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[SRVXUH� WR� WR[LF� FKHPLFDOV� LQ� SHWURO� LV� D� PDMRU�( �RFFXSDWLRQDO� KHDOWK� FRQFHUQ�ZRUOGZLGH �GXH� WR� LWV�
IUHTXHQW� XWLOL]DWLRQ� LQ� DXWRPRELOHV� DQG� RWKHU�

�PDFKLQHV� HVSHFLDOO\� LQ� GHYHORSLQJ� QDWLRQV� � 2QH� RI� VXFK�
H[SRVXUHV� LV� DPRQJ� URDGVLGH� SHWURO� GLVSHQVHUV� ZKLFK� DUH�
FRPPRQ�VLJKW�LQ�1LJHULD��PRVW�HVSHFLDOO\�LQ�WKH�1RUWKHUQ�SDUW�

�RI� WKH� FRXQWU\� � 0RVW� ORFDO� SHWURO� GLVSHQVHUV� KDYH� OLWWOH�
NQRZOHGJH� RQ� WKH� VDIH� KDQGOLQJ� DQG� WUDQVSRUWDWLRQ� RI�
FKHPLFDOV� �DQG�GR�QRW�XVH�DQ\�IRUP�RI�SURWHFWLRQ�DJDLQVW�WKH�
IXPHV�HPDQDWLQJ�IURP�WKH�SHWURO�ZKLFK�WKH\�GLVSHQVH��7KH\�

DOPRVW�DOZD\V�VWD\�E\�WKH�URDG�VLGH�ZDLWLQJ�IRU�WKHLU�FXVWRPHUV�
ZKLFK�LQ�LWVHOI�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�OHYHOV�RI�H[SRVXUH�

� �WR�SHWURO�DQG�LWV�FRQVWLWXHQWV��� �

/HDG� DQG� FDGPLXP� DUH� LPSRUWDQW� RFFXSDWLRQDO� DQG�
HQYLURQPHQWDO� SROOXWDQWV� DQG�ZKLFK� DSSHDU� WR� EH� RI� SXEOLF�
KHDOWK�LPSRUWDQFH�LQ�1LJHULD�ZKHQ�FRPSDUHG�WR�RWKHU�KHDY\�

�PHWDOV� &KURQLF�WR[LFLW\�WR�WKHVH�KHDY\�PHWDOV�FDQ�EH�DFTXLUHG�
WKURXJK�H[SRVXUH�WR�SHWURO��,QFUHDVHG�SODVPD�OHYHOV�RI�WKHVH�
WR[LF� PHWDOV� KDYH� EHHQ� DVVRFLDWHG� ZLWK� PDQ\� FKURQLF�

���GLVHDVHV� �/HDG�FDXVHV�FKURQLF�GLVHDVHV�WKURXJK�JHQHUDWLRQ�RI�
UHDFWLYH�R[\JHQ�VSHFLHV�DQG�DOWHUDWLRQ�RI�DQWLR[LGDQW�GHIHQVH�

$UH�5RDGVLGH�3HWURO�'LVSHQVHUV�DW�KLJKHU�ULVN�RI�OHDG�DQG�&DGPLXP�7R[LFLW\"�$�VWXG\�IURP�*RPEH�6WDWH��
1RUWK��(DVW��1LJHULD

� � � � �$GDPX�6�� �$NLQRVXQ�20�� �$EEL\HVXNX�)0� �-LEULO�0(� �$EXEDNDU�-G

��'HSDUWPHQW�RI�&KHPLFDO�3DWKRORJ\��$KPDGX�%HOOR�8QLYHUVLW\��=DULD��1LJHULD�
��'HSDUWPHQW�RI�&RPPXQLW\�0HGLFLQH��&ROOHJH�2I�0HGLFDO�6FLHQFHV��*RPEH�6WDWH�8QLYHUVLW\��*RPEH��1LJHULD�

'U�$GDPX�6

VDQLJRPEH#\DKRR�FRP

��'HSDUWPHQW�RI�&KHPLFDO�3DWKRORJ\��8QLYHUVLW\�&ROOHJH�+RVSLWDO��,EDGDQ��1LJHULD�

&RUUHVSRQGLQJ�DXWKRU��

�����������

�'HSDUWPHQW�RI�&KHPLFDO�3DWKRORJ\��&ROOHJH�RI�0HGLFDO�6FLHQFHV��*RPEH�6WDWH�8QLYHUVLW\��)HGHUDO�7HDFKLQJ�+RVSLWDO��
*RPEH�1LJHULD�

