
,PSDFW�RI�DFQH�YXOJDULV�RQ�WKH�
TXDOLW\�RI�OLIH�DPRQJ�DGXOW�DFQH� 
SDWLHQWV�LQ�%UXQHL�'DUXVVDODP� 
-LDQ�<X�/(,����6XVDQQH�$OH[DQGHU�38/,022'����)D]HDQ�,UGD\DWL�,'5,6�� 
��3HQJLUDQ�$QDN�3XWHUL�5DVLGDK�6D¶DGDWXO�%RONLDK��3$356%���,QVWLWXWH�RI�+HDOWK� 
6FLHQFHV��8QLYHUVLWL�%UXQHL�'DUXVVDODP 
��'HSDUWPHQW�RI�'HUPDWRORJ\��5DMD�,VWHUL�3HQJLUDQ�$QDN�6DOHKD��5,3$6��+RVSLWDO�� 
%UXQHL�'DUXVVDODP 

$%675$&7������� 
,QWURGXFWLRQ��$FQH�YXOJDULV�LV�D�FRPPRQ�VNLQ�GLVHDVH�ZKLFK�FDQ�KDYH�D�VLJQLILFDQW�QHJDWLYH�

LPSDFW�RQ�WKH�SDWLHQW¶V�OLIH��SK\VLFDOO\�DQG�SV\FKRORJLFDOO\��7KLV�VWXG\�DLPHG�WR�GHWHUPLQH�WKH�TXDOLW\�RI�

OLIH��4R/��RI�SDWLHQWV�ZLWK�DFQH�LQ�%UXQHL�'DUXVVDODP��WKH�DVVRFLDWLRQ�RI�VHYHULW\�RI�DFQH�DQG�VHYHULW\�

RI�VFDUULQJ�ZLWK�4R/��,Q�DGGLWLRQ�� WKLV�VWXG\�FRPSDUHG�WKH�4R/�DQG�DFQH�VHYHULW\�EHWZHHQ�PDOH�DQG�

IHPDOH�DFQH�SDWLHQWV��0DWHULDOV�DQG�0HWKRGV��7KLV�ZDV�D�SURVSHFWLYH�FURVV-VHFWLRQDO�VWXG\�FRQVLVWLQJ�RI�

���DGXOW�DFQH�SDWLHQWV��IURP�WKH�'HUPDWRORJ\�FOLQLF�LQ�5DMD�,VWHUL�3HQJLUDQ�$QDN�6DOHKD�+RVSLWDO��%UX�

QHL�'DUXVVDODP��3DUWLFLSDQWV�FRPSOHWHG�WKH�'HUPDWRORJ\�/LIH�4XDOLW\�,QGH[��'/4,���DQ�DVVHVVPHQW�RQ�

WKHLU�4R/� UHODWHG� WR� DFQH�� 7KHLU� DFQH� VHYHULW\�ZDV� DVVHVVHG� XVLQJ� WKH�*OREDO� $FQH�*UDGLQJ�6\VWHP�

�*$*6��DQG� IRU�DFQH�VFDU�JUDGLQJ�ZLWK� WKH�*RRGPDQ�	�%DURQ�TXDOLWDWLYH�DFQH�VFDU�JUDGLQJ�V\VWHP��

5HVXOWV�� 6WXG\� ILQGLQJV� VKRZHG� WKDW� ��� � RI� WKH� DFQH� SDWLHQWV� KDYH� DIIHFWHG� 4R/� Z LWK� D�

PHDQ�'/4,�VFRUH�RI������ZKLFK�FRUUHVSRQGV�WR�D�PRGHUDWH�LPSDLUPHQW�RI�4R/��7KHUH�ZDV�D�ZHDN�FRU�

UHODWLRQ�EHWZHHQ�DFQH�VHYHULW\�DQG�4R/��U ������3 ��������7KHUH�ZDV�QR�VLJQLILFDQW�DVVRFLDWLRQ�EH�

WZHHQ�DFQH�VFDUV�JUDGLQJ�DQG�4R/��3 ��������DFQH�VHYHULW\� LQ�UHODWLRQ�WR�JHQGHU��3 �������DQG�WKH�

4R/�EHWZHHQ�PDOH�DQG� IHPDOH�DFQH�SDWLHQWV� �3 ��������$�ZHDN�FRUUHODWLRQ�ZDV� IRXQG�EHWZHHQ�4R/�

DQG�GXUDWLRQ�RI�DFQH��U ������3 ��������&RQFOXVLRQ��0RVW�DFQH�SDWLHQWV�ZHUH��WR�GLIIHUHQW�GH�

JUHHV�DIIHFWHG�LQ�WKHLU�4R/�E\�WKH�SUHVHQFH�RI�DFQH��0RVW�SDWLHQW�ZLWK�DFQH�DWWHQGLQJ�WKH�'HUPDWRORJ\�

'HSDUWPHQW� 2XWSDWLHQW� DW� 5,3$6� +RVSLWDO� UHSRUWHG� PRGHUDWH� LPSDFW� RQ� WKHLU� GDLO\� 4R/� PHDVXUHV��

ZKLFK�PD\�UHTXLUH�DWWHQWLRQ�IURP�+HDOWKFDUH�SURIHVVLRQDOV�WUHDWLQJ�WKLV�JURXS�RI�SDWLHQWV��3HRSOH�VXI�

IHULQJ�IURP�DFQH�VKRXOG�DOVR�VHHN�KHOS�HDUO\�IURP�WKH�KHDOWKFDUH�SURIHVVLRQDOV�WR�SUHYHQW�SRWHQWLDO�LP�

SDLUPHQW�WR�4R/�GXH�WR�DFQH�� 

 

.H\ZRUGV��$FQH�YXOJDULV��4XDOLW\�RI�/LIH��$GXOW��%UXQHL 

 

,1752'8&7,21 
$FQH� YXOJDULV� LV� D� FRPPRQ� VNLQ� GLVHDVH�� DI�

IHFWLQJ� PRUH� WKDQ� ���� RI� DGROHVFHQWV� DQG�

RIWHQ� FRQWLQXLQJ� LQWR�DGXOWKRRG� WR� DERXW����

DW�WKH�DJH�RI�������$FQH�YXOJDULV�LV�RIWHQ�PLV�

XQGHUVWRRG� DV� D� VLPSOH� SXEHUW\-UHODWHG� FRQ�

GLWLRQ�EXW�LQ�IDFW��LW�KDV�D�VLJQLILFDQW�QHJDWLYH���

2ULJLQDO�$UWLFOH 

&RUUHVSRQGHQFH�DXWKRU��-LDQ�<X�/(,� 
3HQJLUDQ�$QDN�3XWHUL�5DVLGDK�6D¶DGDWXO�%RONLDK�
�3$356%���,QVWLWXWH�RI�+HDOWK� 
6FLHQFHV��8QLYHUVLWL�%UXQHL�'DUXVVDODP 
(�PDLO��MLDQ\X��#OLYH�FRP 

