQRWUDQVIHUDVH� OHYHOV�� -� &OLQ� (QGRFULQRO�
0HWDERO��������������������-���� 

��� <DWXUX�6��'LDEHWHV�DQG�VNHOHWDO�KHDOWK��-�'LDEHW��
������ ������ ���-���� GRL���������M�����-
����������������[� 

��� /DDNVRQHQ� '(�� 1LVNDQHQ� /�� 3XQQRQHQ� .��
1\\VVRQHQ� .�� 7XRPDLQHQ� 7�� 9DONRQHQ� 9�� HW� DO��
7HVWRVWHURQH� DQG� VH[� KRUPRQH-ELQGLQJ� JOREXOLQ�
SUHGLFW� WKH� PHWDEROLF� V\QGURPH� DQG� GLDEHWHV� LQ�
PLGGOH-DJHG� PHQ�� 'LDEHWHV� &DUH�� ������ �������
����-����GRL���������GLDFDUH����������� 

��� 7RPDU� 5�� 'KDQGVD� 6�� &KDXGKXUL� $��0RKDQW\� 3��
*DUJ� 5�� 'DQGRQD� 3�� &RQWUDVWLQJ� WHVWRVWHURQH�
FRQFHQWUDWLRQ� LQ� W\SH� �� DQG� W\SH� �� GLDEHWHV��
'LDEHWHV�&DUH������������������-��� �GRL���������
GLDFDUH��������� 

��� (QJOLVK� .0�� 0DQGRXU� 2�� 6WHHGV� 53�� 'LYHU� 0-��
-RQHV�7+��&KDQQHU�.6��0HQ�ZLWK�FRURQDU\�DUWHU\�
GLVHDVH�KDYH�ORZHU�OHYHOV�RI�DQGURJHQV�WKDQ�PHQ�
ZLWK� QRUPDO� FRURQDU\� DQJLRJUDPV�� (XU� +HDUW� -��
�����������������-����GRL���������HXKM����������� 

��� +DN�$(��:LWWHPDQ�-��'H�-RQJ�)+��*HHUOLQJV�0,��
+RIPDQ�$��3ROV�+$3��/RZ� OHYHOV�RI� HQGRJHQRXV�
DQGURJHQV� LQFUHDVH� WKH� ULVN� RI� DWKHURVFOHURVLV� LQ�
HOGHUO\� PHQ�� 7KH� 5RWWHUGDP� VWXG\�� -� &OLQ�
(QGRFULQRO� 0HWDE�� ������ ������� ����-����
GRL���������MFHP����������� 

��� %RXOWRQ�$-��9LQLN�$,��$UH]]R�-&��%ULO�9��)HOGPDQ�
(/�� )UHHPDQ� 5�� HW� DO�� 'LDEHWLF� QHXURSDWKLHV�� D�
VWDWHPHQW�E\� WKH�$PHULFDQ�'LDEHWHV�$VVRFLDWLRQ��
'LDEHWHV�&DUH������������������-�����GRL���������
GLDFDUH���������� 

��� %KDVLQ� 6�� 3HQFLQD� 0�� -DVXMD� *.�� 7UDYLVRQ� 7*��
&RYLHOOR�$��2UZROO� (�� HW� DO��5HIHUHQFH� UDQJHV� IRU�
WHVWRVWHURQH� LQ� PHQ� JHQHUDWHG� XVLQJ� OLTXLG�

7HVWRVWHURQH�/HYHOV�LQ�0DOH�7\SH-,,�'LDEHWLF�3DWLHQWV 

�� 
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FKURPDWRJUDSK\� WDQGHP�PDVV� VSHFWURPHWU\� LQ� D�
FRPPXQLW\-EDVHG� VDPSOH� RI� KHDOWK\� QRQREHVH�
\RXQJ�PHQ� LQ� WKH� )UDPLQJKDP�+HDUW� 6WXG\� DQG�
DSSOLHG� WR� WKUHH�JHRJUDSKLFDOO\�GLVWLQFW�FRKRUWV��-�
&OLQ� (QGRFULQRO� 0HWDE�� ������ ������� ����-���
GRL���������MF�����-������ 