'HSDUWPHQW�RI�&KHPLFDO�3DWKRORJ\��&ROOHJH�RI�0HGLFDO�6FLHQFHV��*RPEH�6WDWH�8QLYHUVLW\��)HGHUDO�7HDFKLQJ�+RVSLWDO��
*RPEH�1LJHULD�

&RQFOXVLRQ��2XU�GDWD�KDV�GHPRQVWUDWHG�KLJKHU�OHYHO�RI�OHDG�DQG�FDGPLXP�LQ�URDG�VLGH�GLVSHQVHUV�RI�SHWURO�FRPSDUHG�WR�WKH�
FRQWUROV��7KLV� LV�DQ� LQGLFDWLRQ� WKDW� URDGVLGH�SHWURO�GLVSHQVLQJ� LV�DVVRFLDWHG�ZLWK�KLJK�SODVPD� OHDG�DQG�FDGPLXP�DQG�PD\�
SUHGLVSRVH�WR�GLVHDVHV�DVVRFLDWHG�ZLWK�WKRVH�KHDY\�PHWDOV��:H�VXJJHVW�WKDW�OHJLVODWLRQ�RQ�URDG�VLGH�SHWURO�GLVSHQVLQJ�VKRXOG�EH�
HQIRUFHG�WR�UHGXFH�LQFLGHQFH�RI�ORQJ�WHUP�FRPSOLFDWLRQV�IURP�H[SRVXUH�

%DFNJURXQG�/HDG�DQG�FDGPLXP�DUH�LPSRUWDQW�RFFXSDWLRQDO�DQG�HQYLURQPHQWDO�SROOXWDQWV��,QFUHDVH�SODVPD�OHYHOV�RI�WKHVH�WR[LF�
PHWDOV�ZHUH�IRXQG�WR�EH�DVVRFLDWHG�ZLWK�FKURQLF�GLVHDVHV��/HDG�FDXVHV�FKURQLF�GLVHDVHV�WKURXJK�JHQHUDWLRQ�RI�UHDFWLYH�R[\JHQ�
VSHFLHV� �526�� DQG� DOWHUDWLRQ� RI� DQWLR[LGDQW� GHIHQVH� V\VWHP� LQ� RFFXSDWLRQDOO\� H[SRVHG�ZRUNHUV� WKURXJK� LWV� HIIHFWV� RQ� FHOO�
PHPEUDQH�DQG�'1$��ZKLOH�WKH�WR[LF�HIIHFWV�RI�FDGPLXP�DUH�PHGLDWHG�YLD�EORFNLQJ�WKH�ELRFDWDO\WLF�DQWLR[LGDQW�DFWLRQV�RI�FRSSHU��
]LQF�DQG�FREDOW�

0DWHULDOV�$QG�0HWKRGV��3ODVPD�OHYHOV�RI�KHDY\�PHWDOV��OHDG�DQG�FDGPLXP��ZHUH�FRPSDUHG�EHWZHHQ����URDG�VLGH�GLVSHQVHUV�RI�
SHWURO�DQG����FRQWUROV��/HDG�DQG�FDGPLXP�ZDUH�DQDO\]HG�XVLQJ�$WRPLF�$EVRUSWLRQ�6SHFWURSKRWRPHWHU��$$6���

$LPV�$QG�2EMHFWLYHV��(YDOXDWH�ULVN�RI�OHDG�DQG�&DGPLXP�WR[LFLW\�DPRQJ�URDGVLGH�GLVSHQVHUV�RI�SHWURO�LQ�*RPEH�VWDWH��1LJHULD�

5HVXOWV��7KH�PHDQ�DJH�RI�WKH�H[SRVHG�DQG�FRQWURO�JURXSV�ZHUH������������\HDUV�DQG�������������\HDUV�UHVSHFWLYHO\��7KH�PHDQ�
SODVPD�OHYHOV�RI�OHDG������������J�GO��DQG�FDGPLXP������������J�GO��ZHUH�VLJQLILFDQWO\�KLJKHU��S���������DPRQJ�WKH�URDG�VLGH�
GLVSHQVHUV�RI�SHWURO�FRPSDUHG�WR�WKH�FRQWUROV������������J�GO�DQG���������J�GO�UHVSHFWLYHO\��
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,Q�1LJHULD��HVSHFLDOO\�LQ�WKH�QRUWK��PXVW�VWXGLHV�ZHUH�FDUULHG�
RXW�RQ�DFXWH�H[SRVXUH�WR�OHDG��DVVRFLDWHG�ZLWK�JROG�PLQLQJ�LQ�

���=DPIDUD�DPRQJ�FKLOGUHQ� �1RQH��WR�RXU�NQRZOHGJH�LQYROYHG� �
FKURQLF� H[SRVXUH� WR� OHDG� DQG� FDGPLXP�� HVSHFLDOO\� DPRQJ�
URDGVLGH�GLVSHQVHUV�RI�SHWURO��$Q�XQGHUVWDQGLQJ�RI�WKH�SODVPD�
OHYHOV�RI�WKHVH�KHDY\�PHWDOV�DPRQJ�H[SRVHG�LQGLYLGXDOV�ZLOO�
KHOS�LQ�JHQHUDWLQJ�GDWD�XVHIXO�IRU�WKH�SUHYHQWLRQ�DQG�WLPHO\�
LQWHUYHQWLRQ�RI�FKURQLF�KHDY\�PHWDO�WR[LFLW\�HVSHFLDOO\�DPRQJ�
URDGVLGH�SHWURO�GLVSHQVHUV�

2QO\� DSSDUHQWO\� KHDOWK\�� IXOO� WLPH� URDGVLGH� GLVSHQVHUV� RI�
SHWURO�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�

(;&/86,21�&5,7(5,$

,1&/86,21�&5,7(5,$

3HRSOH�ZKR�KDG�RWKHU�RFFXSDWLRQDO�H[SRVXUH�WR�KHDY\�PHWDOV�
ZHUH�H[FOXGHG�IURP�WKH�VWXG\��7KHVH�LQFOXGH�WKRVH�ZRUNLQJ�LQ�

�ZHOGLQJ��EDWWHU\��SDLQWLQJ��DXWR�PHFKDQLFV� LQGXVWULHV� 3HWURO�
VWDWLRQ�DWWHQGDQWV�ZHUH�DOVR�H[FOXGHG�IURP�WKH�VWXG\��

6(/(&7,21�2)�&21752/6

6WUXFWXUHG�TXHVWLRQQDLUH�UHTXHVWLQJ�ELR�GDWD��DQWKURSRPHWULF�
PHDVXUHPHQWV�� GXUDWLRQ� RI� SHWURO� GLVSHQVLQJ� DQG� XVH� RI�
DSSDUHO�ZDV�DGPLQLVWHUHG�E\�WKH�UHVHDUFKHU�DW�WKH�VLWH�RI�SHWURO�
GLVSHQVLQJ� SDUWLFLSDQWV� ZHUH� DVNHG� WR� IDVW� IRU� VDPSOH�

$,06�$1'�2%-(&7,9(6
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7KH� DLP�RI� WKLV� VWXG\�ZDV� WR� HYDOXDWH� WKH� ULVN� RI� OHDG� DQG�
FDGPLXP� WR[LFLW\� DPRQJ� URDGVLGH� GLVSHQVHUV� RI� SHWURO� LQ�
*RPEH��1LJHULD�

7KH� VXEMHFWV� LQ� WKH� VWXG\� ZHUH� GUDZQ� IURP� *RPEH� 6WDWH��
1RUWK�(DVW�1LJHULD�XVLQJ�PXOWL�VWDJHG�VDPSOLQJ�WHFKQLTXH�

6H[�DQG�DJH�PDWFKHG�FRQWUROV�ZHUH�VHOHFWHG�IURP�WKH�JHQHUDO�
SRSXODWLRQ�LQ�WKH�VDPH�HQYLURQPHQW��

'(6,*1

7KLV�ZDV�D�FURVV�VHFWLRQDO�DQDO\WLFDO�VWXG\�DSSURYHG�E\�WKH�
*RPEH�6WDWH�(WKLFDO�&RPPLWWHH��1LQHW\�KHDOWK\�NQRZQ�URDG�
VLGH�GLVSHQVHUV�RI�SHWURO�ZHUH�UHFUXLWHG�DQG�DOVR�QLQHW\�DJH�DQG�
VH[�PDWFKHG�FRQWUROV����

V\VWHP�LQ�RFFXSDWLRQDOO\�H[SRVHG�ZRUNHUV�WKURXJK�LWV�HIIHFW�
RQ�FHOO�PHPEUDQH�DQG�'1$��7KH�WR[LF�HIIHFWV�RI�FDGPLXP�DUH�
PHGLDWHG�YLD�EORFNLQJ�WKH�ELRFDWDO\WLF�DQWLR[LGDQW�DFWLRQV�RI�

�FRSSHU��]LQF�DQG�FREDOW�

6(77,1*�

5(68/76

7KH�GDWD�ZDV�DQDO\]HG�RQ�D�FRPSXWHU�XVLQJ� WKH�V\VWHP�IRU�
6366�YHUVLRQ�������IRU�ZLQGRZV��7KH�PHDQ��;��DQG�VWDQGDUG�
GHYLDWLRQ��6'��IRU�DJH��OHDG�DQG�FDGPLXP�RI�WKH�JDVROLQH�RI�
H[SRVHG�DQG�QRQ�H[SRVHG�ZHUH�FRPSXWHG�IRU�FRPSDULVRQ�

7DEOH���

7DEOH� ��� 2FFXSDWLRQDO� GLVWULEXWLRQ� RI� WKH� FRQWURO�
JURXS�

FROOHFWLRQ�WKH�IROORZLQJ�PRUQLQJ��

3ODVPD� OHYHOV� RI� KHDY\� PHWDOV� �OHDG� DQG� FDGPLXP�� ZHUH�
DQDO\]HG� XVLQJ� $WRPLF� $EVRUSWLRQ� 6SHFWURSKRWRPHWHU�

���$$6� � DQG� OHYHOV� ZHUH� FRPSDUHG� EHWZHHQ� ��� URDG� VLGH�
GLVSHQVHUV�RI�SHWURO�DQG����FRQWUROV��

�POV� RI� IDVWLQJ� YHQRXV� EORRG� ZDV� FROOHFWHG� IURP� HDFK�
SDUWLFLSDQW� LQWR� D� KHSDULQLVHG� SODVWLF� VDPSOH� ERWWOH�� 3ODVPD�
ZDV�VHSDUDWHG�E\�FHQWULIXJDWLRQ�DQG�IUR]HQ�ZLWKLQ���PLQXWHV�

��DW����& �WLOO�WKH�WLPH�RI�DQDO\VLV�

6WXGHQW�7�WHVW�ZDV� XVHG� WR� GHWHUPLQH� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� PHDQV� RI� WKH� WZR� JURXSV�� 3HDUVRQ� FRUUHODWLRQ�
FRHIILFLHQW� ZDV� XVHG� WR� HVWDEOLVK� FRUUHODWLRQ� EHWZHHQ� WKH�
SODVPD�OHYHOV�RI�WKH�KHDY\�PHWDOV��OHDG�DQG�FDGPLXP��DQG�WKH�
GXUDWLRQ�RI�H[SRVXUH�WR�JDVROLQH��7KH�OHYHO�RI�VLJQLILFDQFH�ZDV�
IL[HG�DW�WKH����SUREDELOLW\�OHYHO��

6WDWLVWLFDO�DQDO\VLV

7KH�PHDQ�DJH�RI�WKH�H[SRVHG�DQG�FRQWURO�JURXSV�ZDV���������
���� DQG� �������� ���� \HDUV� UHVSHFWLYHO\��1LQHW\� UHVSRQGHQWV�
ZHUH� URDGVLGH�GLVSHQVHUV�RI�SHWURO��$PRQJ� WKH�FRQWUROV�����
��������ZHUH� WHDFKHUV�� ����������ZHUH� IDPHUV�� ����������
ZHUH�VWXGHQWV�DQG�����������ZHUH�RWKHU�RFFXSDWLRQV��1RQH�RI�
WKH� H[SRVHG� SRSXODWLRQ� XVHG� SURWHFWLYH� DSSDUDWXV�� 7KH�
GHPRJUDSKLF�GDWD�IRU�WKH�VWXG\�SDUWLFLSDQWV�FDQ�EH�VHHQ�LQ�

7KH�PHDQ�SODVPD�OHYHOV�RI�OHDG������������J�GO��DQG�FDGPLXP�
�����������J�GO��ZHUH�VLJQLILFDQWO\�KLJKHU��S���������DPRQJ�

��

2FFXSDWLRQ�����������)UHTXHQF\�����������3HUFHQW�����

7UDGHU�
7HDFKHU�
)DUPHU�
6WXGHQW�
2WKHUV�
7RWDO�
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WKH� URDG� VLGH�GLVSHQVHUV�RI�SHWURO� FRPSDUHG� WR� WKH� FRQWUROV�
�����������J�GO�DQG���������J�GO�UHVSHFWLYHO\���
7DEOH����6WXGHQW
V� W�� WHVW� IRU�HTXDOLW\�RI�PHDQV�EHWZHHQ�
H[SRVHG�DQG�FRQWUROV