%UXQHL�,QW�0HG�-�������������������-��� 

,1752'8&7,21 
LPSDFW� RQ� WKH� SDWLHQW¶V� OLIH�� �� ,W� FDQ� DIIHFW�

SDWLHQW¶V�OLIH�SK\VLFDOO\�DV�ZHOO�DV�SV\FKRORJL�

FDOO\� LQFOXGLQJ� DQ[LHW\�� GHSUHVVLRQ�� HPEDU�

UDVVPHQW�� ORZHU�VHOI-HVWHHP�DQG�VRFLDO�ZLWK�

GUDZDO�� ��� �� 7KHVH� DGYHUVH� SV\FKRORJLFDO� LQ�

YROYHPHQWV� DIIHFW� TXDOLW\� RI� OLIH� �4R/��� QRW�

RQO\�LQ�DGROHVFHQWV�EXW�DOVR�LQ�DGXOW�DFQH�SD�

WLHQWV�������)XUWKHUPRUH��XS�WR�����RI�WHHQDJ�

HUV�DUH�DIIHFWHG�E\�IDFLDO�VFDUULQJ�GXH�WR�DFQH�

DQG� FDQ� SHUVLVW� LQWR� DGXOWKRRG�� ZKLFK� QHJD�



WLYHO\�DIIHFWV�VHOI-HVWHHP����3V\FKRORJLFDO�LP�

SDFWV�RI�DFQH�PD\�EH�GXH�WR�WKH�DSSHDUDQFH�

RI� IDFLDO�DFQH�RU�VFDUULQJ�IURP�SUHYLRXV�DFQH�

RU�ERWK�� 

 

 7KH�HIIHFW�RI�DFQH�RQ�DQ�DGROHVFHQW¶V�

OLIH� FDQ� EH� OLIH� ORQJ� DQG� GLIILFXOW� WR� KHDO� DQG�

\HW�DFQH�LV�RIWHQ�FRQVLGHUHG�D�PLQRU�SUREOHP�

E\�WKH�KHDOWKFDUH�SURIHVVLRQV�DQG�OD\�SHRSOH��
�� 7KH� SV\FKRORJLFDO� LPSDFW� RI� DFQH� GLIIHUV� LQ�

HDFK� SDWLHQW�� HYHQ� LQ� SDWLHQWV� RI� WKH� VDPH�

DFQH�VHYHULW\��7KHUHIRUH�� LQWHQVLYH�WUHDWPHQW�

PD\�EH�DGYRFDWHG� IRU�VRPH�SDWLHQWV� UHJDUG�

OHVV� RI� WKHLU� DFQH� VHYHULW\�� �� )XUWKHUPRUH��

WUHDWPHQW�IRU�DFQH�KDV�VKRZQ�VLJQLILFDQW� LP�

SURYHPHQW�LQ�SDWLHQWV¶�4R/����� 

 

 7KH�LPSDFW�RI�DFQH�YXOJDULV�RQ�TXDOLW\�

RI� OLIH� PD\� GLIIHU� LQ� FRXQWULHV� ZLWK� GLIIHUHQW�

FXOWXUHV�� 7KLV� VWXG\� DLPHG� WR� GHWHUPLQH� WKH�

4R/� RI� DFQH� SDWLHQWV� LQ� %UXQHL� 'DUXVVDODP��

ZKLFK�PD\�KHOS�WR�LQFUHDVH�DZDUHQHVV�RQ�WKH�

SV\FKRORJLFDO� LPSDFW�RI�DFQH�YXOJDULV� LQ�%UX�

QHL�'DUXVVDODP�� 

0$7(5,$/6�$1'�0(7+2'6 
6WXG\�'HVLJQ��3RSXODWLRQ�DQG�6DPSOH��$�

FURVV-VHFWLRQDO� WHUWLDU\� FDUH� KRVSLWDO-EDVHG�

VWXG\�ZDV� FRQGXFWHG� IURP� -DQXDU\� WR�0DUFK�

�����XVLQJ�FRQYHQLHQW�VDPSOLQJ�PHWKRG�RI�DOO�

SDWLHQWV� ZLWK� DFQH� FRPSODLQV� DWWHQGLQJ� WKH�

'HUPDWRORJ\� FOLQLF� LQ� 5,3$6� +RVSLWDO� HYHU\�

0RQGD\�DQG�:HGQHVGD\�GXULQJ�WKH�VWXG\�SH�

ULRG��$OO�PDOH�DQG�IHPDOH�DFQH�SDWLHQWV��DJHG�

���\HDUV�ROG�DQG�DERYH��ZKR�FDQ�XQGHUVWDQG�

0DOD\�DQG�(QJOLVK��ZLWKRXW�RWKHU�VNLQ�GLVHDV�

HV�DQG�JDYH�LQIRUPHG�FRQVHQW�ZHUH�HOLJLEOH�WR�

SDUWLFLSDWH� LQ� WKLV� VWXG\�� ([FOXVLRQ� FULWHULD�

ZHUH�DGROHVFHQWV�EHORZ� WKH�DJH�RI����� WKRVH�

RQ� PHGLFDWLRQV� WKDW� PD\� FDXVH� DFQH� DQG�

WKRVH� ZKR� KDG� FRQFRPLWDQW� GLVHDVHV� WKDW�

FRXOG�DIIHFW�4R/�� 

 

'DWD� &ROOHFWLRQ� 3URFHGXUHV�� 3DUWLFLSDQW�

,QIRUPDWLRQ� 6KHHW� ZDV� JLYHQ� WR� SDWLHQWV� DW�

WHQGLQJ� WKHLU� DSSRLQWPHQWV� IRU� DFQH� DW� WKH�

'HUPDWRORJ\�&OLQLF� LQ�5,3$6�+RVSLWDO��:ULWWHQ�

FRQVHQWV�ZHUH�REWDLQHG�IRU�WKRVH�ZKR�DJUHHG�

WR� SDUWLFLSDWH�� 3DUWLFLSDQWV� FRPSOHWHG� D� GDWD�

FROOHFWLRQ� SURIRUPD� RQ� WKHLU� VRFLRGHPR�

JUDSKLFV� �DJH�� JHQGHU�� HWKQLFLW\�� MRE��PDULWDO�

VWDWXV�� IDPLO\� LQFRPH�� IDPLO\�KLVWRU\�RI�DFQH��

DQG� GXUDWLRQ� RI� DFQH�� DQG� WKH� 'HUPDWRORJ\�

/LIH�4XDOLW\� ,QGH[� �'/4,��� DQ� DVVHVVPHQW� RQ�

WKHLU�4R/�UHODWHG�WR�DFQH��7KHLU�DFQH�VHYHULW\�

ZDV� DVVHVVHG� XVLQJ� WKH� *OREDO� $FQH�*UDGLQJ�

6\VWHP� �*$*6�� DQG� DFQH� VFDU� JUDGLQJ� XVLQJ�

WKH�*RRGPDQ�	�%DURQ� TXDOLWDWLYH� JUDGLQJ� E\�

WKH�LQYHVWLJDWRU� 

 