��� 7KRPD� &�� 9DUGHQDILO� LQ� PHQ� ZLWK� 7�'0�� 1DWXUH�
5HYLHZV� 8URORJ\�� ������ �������� GRL���������
QUXURO��������� 

��� 6KLJHKDUD� .�� .RQDND� +�� .DWR� <�� ,LMLPD� 0��
1DNDVKLPD� .�� .DZDJXFKL� 6�� HW� DO�� (IIHFW� RI�
WHVWRVWHURQH� UHSODFHPHQW� WKHUDS\� RQ� VH[XDO�
IXQFWLRQ�DQG�JO\FHPLF�FRQWURO�DPRQJ�K\SRJRQDGDO�
PHQ�ZLWK�W\SH���GLDEHWHV�PHOOLWXV��,QW�-�,PSRWHQFH�
5HV�����������������-����GRL���������V�����-���-
����-]� 

��� 6RULJXHU�)��5XELR-0DUWLQ�(��)HUQDQGH]�'��9DOGHV�

6�� *DUFLD-(VFREDU� (�� 0DUWLQ-1XQH]� *0�� HW� DO��
7HVWRVWHURQH��6+%*�DQG�ULVN�RI�W\SH���GLDEHWHV�LQ�
WKH�VHFRQG�HYDOXDWLRQ�RI�WKH�3L]DUUD�FRKRUW�VWXG\��
(XU�-�&OLQ�,QYHVW�����������������-����GRL���������
M�����-����������������[� 

��� )XNXL�0��7DQDND�0��+DVHJDZD�*��<RVKLNDZD�7��
1DNDPXUD� 1�� $VVRFLDWLRQ� EHWZHHQ� VHUXP�
ELRDYDLODEOH� WHVWRVWHURQH� FRQFHQWUDWLRQ� DQG� WKH�
UDWLR� RI� JO\FDWHG� DOEXPLQ� WR� JO\FDWHG� KHPRJORELQ�
LQ�PHQ�ZLWK�W\SH���GLDEHWHV��'LDEHWHV�&DUH��������
����������-���� 

��� 5HLQVWDWOHU� /�� 4L� <3�� :LOOLDPVRQ� 56�� *DUQ� -9��
2DNOH\� -U�� *3�� $VVRFLDWLRQ� RI� ELRFKHPLFDO� %���
GHILFLHQF\�ZLWK�PHWIRUPLQ�WKHUDS\�DQG�YLWDPLQ�%���
VXSSOHPHQWV�� WKH� 1DWLRQDO� +HDOWK� DQG� 1XWULWLRQ�
([DPLQDWLRQ� 6XUYH\�� ����-������ 'LDEHWHV� &DUH��
����������������-����GRL���������GF��-������ 

0XEHHQD�/DJKDUL��)R]LD�6KDLNK��6KD]LD�0XUWD]D��0XQD]]DK�0HUDM��)DUDK�6KDLNK 

�� 
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'U��0XEHHQD�/DJKDUL��&RUUHVSRQGLQJ�$XWKRU� 
$VVRFLDWH�3URIHVVRU 
'HSDUWPHQW�RI�%LRFKHPLVWU\� 
/LDTXDW�8QLYHUVLW\�RI�0HGLFDO�	�+HDOWK�6FLHQFHV 
�/80+6���-DPVKRUR��6LQGK-3DNLVWDQ� 
(PDLO��GUPXEHHQD����#JPDLO�FRP 
 
'U��)R]LD�6KDLNK 
/HFWXUHU��'HSDUWPHQW�RI�%LRFKHPLVWU\� 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ� 
 
'U��6KD]LD�0XUWD]D 
&OLQLFDO�WULDO�XQLW�5HVHDUFK�6SHFLDOLVW 
3ULQFH�1DLI�+HDOWK�5HVHDUFK�&HQWUH� 
.LQJ�6DXG�8QLYHUVLW\�0HGLFDO�&LW\�� 
5L\DGK�.6$� 
 
'U��0XQD]]DK�0HUDM 
$VVRFLDWH�3URIHVVRU��3K'�%LRFKHPLVWU\� 
'HSDUWPHQW�RI�%LRFKHPLVWU\� 
3HRSOHV�8QLYHUVLW\�RI�0HGLFDO�DQG�+HDOWK�6FLHQFHV�IRU�ZRPHQ� 
1DZDEVKDK��6LQGK-3DNLVWDQ� 
 
'U��)DUDK�6KDLNK 
/HFWXUHU��'HSDUWPHQW�RI�&RPPXQLW\�0HGLFLQH� 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ�� 