7$%/(� ��� 3HDUVRQ� FRUUHODWLRQ� RI� GXUDWLRQ� RI� H[SRVXUH�
�KRXUV��DQG�RWKHU�PHDVXUHG�SDUDPHWHUV

7KHUH� ZDV� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� WKH� GXUDWLRQ� RI�
H[SRVXUH� DQG� KHDY\�PHWDOV� �OHDG� DQG� FDGPLXP�� �S!� �������
7DEOH���

/HDG�DQG�FDGPLXP�DUH�SDUW�RI�WKH�PDLQ�WKUHDWV�WR�KXPDQ�KHDOWK�
�IURP�KHDY\�PHWDO�H[SRVXUH� �7R[LFLW\�RFFXUV�DW�ORZHU�OHYHOV�

�WKDQ�SUHYLRXVO\�DQWLFLSDWHG� �7KH�KHDOWK�HIIHFWV�RI�WKHVH�KHDY\�
���PHWDOV�KDYH�EHHQ�UHJXODUO\�UHYLHZHG�IRU�D�ORQJ�SHULRG�RI�WLPH

���
�,Q�WKLV�VWXG\��LW�ZDV�IRXQG�WKDW�OHDG�DQG�FDGPLXP�OHYHOV�ZHUH�
VLJQLILFDQWO\� KLJKHU� DPRQJ� WKH� SHWURO� H[SRVHG� JURXS�
FRPSDUHG� WR� WKH�FRQWUROV��7KLV� ILQGLQJ�ZDV�VLPLODU� WR�RWKHU�

��VWXGLHV� ZKHUH� %D\UDNWDU� HW�DO � IRXQG� VLJQLILFDQWO\� KLJKHU�
OHYHOV�RI�OHDG�LQ�SHWURO�H[SRVHG�VXEMHFWV�FRPSDUHG�WR�FRQWUROV��

��VLPLODU�ILQGLQJV�ZHUH�PDGH�E\�1DHKHU��HW�DO�

'LVFXVVLRQ

7KH�SODVPD�OHYHOV�RI�OHDG�DQG�FDGPLXP�IRXQG�LQ�WKLV�VWXG\�
ZHUH� IDU� DERYH� WKH� 8�6� &HQWHUV� IRU� 'LVHDVH� &RQWURO� DQG�

��3UHYHQWLRQ
V�DGYLVRU\�OHYHO�RI�FRQFHUQ�����uJ�GO� ��PDQ\�KDYH�
HYHQ� VXJJHVWHG� WKDW� OHDG� DQG� FDGPLXP� VKRXOG� QRW� KDYH�
WKUHVKROG�OLPLWV�DQG�WKDW�WKHLU�LGHDO�SODVPD�OHYHOV�VKRXOG�EH�

�]HUR� �7KH� VLJQLILFDQWO\� KLJKHU� OHYHOV� RI� OHDG� DQG� FDGPLXP�
DPRQJ�WKH�H[SRVHG�JURXS�LV�WKHUHIRUH�IDU�IURP�WKH�LGHDO�
,Q�1LJHULD��HVSHFLDOO\�LQ�WKH�1RUWK�PRVW�VWXGLHV�DUH�DERXW�OHDG�
DQG�FDGPLXP�DQG�ZHUH�UHODWHG�WR�DFXWH�WR[LFLWLHV�DVVRFLDWHG�

���ZLWK�PLQLQJ�DFWLYLWLHV� �7KHVH�VWXGLHV� IRXQG�KLJK� OHYHOV�RI�
WR[LFLW\� LQ� PRUH� WKDQ� ���� RI� FKLOGUHQ� LQ� YLOODJHV� DURXQG�
PLQLQJ�VLWHV��7KLV�VWXG\��IRXQG�RFFXSDWLRQDO�H[SRVXUH�WKDW�LV�
FKURQLF�LQ�QDWXUH�DQG�PDLQO\�DIIHFWV�DGXOWV��/HDG�DQG�FDGPLXP�
WR[LFLW\�PD\�EH�ERWK�RFFXSDWLRQDO� DQG�HQYLURQPHQWDO��ERWK�
DFXWH� DQG�FKURQLF� DQG�PD\�DIIHFW�ERWK�FKLOGUHQ�DQG�DGXOWV��
([SRVXUHV� WR� WKHVH� KHDY\� PHWDOV� KDV� EHHQ� IRXQG� WR� EH�
DVVRFLDWHG�ZLWK�R[LGDWLYH�VWUHVV�DQG�VHYHUDO�FKURQLF�GLVHDVHV�
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�����LQFOXGLQJ�PDOLJQDQFLHV� �6RPH�VWXGLHV�KDYH�GHPRQVWUDWHG�
DVVRFLDWLRQ�RI�OHDG�WR[LFLW\�ZLWK�LURQ�GHILFLHQF\�DQHPLD��ORZ�
ELUWK� ZHLJKW� DQG� FKURQLF� KHDULQJ� ORVV�� NLGQH\� DQG� ERQH�

�����GLVHDVHV�� � 7KH� WR[LFLW\� LV� KLJKHU� DPRQJ� FKLOGUHQ� GXH� WR�
KLJKHU�LQWHVWLQDO�DEVRUSWLRQ�DQG�PRUH�SHUPHDEOH�EORRG�EUDLQ�
EDUULHU��7KHUHIRUH��WKH�REVHUYHG�KLJKHU�OHYHOV�RI�WKHVH�KHDY\�
PHWDOV�LQ�WKH�H[SRVHG�JURXS�LQ�RXU�VWXG\�PD\�SUHGLFW�R[LGDWLYH�
VWUHVV�DQG�ULVNV�DVVRFLDWHG�ZLWK�LW�
7KH�DVVRFLDWLRQ�RI�OHDG�WR[LFLW\�ZLWK�R[LGDWLYH�VWUHVV�KDV�EHHQ�
IXUWKHU�GHPRQVWUDWHG�E\�VRPH�VWXGLHV�WKDW�VKRZ�UHGXFWLRQ�RI�
SODVPD� OHDG� DIWHU� VXSSOHPHQWDWLRQ� ZLWK� WKH� DQWLR[LGDQW�

��YLWDPLQ�&��

&21&/86,21

7KH�URDGVLGH�SHWURO�GLVSHQVHUV�VKRXOG�EH�HGXFDWHG�DERXW�WKH�
ULVN�RI�FKURQLF� OHDG�DQG�FDGPLXP�WR[LFLW\� LQYROYHG�LQ� WKHLU�
WUDGH��/HJLVODWLRQ�RQ�URDGVLGH�SHWURO�GLVSHQVLQJ�VKRXOG�DOVR�EH�
HQIRUFHG�WR�UHGXFH�LQFLGHQFH�RI�ORQJ�WHUP�FRPSOLFDWLRQV�IURP�
H[SRVXUH�

7KHUH�LV�D�VWURQJ�QHHG�IRU�JRLQJ�IXUWKHU�WR�ILQG�RXW�WKH�HIIHFW�RI�
DQWLR[LGDQW� VXSSOHPHQWDWLRQ� RQ� WKH� KHDY\� PHWDO� WR[LFLW\�
GHPRQVWUDWHG�DPRQJ�URDG�VLGH�GLVSHQVHUV�RI�SHWURO�� �7KLV�LV�
EHFDXVH� PDQ\� VWXGLHV� KDYH� VKRZQ� D� GHFUHDVH� LQ� R[LGDWLYH�

�����VWUHVV� LQ�SHRSOH�ZKR�DUH� H[SRVHG� � ,I� IRXQG� WR�EH�XVHIXO��
DQWLR[LGDQW�VXSSOHPHQWDWLRQ�FDQ�EH�DGYRFDWHG�WR�UHGXFH�WKH�
ULVN�RI�KHDY\�PHWDO�WR[LFLW\�DPRQJ�WKH�SHRSOH�WKDW�DUH�H[SRVHG�
WR�SHWURO��7KLV�PD\�EH�HIIHFWHG�E\�WKH�FRQVXPSWLRQ�RI�IUXLW�DQG�
YHJHWDEOHV�WKDW�DUH�ULFK�LQ�DQWLR[LGDQWV�UDQJLQJ�IURP�WRPDWRHV��

�����JUDSHV��RUDQJH��PHORQ�DQG�WHD�

7KH�GDWD�IURP�WKLV�VWXG\�KDV�GHPRQVWUDWHG�KLJKHU�OHYHO�RI�OHDG�
DQG�FDGPLXP�LQ�URDG�VLGH�GLVSHQVHUV�RI�SHWURO�FRPSDUHG�WR�WKH�
FRQWUROV��7KLV�LV�DQ�LQGLFDWLRQ�WKDW�URDGVLGH�SHWURO�GLVSHQVLQJ�LV�
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