5HVHDUFK� ,QVWUXPHQWV�� 7KH� 'HUPDWRORJ\�

/LIH� 4XDOLW\� ,QGH[� RU� '/4,� LV� D� VLPSOH� ��-

TXHVWLRQ� YDOLGDWHG� TXHVWLRQQDLUH� DYDLODEOH� LQ�

0DOD\�DQG�(QJOLVK��,W�ZDV�WKH�ILUVW�4R/�LQVWUX�

PHQW� XVHG� VSHFLILFDOO\� LQ� WKH� 'HUPDWRORJ\�

ILHOG������ '/4,� PHDVXUHV� V\PSWRPV� DQG� IHHO�

LQJV� �TXHVWLRQV� �� DQG� ���� GDLO\� DFWLYLWLHV�

�TXHVWLRQV���DQG����� OHLVXUH��TXHVWLRQV���DQG�

���� ZRUN� DQG� VFKRRO� �TXHVWLRQ� ���� SHUVRQDO�

UHODWLRQVKLSV� �TXHVWLRQV� �� DQG� ��� DQG� WUHDW�

PHQW� �TXHVWLRQ� ����� 7KH� SRVVLEOH� PD[LPXP�

VFRUH�LV���IRU�HDFK�TXHVWLRQ�ZKLFK�JLYHV�D�WR�

/RFDWLRQ��)DFWRU� /HVLRQ��6FRUH� )DFWRU�;�6FRUH 

1RVH���� 

0RUH�WKDQ�RQH�FRPHGRQH� �� 

0RUH�WKDQ�RQH�SDSXOH� �� 

0RUH�WKDQ�RQH�SXVWXOH� �� 

0RUH�WKDQ�RQH�QRGXOH� �� 

�-� 

&KLQ���� �-� 

)RUHKHDG���� �-� 

&KHHNV���� �-� 

&KHVW���� �-�� 

8SSHU�%DFN���� �-�� 

  7RWDO�6FRUH   

7DEOH����*OREDO�$FQH�*UDGLQJ�6\VWHP��*$*6��� 

1RWH��7KH�WRWDO�VFRUH�RI��-���LV�FRQVLGHUHG�PLOG�DFQH����-���PRGHUDWH�DFQH�DQG�!���VHYHUH�DFQH�� 

/(,�HW�DO��%UXQHL�,QW�0HG�-������������������� 



*UDGH 'HVFULSWLRQ 

��-�0DFXODU (U\WKHPDWRXV�VNLQ��K\SHU-�RU�K\SRSLJPHQWHG�IODW�PDUNV��YLVLEOH�WR�SDWLHQW�RU�REVHUYHU�LUUHVSHFWLYH�RI�GLVWDQFH 

��-�0LOG 0LOG�DWURSK\�RU�K\SHUWURSK\�ZKLFK�FDQ�EH�QRWLFHG�DW�D�GLVWDQFH�RI���FP�RU�JUHDWHU��VRFLDO�GLVWDQFHV��DQG�PD\� 
EH�FRYHUHG�DGHTXDWHO\�E\�PDNH�XS 

��-�0RGHUDWH 0RGHUDWH�DWURSK\�RU�K\SHUWURSK\�WKDW�LV�REYLRXV�DQG�QRW�HDVLO\�FRYHUHG�E\�PDNHXS�EXW�VWLOO�DEOH�WR�IODWWHQHG� 
E\�PDQXDO�VWUHWFKLQJ�RI�WKH�VNLQ 

��-�6HYHUH 6HYHUH�DWURSK\�RU�K\SHUWURSK\�ZKLFK�LV�REYLRXV�DQG�FDQQRW�HDVLO\�FRYHUHG�E\�PDNHXS�DQG�LV�QRW�DEOH�WR�EH� 
IODWWHQHG�E\�PDQXDO�VWUHWFKLQJ�RI�WKH�VNLQ 

WDO� RI� ��� LQ� '/4,� VFRULQJ�� $� VFRUH� RI� �-��

PHDQV�QR�LPSDLUPHQW�LQ�4R/���-��PLOG�LPSDLU�

PHQW���-���PRGHUDWH�LPSDLUPHQW����-���YHU\�

ODUJH� LPSDLUPHQW� DQG� ��-��� H[WUHPHO\� ODUJH�

LPSDLUPHQW��7KH�*OREDO�$FQH�*UDGLQJ�6\VWHP�

�*$*6�� LV� D� QXPHULFDO� DFQH� VFRULQJ� V\VWHP�

ZKLFK� VFRUHV� DFQH� E\� DVVHVVLQJ� WKH� W\SH� RI�

OHVLRQV�SUHVHQW�RQ�VL[� ORFDWLRQV� L�H�� IRUHKHDG��

OHIW� DQG� ULJKW� FKHHNV�� QRVH�� FKLQ�� FKHVW� DQG�

XSSHU�EDFN��7DEOH�������� 

 

 7KH� *RRGPDQ� DQG� %DURQ¶V� SRVW-DFQH�

VFDUULQJ�JUDGLQJ�V\VWHP�LV�D�TXDOLWDWLYH�JOREDO�

VFDUULQJ�JUDGLQJ�V\VWHP�WKDW�ZDV�XVHG�LQ�WKLV�

VWXG\� WR� DVVHVV� WKH� DFQH� VFDUV� �7DEOH� ���� ���

7KLV� DFQH� VFDUULQJ� JUDGLQJ� V\VWHP� KDV� IRXU�

JUDGHV�� 

 

6WDWLVWLFDO� $QDO\VLV�� $OO� GDWD� FROOHFWHG�

ZHUH�DQDO\VHG�XVLQJ�,%0�6366�6WDWLVWLFV�YHU�

VLRQ� ����� �)RU� ZLQGRZV��� 6WDWLVWLFDO� DQDO\VLV�

ZHUH�FDUULHG�RXW�WR�FRPSDUH�WKH�4R/�EHWZHHQ�

SDWLHQWV� ZLWK� DQG� ZLWKRXW� IDPLO\� KLVWRU\� RI�

DFQH��4R/�EHWZHHQ�PDOH�DQG�IHPDOH�DFQH�SD�

WLHQWV�� WR� GHWHUPLQH� WKH� DVVRFLDWLRQ� EHWZHHQ�

VHYHULW\�RI�DFQH��VHYHULW\�RI�DFQH�VFDUULQJ�DQG�

4R/� LQ� DFQH� SDWLHQWV� DQG� WR� FRPSDUH� DFQH�

VHYHULW\� EHWZHHQ� PDOH� DQG� IHPDOH� DFQH� SD�

WLHQWV�� 0DQQ-:KLWQH\� WHVW� ZDV� XVHG� WR� FRP�

SDUH� WKH�4R/�EHWZHHQ�PDOH�DQG� IHPDOH�DFQH�

SDWLHQWV�� 3HDUVRQ¶V� FRUUHODWLRQ� ZDV� XVHG� WR�

HYDOXDWH� WKH� UHODWLRQVKLS�EHWZHHQ� VHYHULW\� RI�

DFQH� �*$*6�� DQG� 4R/� �'/4,�� LQ� DFQH� SD�

WLHQWV��.UXVNDO-:DOOLV� WHVW�ZDV�XVHG�WR�GHWHU�

PLQH� WKH� DVVRFLDWLRQ� EHWZHHQ� DFQH� VFDUV�

JUDGLQJ� DQG� 4R/� DQG� &KL-6TXDUH� WHVW� ZDV�

7DEOH����*RRGPDQ�DQG�%DURQ¶V�SRVW-DFQH�VFDUULQJ�JUDGLQJ�V\VWHP� 

XVHG�WR�FRPSDUH�DFQH�VHYHULW\�EHWZHHQ�PDOH�

DQG�IHPDOH�DFQH�SDWLHQWV��7ZR-VLGHG�WHVW�ZDV�

XVHG�IRU�DOO�K\SRWKHVLV�WHVWV�ZLWK�S��������DV�

VWDWLVWLFDOO\�VLJQLILFDQW� 

 

(WKLFDO�&RQVLGHUDWLRQ��7KLV�VWXG\�ZDV�DS�

SURYHG� E\� WKH� 0HGLFDO� DQG� +HDOWK� 5HVHDUFK�

(WKLFV� &RPPLWWHH� �0+5(&��� 0LQLVWU\� RI�

+HDOWK�� %UXQHL� 'DUXVVDODP�� DQG� (WKLFV� &RP�

PLWWHH�RI�3$356%�,QVWLWXWH�RI�+HDOWK�6FLHQFHV�

�,+65(&��� 

5(68/76 
6RFLRGHPRJUDSKLF�FKDUDFWHULVWLFV�����SD�

WLHQWV� ZHUH� DSSURDFKHG� DQG� DOO� FRQVHQWHG� WR�

SDUWLFLSDWH�� 7KH� DJHV� UDQJHG� IURP� ��� WR� ���

\HDUV�ROG�ZLWK�PHDQ�DJH�RI������������\HDUV��

7KH�GHPRJUDSKLF�LV�VKRZQ�LQ�7DEOH��� 

9DULDEOHV Q���� 

*HQGHU 
�����0DOH 
�����)HPDOH 

 
��������� 
��������� 

(WKQLFLW\ 
����0DOD\ 
����&KLQHVH 

 
��������� 
�������� 

0DULWDO�6WDWXV 
�����6LQJOH 
�����0DUULHG 

 
��������� 
�������� 

-RE 
����8QHPSOR\HG 
����6WXGHQWV 
����3LQN�FROODU�ZRUNHUV 
����:KLWH�FROODU�ZRUNHUV 
����%OXH�FROODU�ZRUNHUV 

 
�������� 
��������� 
�������� 
�������� 
��������� 

)DPLO\�,QFRPH 
������%1'����� 
�����%1'�����-����� 
�����!%1'����� 

 
��������� 
��������� 
�������� 

7DEOH����'HPRJUDSKLFV�RI�SDWLHQWV� 

/(,�HW�DO��%UXQHL�,QW�0HG�-������������������� 



&DWHJRU\�–�,PSDLUPHQW�WR�4XDOLW\�
RI�OLIH��'/4,�VFRUHV� 

Q���� 
$YHUDJH�'/4,�VFRUH�

�6'� 
$YHUDJH�*$*V�VFRUH��6'� 

1R�LPSDLUPHQW���-�� ���������� ������������ ������������ 

0LOG�LPSDLUPHQW���-�� ��������� ������������ ������������ 

0RGHUDWH�LPSDLUPHQW���-��� ��������� ������������ ������������ 

9HU\�ODUJH�LPSDLUPHQW�����-��� ��������� ������������ ������������ 

([WUHPHO\�ODUJH�LPSDLUPHQW����-��� ���������� ������������ ������������ 

4R/� RI� SDWLHQWV�� 7KH� PHDQ� RYHUDOO� '/4,�

VFRUH�ZDV�������������D�PRGHUDWH�LPSDLUPHQW�

LQ�4R/��7DEOH�����7KH�PRVW�DIIHFWHG�'/4,�GR�

PDLQ� ZDV� ³6\PSWRPV� DQG� IHHOLQJV´� DQG� WKH�

OHDVW�DIIHFWHG�GRPDLQ�ZDV�³7UHDWPHQW´��7DEOH�

��� 

 

 3HDUVRQ¶V� FRUUHODWLRQ� WHVW� VKRZHG� D�

VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� '/4,� VFRUHV�

DQG� WKH�GXUDWLRQ�RI�DFQH� �S ��������7KH�RE�

VHUYHG�FRUUHODWLRQ�FRHIILFLHQW��U��LV�������ZKLFK�

VXJJHVWV�D�SRVLWLYH�EXW�ZHDN�FRUUHODWLRQ�� 

 

 7KH�WZR�PHGLDQ�'/4,�VFRUHV�EHWZHHQ�

DFQH�SDWLHQWV�ZLWK�DQG�ZLWKRXW� IDPLO\�KLVWRU\�

RI� DFQH� KDYH� QR� VLJQLILFDQW� GLIIHUHQFH�

�S ��������7DEOH���� 

 

&RPSDULVRQ� RI� 4R/� EHWZHHQ� PDOH� DQG�

IHPDOH� SDWLHQWV�� 7KHUH� LV� QR� VLJQLILFDQW�

GLIIHUHQFH�EHWZHHQ�WKH�'/4,�IRU�PDOH�DQG�IH�

PDOH�SDWLHQWV��S ��������7DEOH����� 

7KH�DVVRFLDWLRQ�EHWZHHQ�VHYHULW\�RI�DFQH�

DQG�'/4,�VFRUHV��2XW�RI� WKH����DFQH�SD�

WLHQWV��PLOG�DFQH�ZDV�VHHQ�LQ������������SD�

WLHQWV��PRGHUDWH�DFQH�LQ������������SDWLHQWV�

DQG�VHYHUH�DFQH�LQ�WZR��������SDWLHQWV� 

 

 3HDUVRQ¶V�FRUUHODWLRQ�WHVW�VKRZV�D�VLJ�

QLILFDQW� FRUUHODWLRQ� EHWZHHQ�'/4,� VFRUHV� DQG�

*$*6�VFRUH��S ��������7KH�REVHUYHG�FRUUHOD�

WLRQ� FRHIILFLHQW� �U�� LV� ������ ZKLFK� VXJJHVWV� D�

SRVLWLYH�EXW�ZHDN�FRUUHODWLRQ�� 

 

7KH�DVVRFLDWLRQ�EHWZHHQ�DFQH�VFDUV�JUDG�

LQJ�DQG�4R/��7KH�PHGLDQV�RI�'/4,�VFRUH�

LQ� HDFK� DFQH� VFDU� JUDGLQJ� VKRZHG� WKDW� SD�

WLHQWV� ZLWK� DFQH� VFDU� JUDGLQJ� RI� PDFXODU� RU�

PLOG� JUDGLQJ� VKRZHG� D� PLOG� LPSDLUPHQW� RI�

4R/��DQG�WKRVH�ZLWK�PRGHUDWH�WR�VHYHUH�VFDU�

ULQJ� VKRZHG� D�PRGHUDWH� LPSDLUPHQW� RI� 4R/��

+RZHYHU�� LW� GLG� QRW� UHDFK� VWDWLVWLFDO� VLJQLIL�

FDQFH��S ��������7DEOH���� 

 

&RPSDULVRQ� RI� DFQH� VHYHULW\� EHWZHHQ�

PDOH� DQG� IHPDOH� SDWLHQWV�� 7KHUH� LV� QR�

VLJQLILFDQW�GLIIHUHQFH�LQ�DFQH�VHYHULW\�EHWZHHQ�
'/4,�'RPDLQ 0HDQ��6'� 

6\PSWRPV�DQG�IHHOLQJV ���������� 

'DLO\�DFWLYLWLHV ���������� 

/HLVXUH ���������� 

:RUN�DQG�6FKRRO ���������� 

3HUVRQDO�UHODWLRQVKLS ���������� 

7UHDWPHQW ���������� 

7RWDO ���������� 

'XUDWLRQ�RI�DFQH��\HDUV� ���������� 

9DULDEOHV 
Q �� 

0HGLDQ��,45� 
Q �� 

0HGLDQ��,45� 
=� 

VWDWLVWLFD 
3� 

YDOXHD 

'/4,�
6FRUHV 

������� ������� -���� ����� 

     
)DPLO\�KLVWRU\�RI�DFQH 

<HV 1R 

/(,�HW�DO��%UXQHL�,QW�0HG�-������������������� 

7DEOH����7KH�TXDOLW\�RI�OLIH�LPSDLUPHQW�ZLWK�UHVSHFW�WR�*$*V�VFRUHV� 

'/4,� �'HUPDWRORJ\�/LIH�4XDOLW\�,QGH[��6'� �6WDQGDUG�'HYLDWLRQ� 

7DEOH����'/4,�6FRUHV�RI�SDWLHQWV� 

'/4,� �'HUPDWRORJ\�/LIH�4XDOLW\�,QGH[��6'� �6WDQGDUG�'HYLDWLRQ� 

7DEOH����'/4,�VFRUHV�EHWZHHQ�SDWLHQWV� 
DQG�IDPLO\�KLVWRU\�RI�DFQH�� 

D0DQQ-:KLWQH\�7HVW��'/4,� �'HUPDWRORJ\�/LIH�4XDOLW\�,QGH[ 
,45� �,QWHUTXDUWLOH�UDQJH� 



PDOH� DQG� IHPDOH� SDWLHQWV� �S ������� �7DEOH�

��� 

9DULDEOHV 
0DOH��Q ��� 
0HGLDQ��,45� 

)HPDOH��Q ��� 
0HGLDQ��,45� 

=�VWDWLVWLFD S�YDOXHD 

6\PSWRPV�DQG�IHHOLQJV ������� ������� -���� ����� 

'DLO\�DFWLYLWLHV �������E �������E -���� ����� 

/HLVXUH �������E �������E -���� ����� 

:RUN�DQG�6FKRRO �������E �������E -���� ����� 

3HUVRQDO�UHODWLRQVKLS �������E �������E -���� ����� 

7UHDWPHQW �������E �������E -���� ����� 

7RWDO ��������E �������E -���� ����� 

D�0DQQ-:KLWQH\�7HVW���E�6NHZHG�WR�WKH�ULJKW�  �  
,45� �,QWHUTXDUWLOH�UDQJH� '/4,� �'HUPDWRORJ\�/LIH�4XDOLW\�,QGH[ 

9DULDEOHV Q 
'/4,�6FRUH� 
0HGLDQ��,45� 

;��VWDWLVWLF 
�GI�D 

S�YDOXHD 

$FQH�6FDU�JUDGLQJ 
��0DFXODU 
��0LOG 
��0RGHUDWH�6HYHUH 
 

 
�� 
�� 
�� 
 

 
�������E 
�������E 

��������E 

 

 
 
 

�������� 
 

 
 
 

����� 
 

D.UXVNDO-:DOOLV�WHVW��E�6NHZHG�WR�WKH�ULJKW�  � 

9DULDEOH Q 
0DOH� 
Q���� 

)HPDOH 
Q���� 

;��VWDWLVWLFD 
�GI� 

S�YDOXHD 

$FQH�VHYHULW\ 
���0LOG 
���0RGHUDWH�6HYHUH 

 
�� 
�� 

 
��������� 
�������� 

 
��������� 
��������� 

�������� ����� 

D&KL-VTXDUH�WHVW�IRU�LQGHSHQGHQFH� 

',6&866,21 

$FQH�YXOJDULV� LV�RIWHQ�FRQVLGHUHG�DV�D�VLPSOH�

GLVHDVH�RFFXUULQJ�GXULQJ�DGROHVFHQFH��+RZHY�

HU��LW�FDQ�FDXVH�LPSDLUPHQW�WR�RQH¶V�4R/�DQG�

FDQ� SURJUHVV� LQWR� DGXOWKRRG�� 2XU� VWXG\�

VKRZHG�WKDW�4R/�LQ�����RI�DFQH�SDWLHQWV�DW�

WHQGLQJ� WKH�GHUPDWRORJ\�FOLQLF� LQ�5,3$6�KRV�

SLWDO�ZDV�DIIHFWHG�WR�YDU\LQJ�GHJUHHV�ZKLFK�LV�

LQ� DJUHHPHQW� ZLWK� DQRWKHU� VLPLODU� VWXG\� LQ�

1LJHULD�����+RZHYHU��WKLV�VWXG\�XVHG�WKH�&DU�

GLII� $FQH� 'LVDELOLW\� ,QGH[� �&$',�� WR� DVVHVV�

4R/� DQG� ���� RI� WKH� UHVSRQGHQWV� KDG� WKHLU�

4R/�DIIHFWHG��0DQ\� VWXGLHV�KDYH� VKRZQ� WKDW�

DFQH�FDQ�LPSDFW�SDWLHQWV¶�4R/�SV\FKRORJLFDOO\�

GXH� WR� ORZ� VHOI-HVWHHP�� VHOI-HPEDUUDVVPHQW��

IHHOLQJV� RI� XQZRUWKLQHVV�� SK\VLFDOO\� GXH� WR�

V\PSWRPV�RI�DFQH��H�J��SDLQ�� LWFK��DQG�GDLO\�

URXWLQH�XVDJH�RI�WUHDWPHQWV������-�����-�� 

 

 2XU� VWXG\� IRXQG� WKDW� WKHUH� LV� LP�

SDLUHG� 4R/� ZLWK� D� PHDQ� '/4,� VFRUH� RI� ����

�PRGHUDWH�LPSDLUPHQW��ZKHUHDV�D�VWXG\�FDU�

ULHG�RXW�LQ�6DUDZDN��0DOD\VLD�VKRZHG�D�PHDQ�

'/4,� VFRUH� RI� ���� �PLOG� LPSDLUPHQW��� �� 7KH�

KLJKHU�PHDQ� '/4,� VFRUH� LQ� RXU� VWXG\�PLJKW�

EH�GXH�WR�WKH�H[FOXVLRQ�RI�DGROHVFHQWV�EHORZ�

��� \HDUV� ROG� DV� VHYHUDO� VWXGLHV� KDYH� VKRZQ�

WKDW�4R/�DUH�PRUH�DIIHFWHG�LQ�ROGHU�DFQH�SD�

WLHQWV��� 

 

 2XU� VWXG\� VKRZHG� ZHDN� FRUUHODWLRQ�

EHWZHHQ�4R/�DQG�WKH�GXUDWLRQ�RI�DFQH��+RZ�

HYHU�� D� VWXG\� IURP� ,UDQ� E\� 6DIL]DGHK� HW� DO��

/(,�HW�DO��%UXQHL�,QW�0HG�-������������������� 

7DEOH����&RPSDULVRQ�RI�'/4,�GRPDLQV�EHWZHHQ�PDOH�DQG�IHPDOH�SDWLHQWV�� 

7DEOH����$VVRFLDWLRQ�EHWZHHQ�DFQH�VFDU�JUDGLQJ�DQG�4R/�LQ�SDWLHQWV� 

7DEOH����&RPSDULVRQ�RI�DFQH�VHYHULW\�EHWZHHQ�PDOH�DQG�IHPDOH�SDWLHQWV� 



VKRZHG� WKDW� 4R/� LV� LQGHSHQGHQW� RI� GLVHDVH�

GXUDWLRQ�� �� 7KH� PHDQ� GXUDWLRQ� RI� DFQH� �����

\HDUV�� LQ� RXU� VWXG\� LV� ORQJHU� WKDQ� WKH� VWXG\�

E\�6DIL]DGHK�HW�DO�������\HDUV���7KLV�PLJKW�EH�

EHFDXVH�RXU�VWXG\� LQFOXGHG�SDWLHQWV�ZKR�DUH�

DERYH� ��� \HDUV� ROG� ZKR� DUH� PRUH� OLNHO\� WR�

KDYH�D�ORQJHU�GXUDWLRQ�RI�DFQH�� 

 

 ,QWHUHVWLQJO\�� SDWLHQWV� ZLWK� IDPLO\�

KLVWRU\� RI� DFQH� KDG� OHVV� LPSDLUPHQW� RI� 4R/�

FRPSDUHG� WR� WKRVH�ZLWKRXW� DOWKRXJK� WKH� GLI�

IHUHQFH�ZDV�QRW�VLJQLILFDQW��$�SRVVLEOH�H[SOD�

QDWLRQ�IRU�WKLV�LV�SHUKDSV�WKH�IDPLO\�LV�H[SHUL�

HQFLQJ�RU�KDG�H[SHULHQFHG�WKH�VDPH�SUREOHP�

DQG� KHQFH�� PD\� SURYLGH� PRUH� VXSSRUW� DQG�

DVVXUDQFH�WR�WKH�SDWLHQW�� 

 

 $QHFGRWDOO\��IHPDOHV�DUH�NQRZQ�WR�EH�

PRUH�FRQFHUQHG�DERXW�WKHLU�IDFLDO�DSSHDUDQFH�

WKDQ� PDOHV�� 'HVSLWH� WKDW�� WKH� ILQGLQJV� IURP�

WKLV� VWXG\� DV� ZHOO� DV� VHYHUDO� RWKHU� VWXGLHV�

KDYH�VKRZQ�WKDW�WKHUH�LV�QR�VLJQLILFDQW�GLIIHU�

HQFH� LQ� WKH� 4R/� EHWZHHQ� PDOH� DQG� IHPDOH�

DFQH�SDWLHQWV�����������7KLV�LV�LQ�FRQWUDVW�WR�WKH�

VWXG\� IURP� ,UDT� E\� ,VPDLO� HW� DO��� ZKLFK�

VKRZHG� WKDW� 4R/� LPSDLUPHQW� ZDV� ZRUVH� LQ�

IHPDOH�SDWLHQWV����� 

 

 ,W�ZRXOG�EH�ORJLFDO�WR�K\SRWKHVLVH�WKDW�

WKH� JUHDWHU� WKH� VHYHULW\� RI� DFQH�� WKH� PRUH�

LPSDFW�LW�KDV�RQ�WKH�4R/��)LQGLQJV�IURP�PDQ\�

VWXGLHV� UHPDLQ� LQFRQVLVWHQW� RQ� WKLV� K\SRWKH�

VLV��6RPH�VWXGLHV�KDYH�VKRZQ�WKDW�4R/�KDV�D�

VLJQLILFDQW�FRUUHODWLRQ�ZLWK�WKH�VHYHULW\�RI�DF�

QH����������������+RZHYHU��WKHUH�DUH�DOVR�VHYHUDO�

VWXGLHV� ZKLFK� KDYH� VKRZQ� RWKHUZLVH���� ���� ���

2XU� VWXG\� KDV� VKRZQ� WKDW� WKHUH� LV� D� ZHDN�

FRUUHODWLRQ� EHWZHHQ� 4R/� DQG� WKH� VHYHULW\� RI�

DFQH��7KH�ZHDN�FRUUHODWLRQ�PD\�LQGLFDWH�WKDW�

DFQH�VHYHULW\�EDVHG�RQ�DFQH� OHVLRQV� LWVHOI�GR�

QRW� UHIOHFW� WKH�RYHUDOO� LPSDFW�RI�DFQH�RQ� WKH�

SDWLHQW¶V� 4R/�� 2WKHU� VXEMHFWLYH� IDFWRUV� VXFK�

DV� LQGLYLGXDOV¶� WROHUDQFH�� IDPLO\� VXSSRUW�� DF�

FHSWDQFH� RI� WKH� GLVHDVH� DQG� VRFLDO� VWLJPD�

PD\�SOD\�D�SDUW�LQ�WKH�LPSDFW�RI�DFQH���� 

 

 2XU� VWXG\� VKRZHG� WKDW� WKH� PHGLDQ�

'/4,� VFRUH� LQFUHDVHV� ZLWK� DFQH� VFDUULQJ� VH�

YHULW\��+RZHYHU��WKH�GLIIHUHQFH�LV�QRW�VWDWLVWL�

FDOO\�VLJQLILFDQW�GXH�WR�WKH�VPDOO�VDPSOH�VL]H�

RI� HDFK� JURXS�� ,W� LV� LPSRUWDQW� WR� VWXG\� WKH�

HIIHFW�RI�DFQH�VFDU�RQ�WKH�4R/�EHFDXVH�VRPH�

SK\VLFLDQV� PD\� QRW� PDQDJH� WKH� VFDUV� XQWLO�

WKH�SDWLHQWV�FRPSODLQ�RI�WKHP� 

 

 ,Q�DGGLWLRQ��RXU�VWXG\�VKRZHG�QR�VLJ�

QLILFDQW�GLIIHUHQFH�EHWZHHQ� WKH�DFQH�VHYHULW\�

EHWZHHQ�PDOH�DQG�IHPDOH�SDWLHQWV��+RZHYHU��

D�VWXG\�GRQH�E\�1RRUEDOD�HW�DO��LQ�,UDQ��IRXQG�

WKDW�VHYHUH�DFQH�ZDV�VLJQLILFDQWO\�PRUH�FRP�

PRQ�DPRQJ�PDOHV�WKDQ�IHPDOHV������ 

 

 7KHUH� ZHUH� IHZ� OLPLWDWLRQV� LQ� RXU�

VWXG\�� ,W� LV� D� KRVSLWDO-EDVHG� VWXG\� RI� DFQH�

SDWLHQWV�LQ�D�WHUWLDU\�FDUH�FHQWUH��KHQFH�DFQH�

SDWLHQWV� IURP� SHULSKHUDO� FOLQLFV� ZHUH� QRW� LQ�

FOXGHG�� 7KLV� VWXG\� KDV� D� VPDOO� VDPSOH� VL]H�

GXH�WR�WKH�VKRUW�VWXG\�SHULRG��$OVR��RXU�VWXG\�

GLG�QRW� LQFOXGH�DGROHVFHQWV�XQGHU� WKH�DJH�RI�

���� ZKHUH� D� VLJQLILFDQW� SURSRUWLRQ� RI� DFQH�

FDVHV� ZRXOG� SUHVHQW�� 0RVW� SDWLHQWV� LQFOXGHG�

LQ� WKLV� VWXG\�KDG�EHHQ�RQ� WUHDWPHQW� LQGLFDW�

LQJ� WKDW� WKHLU�DFQH�PD\�KDYH� LPSURYHG��)XU�

WKHUPRUH�� WKH� TXHVWLRQQDLUH�PD\� LQYLWH� VXE�

MHFWLYH� UHVSRQVHV� IURP� WKH� SDWLHQWV� DQG�

WKUHVKROG� IRU� DIIHFWHG�4R/�PD\�YDU\� LQ� HDFK�

SDWLHQW�� 

 

 ,W�FDQ�EH�FRQFOXGHG�WKDW�DFQH�YXOJDULV�

GRHV�KDYH�D�PRGHUDWH� LPSDFW� RQ�4R/�DQG�D�

ZHDN� FRUUHODWLRQ� ZDV� IRXQG� EHWZHHQ� DFQH�

VHYHULW\�DQG�4R/��7KH�LPSDFW�RI�DFQH�YXOJDULV�

RQ�WKH�4R/�LQ�DFQH�SDWLHQWV�RI�%UXQHL�'DUXV�

VDODP� LV� QRW� OHVV� ZKHQ� FRPSDUHG� WR� RWKHU�

FRXQWULHV��7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�

LQ�4R/�DV�ZHOO�DV�DFQH�VHYHULW\� LQ�UHODWLRQ�WR�

JHQGHU�� $OWKRXJK� WKH� DVVRFLDWLRQ� EHWZHHQ�

VHYHULW\�RI�DFQH�VFDUV�DQG�4R/�ZHUH�SUHVHQW��

LW�ZDV�QRW�VLJQLILFDQW�� ,W� LV� LPSRUWDQW�WR�QRWH�

WKDW�DFQH�VXIIHUHUV�VKRXOG�VHHN�KHOS�DV�HDUO\�

DV� SRVVLEOH� IURP�KHDOWKFDUH� SURIHVVLRQDOV� IRU�

PDQDJHPHQW�RI�DFQH�VFDUV�DV�ZHOO�DV�UHGXFH�

DQ\�LPSDFW�RQ�SDWLHQW¶V�4R/�GXH�WR�DFQH� 

/(,�HW�DO��%UXQHL�,QW�0HG�-������������������� 



$&.12:/('*(0(176 
7KH� DXWKRU� ZRXOG� OLNH� WR� H[SUHVV� KLV� JUDWLWXGH� WR�
'U��+DMDK�6DEULQD��WKH�+HDG�RI�'HSDUWPHQW�RI�'HU�
PDWRORJ\� FOLQLF� LQ� 5,3$6� +RVSLWDO�� WKH� QXUVHV� LQ�
5,3$6� 'HUPDWRORJ\� &OLQLF�� FR-LQYHVWLJDWRU�� 'U��
3DQNDM�DV�ZHOO�DV�WKH�OHFWXUHUV�IURP�8QLYHUVLWL�%UX�
QHL�'DUXVVDODP�� 

5()(5(1&(6 

���5HLFK�$�� -DVLXN�%��6DPRWLM�'��7UDFLQVND�$��7U\�

EXFND� .�� 6]HSLHWRZVNL� -&�� $FQH� YXOJDULV�� ZKDW�

WHHQDJHUV� WKLQN� DERXW� LW�� 'HUPDWRORJ\� QXUVLQJ� ��

'HUPDWRORJ\�1XUVHV
�$VVRFLDWLRQ�� �����������-����

��� 

��� 6DIL]DGHK� +�� 6KDPVL-0H\PDQG\� 6�� 1DHLPL� $��

4XDOLW\�RI�OLIH�LQ�,UDQLDQ�SDWLHQWV�ZLWK�DFQH��'HUPD�

WRO�5HVHDUFK�3UDF�������������������� 

���<DS�)%��7KH�LPSDFW�RI�DFQH�YXOJDULV�RQ�WKH�TXDO�

LW\�RI�OLIH�LQ�6DUDZDN��0DOD\VLD��-�6DXGL�6RF�'HUPD�

WRO�'HUPDWROJLF�6XUJ�������������-��� 

���*KDGHUL�5��6DDGDWMRR�$��*KDGHUL�)��(YDOXDWLQJ�RI�

OLIH�TXDOLW\� LQ�SDWLHQWV�ZLWK�DFQH�YXOJDULV�XVLQJ�JH�

QHULF� DQG� VSHFLILF� TXHVWLRQQDLUHV�� 'HUPDWRO� 5H�

VHDUFK�3UDF������������������� 

���/DVHN�5-��&KUHQ�00��$FQH�YXOJDULV�DQG�WKH�TXDO�

LW\�RI� OLIH�RI�DGXOW�GHUPDWRORJ\�SDWLHQWV��$UFK�'HU�

PDWRO���������������-�� 

��� 7DVRXOD� (�� *UHJRULRX� 6�� &KDOLNLDV� -�� HW� DO�� 7KH�

LPSDFW�RI� DFQH�YXOJDULV� RQ�TXDOLW\� RI� OLIH� DQG�SV\�

FKLF�KHDOWK�LQ�\RXQJ�DGROHVFHQWV�LQ�*UHHFH��5HVXOWV�

RI�D�SRSXODWLRQ�VXUYH\��$QDLV�%UDVLOHLURV�GH�'HUPD�

WRORJLD��������������-�� 

���:LOOLDPV�+&��'HOODYDOOH�53��*DUQHU�6��$FQH�YXO�

JDULV��/DQFHW���������������-��� 

��� %DUDQNLQ� %�� 'H.RYHQ� -�� 3V\FKRVRFLDO� HIIHFW� RI�

FRPPRQ� VNLQ� GLVHDVHV�� &DQDGLDQ� )DP� 3K\VLFLDQ�

0HGHFLQ�GH�IDPLOOH�FDQDGLHQ��������������-�� 

��� +HEHUW� $$�� 7KH� LPSRUWDQFH� RI� HDUO\� GLDJQRVLV�

DQG� WUHDWPHQW� RI� DFQH�� $GY� 6WXGLHV� 0HG� ������

�����������-��� 

����-RQHV-&DEDOOHUR�0��&KUHQ�00��6ROHU�%��3HGURVD�

(��3HQDV�3)��4XDOLW\�RI�OLIH�LQ�PLOG�WR�PRGHUDWH�DF�

QH�� UHODWLRQVKLS� WR� FOLQLFDO� VHYHULW\� DQG� IDFWRUV� LQ�

IOXHQFLQJ�FKDQJH�ZLWK�WUHDWPHQW��-�(XUR�$FDG�'HU�

PDWRO�9HQHUHRO��-($'9��������������-��� 

���� )LQOD\� $<�� .KDQ�*.��'HUPDWRORJ\� /LIH�4XDOLW\�

,QGH[� �'/4,�--D� VLPSOH� SUDFWLFDO�PHDVXUH� IRU� URX�

WLQH�FOLQLFDO�XVH��&OLQ�([S�'HUPDWRO��������������-

�� 

����'RVKL�$��=DKHHU�$��6WLOOHU�0-��$�FRPSDULVRQ�RI�

FXUUHQW� DFQH� JUDGLQJ� V\VWHPV� DQG� SURSRVDO� RI� D�

QRYHO�V\VWHP��,QWHU�-�'HUPDWRO��������������-�� 

���� *RRGPDQ� *-�� %DURQ� -$�� 3RVWDFQH� VFDUULQJ�� D�

TXDOLWDWLYH�JOREDO�VFDUULQJ�JUDGLQJ�V\VWHP��'HUPD�

WRO�6XUJ��������������-��� 

���� 2JHGHJEH� ((�� +HQVKDZ� (%�� 6HYHULW\� DQG� LP�

SDFW�RI�DFQH�YXOJDULV�RQ� WKH�TXDOLW\�RI� OLIH�RI�DGR�

OHVFHQWV� LQ� 1LJHULD�� &OLQ� &RVPHWLF� ,QYHVWLJDWLRQDO�

'HUPDWRO�������������-��� 

���� 1RRUEDOD� 07�� 0R]DIIDU\� %1�� 0�� 3UHYDOHQFH� RI�

DFQH� DQG� LWV� LPSDFW� RQ� WKH� TXDOLW\� RI� OLIH� LQ� KLJK�

VFKRRO-DJHG� DGROHVFHQWV� LQ� <D]G�� ,UDQ�� -� 3DNLVWDQ�

$VVR�'HUPDWRO�������������������-��� 

����,VPDLO�.+��0RKDPPHG-$OL�.%��4XDOLW\�RI�OLIH�LQ�

SDWLHQWV�ZLWK� DFQH� LQ� (UELO� FLW\��+HDOWK� DQG�TXDOLW\�

RI�OLIH�RXWFRPHV�������������� 

����'R�-(��&KR�60��,Q�6,��/LP�.<��/HH�6��/HH�(6��

3V\FKRVRFLDO�DVSHFWV�RI�DFQH�YXOJDULV��$�FRPPXQLW\
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