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As a local resident I was concerned about potential health impacts of living in close proximity to a waste water treatment
plant. During my research I found the following article concluding that living with 2km proximity to a waste water treatment
plant favours the occurrence of gastrointestinal symptoms among local residents (Article in Polish Journal of
�E�n�v�i�r�o�n�m�e�n�t�a�l� �S�t�u�d�i�e�s� ÛÿÜ!� �J�a�n�u�a�r�y� �2�0�1�7� �D�O�I�:� �1�0�.�1�5�2�4�4�/�p�j�o�e�s�/�6�4�7�9�3�)� �s�e�e� �a�t�t�a�c�h�e�d� �.� �I� �h�o�p�e� �t�h�a�t� �t�h�e�s�e� �s�t�u�d�i�e�s� �c�o�u�l�d� �b�e
taken into account when considering the current application.
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,QWURGXFWLRQ

6HZDJH� WUHDWPHQW� SODQWV� SURWHFW� ZDWHU� UHVRXUFHV�
DJDLQVW� SROOXWDQWV� DQG� FRQVWLWXWH� DQ� LPSRUWDQW� FRP��

SRQHQW� RI� HQYLURQPHQWDO� SURWHFWLRQ�� 1HYHUWKHOHVV�� WKH�
SUHPLVHV� RI� VXFK� SODQWV� DFFXPXODWH� ERWK� FKHPLFDO�
FRQWDPLQDQWV� �LQFOXGLQJ� KHDY\� PHWDOV�� DURPDWLF�
K\GURFDUERQV��DQG�DURPDWLF�VROYHQWV��DV�ZHOO�DV�ELRORJLFDO�
FRQWDPLQDQWV� �YLUXVHV�� EDFWHULD�� IXQJL�� SDUDVLWHV�� DQG�
SURWR]RD��� ZKLFK� DUH� D� FRPPRQ� FDXVH� RI� GLVHDVHV��
LQFOXGLQJ� JDVWURLQ�WHVWLQDO� GLVRUGHUV� >�@�� 7KLV� SRVHV�
D� VHULRXV� HSLGHPLROR�JLFDO� WKUHDW�� HVSHFLDOO\� WR� WKH�
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$EVWUDFW

7KH�DLP�RI� WKLV� VWXG\�ZDV� WR� HYDOXDWH� WKH� LPSDFW�RI� D� VHZDJH� WUHDWPHQW�SODQW�RQ� WKH�RFFXUUHQFH�RI�
JDVWURLQWHVWLQDO�V\PSWRPV�DPRQJ�WKH�ORFDO�UHVLGHQWV��$�VXUYH\�ZDV�FRQGXFWHG�RQ�WZR�SRSXODWLRQV��RQH�IURP�
WKH�YLFLQLW\�RI�WKH�VHZDJH�WUHDWPHQW�SODQW��WKH�H[SRVHG�JURXS������SHRSOH���DQG�WKH�RWKHU�IURP�RXWVLGH�WKH�
LPSDFW�DUHD�RI�WKH�SODQW��WKH�FRQWURO�JURXS������SHRSOH���7KH�UHVHDUFK�DUHD�ZDV�GLYLGHG�LQWR�GLVWDQFH�]RQHV�
IURP� WKH�SODQW� �$��%��&���7KH�TXHVWLRQQDLUH� LQFOXGHG�TXHVWLRQV� DERXW� WKH�RFFXUUHQFH�RI� JDVWURLQWHVWLQDO�
GLVRUGHUV��&RPSDUHG�ZLWK�WKH�FRQWURO�JURXS��WKH�ORFDO�UHVLGHQWV�UHSRUWHG�PRUH�RIWHQ��QDXVHD��YRPLWLQJ��DQG�
IUHTXHQW�GLDUUKHD��2FFXUUHQFHV�RI�JDVWURLQWHVWLQDO�GLVRUGHUV�ZHUH�DVVRFLDWHG�ZLWK�DLU�SROOXWLRQ�E\�SDWKRJHQLF�
VWDSK\ORFRFFL��25a���DQG�RGRXUV��25� �������&O�������������HPLWWHG�E\�WKH�SODQW��DQG�DOVR�OLYLQJ�LQ�]RQH�
$�YV��]RQH�&��25� �������&,��������������XVH�RI�D�JDV�FRRNHU�LQ�KRXVHV��25� �������&,�������������DQG�WKH�
DJH�RI�WKH�UHVSRQGHQWV��������&,�������������7KH�VWXG\�VKRZHG�WKDW�DV�GLVWDQFH�IURP�WKH�SODQW�LQFUHDVHG��WKH�
LQFLGHQFH�RI�UHSRUWHG�JDVWURLQWHVWLQDO�GLVRUGHUV�GHFOLQHG��/LYLQJ�LQ�WKH�YLFLQLW\�RI�D�VHZDJH�WUHDWPHQW�SODQW�
IDYRXUV�WKH�RFFXUUHQFH�RI�JDVWURLQWHVWLQDO�V\PSWRPV�DPRQJ�WKH�ORFDO�UHVLGHQWV�

.H\ZRUGV�� HQYLURQPHQWDO�H[SRVXUH��JDVWURLQWHVWLQDO�GLVRUGHUV��KHDOWK��VHZDJH


H�PDLO��
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��� -DUHPNyZ�$���HW�DO�

HPSOR\HHV�RI�VXFK�SODQWV�ZKR�FRPH�LQ�GLUHFW�FRQWDFW�ZLWK�
VHZDJH�>�@��

7KH� VHZDJH� WUHDWPHQW�SURFHVV� LQYROYHV� WKH� HPLVVLRQ�
RI�RGRXUV�DQG�ELRORJLFDO�DJHQWV�LQ�WKH�IRUP�RI�ELRDHURVRO��
'HSHQGLQJ�RQ�WKH�GLUHFWLRQ�DQG�VWUHQJWK�RI�WKH�ZLQG��WKH�
VHDVRQ�RI�WKH�\HDU��DQG�WRSRJUDSK\�RI�WKH�DUHD�ZKHUH�WKH�
SODQW� LV� ORFDWHG�� WKH� HPLVVLRQ� RI� SROOXWDQWV� PD\� H[WHQG�
EH\RQG� WKH� SODQW� SUHPLVHV�� ZKLFK� DOVR� SRVHV� D� ULVN� RI�
H[SRVXUH�WR�WKH�UHVLGHQWV�OLYLQJ�LQ�WKH�YLFLQLW\�RI�WKH�SODQW�
>���@�� 3ROOXWDQWV� FDQ� JHW� LQWR� WKH� JDVWURLQWHVWLQDO� WUDFW��
LQLWLDWLQJ� LQÀDPPDWRU\� UHDFWLRQV� �H�J��� *UDP�QHJDWLYH�
EDFWHULD��VWDSK\ORFRFFL��DQG�HQGRWR[LQV��DQG�FRQVHTXHQWO\�
FDXVLQJ�GLVWXUEDQFHV�VXFK�DV�QDXVHD��YRPLWLQJ��GLDUUKHD��
DQG� DEGRPLQDO� SDLQ� >�@�� 'HSHQGLQJ� RQ� LQGLYLGXDO�
VXVFHSWLELOLW\�� RGRXUV� PD\� DOVR� FDXVH� JDVWURLQWHVWLQDO�
GLVRUGHUV�� DV� HYLGHQFHG�� IRU� H[DPSOH�� E\� WKH� VWXGLHV� RI�
$DWDPLOD�HW�DO��>�@��SHRSOH�ZLWK�KLJK�ROIDFWRU\�VHQVLWLYLW\�
UHSRUWHG�GLDUUKHD�PRUH�RIWHQ�WKDQ�WKH�RWKHU�UHVSRQGHQWV���
7KH�LPSDFW�RI�RGRXUV�RQ�WKH�RFFXUUHQFH�RI�JDVWURLQWHVWLQDO�
GLVRUGHUV� UHPDLQV� D� FRQWHQWLRXV� LVVXH� EHFDXVH� WKH�
XQGHUO\LQJ� PHFKDQLVPV� EHKLQG� VXFK� V\PSWRPV� DUH� QRW�
IXOO\�XQGHUVWRRG�>�@��

7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� HYDOXDWH� WKH� LPSDFW�
RI� D� VHZDJH� WUHDWPHQW� SODQW� RQ� WKH� RFFXUUHQFH� RI�
JDVWURLQWHVWLQDO� GLVRUGHUV� DPRQJ� WKH� ORFDO� SRSXODWLRQ��
6R�IDU�� WKH�LVVXH�RI�WKH�LPSDFW�RI�SROOXWLRQ�HPLWWHG�IURP�
WKH� VHZDJH� WUHDWPHQW� SODQW� RQ� WKH� JDVWURLQWHVWLQDO� WUDFW�
RI� QHDUE\� UHVLGHQWV� KDV� QRW� EHHQ� WKRURXJKO\� DQDO\VHG��
,QVWHDG��WKH�OLWHUDWXUH�IRFXVHV�RQ�RFFXSDWLRQDO�H[SRVXUH�>��
����@��-XVW�D�IHZ�VFLHQWLVWV��L�H���+HUU�HW�DO��>�@�DQG�$DWDPLOD�
HW�DO��>�@��KDYH�FRQGXFWHG�UHVHDUFK�RQ�WKH�KHDOWK�HIIHFWV�RI�
OLYLQJ�LQ�WKH�YLFLQLW\�RI�VXFK�SODQWV��+RZHYHU��QRERG\�KDG�
SUHYLRXVO\�DQDO\VHG�WKH�LPSDFW�RI�RGRXU�SROOXWDQWV�DV�ZHOO�
DV� PLFURELDO� SROOXWDQWV� HPLWWHG� IURP� VHZDJH� WUHDWPHQW�
SODQWV� RQ� WKH� LQFLGHQFH� RI� JDVWURLQWHVWLQDO� GLVRUGHUV�
DPRQJ�WKH�ORFDO�SRSXODWLRQ��'XH�WR�WKH�LQFUHDVLQJ�QXPEHU�
RI�VHZDJH�SODQWV�RSHUDWLQJ�LQ�3RODQG��WKH�SUREOHP�RI�SODQW�
SROOXWDQW�HPLVVLRQV�PD\�LQWHQVLI\��ZKLFK�PDNHV�WKH�DERYH�
LVVXH�YHU\�WRSLFDO�>�@��

0DWHULDO�DQG�0HWKRGV

&KDUDFWHULVWLF�RI�WKH�6HZDJH�
7UHDWPHQW�3ODQW

� 7KH� VWXG\�ZDV� FRQGXFWHG� LQ� WKH�YLFLQLW\�RI� WKH�
PHFKDQLFDO�ELRORJLFDO�VHZDJH�WUHDWPHQW�SODQW��:DVWHZDWHU�
WUHDWPHQW� IDFLOLWLHV� ZHUH� RQO\� SDUWLDOO\� KHUPHWLF� ±� LQ�
WKH� PHFKDQLFDO� SDUW�� ZLWKRXW� FODUL¿HUV� �SULPDU\� DQG�
VHFRQGDU\�� DQG� ELRUHDFWRUV�� ,Q� WKH� ELRORJLFDO� WUHDWPHQW�
SURFHVV�WKH�DFWLYDWHG�VOXGJH�PHWKRG�ZDV�XVHG�

6XUYH\�5HVHDUFK

$� UHYLHZ� RI� WKH� GRFXPHQWDWLRQ� RQ� WKH� FRQGLWLRQV�
H[LVWLQJ� DW� WKH� VLWH� RI� WKH� H[DPLQHG� PXQLFLSDO� VHZDJH�
WUHDWPHQW�SODQW�HQDEOHG�WKH�DXWKRUV�WR�GUDZ�XS�DQ�RULJLQDO�

VXUYH\�EDVHG�RQ�D�VXUYH\�XVHG�LQ�&(6$5�VWXGLHV��3+$5(�
&(6$5� 678'<� ±� LQWHUQDWLRQDO� VWXGLHV� RQ� FKLOGUHQ¶V�
UHVSLUDWRU\� V\VWHPV� LQ� WKH� FRXQWULHV� RI� &HQWUDO� (XURSH��
>��@��7KH�VXUYH\�TXHVWLRQV�FRQFHUQHG�SRWHQWLDO�V\PSWRPV�
DQG�GLVHDVHV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�FKDUDFWHULVWLF�RI�
WKH�FRPSRVLWLRQ�RI�ELRDHURVRO�IURP�D�VHZDJH�SODQW��³:KDW�
DUH� \RXU� FXUUHQW� GLVHDVHV� RU� JDVWURLQWHVWLQDO� GLVRUGHUV"´�
:H�DVNHG�DERXW�QDXVHD��YRPLWLQJ��DQG�IUHTXHQW�GLDUUKHD��
7KH�UHVSRQGHQWV�FRXOG�FKRRVH�IURP�WKH�IROORZLQJ�DQVZHUV��
<HV��PHGLFDO�RSLQLRQ��±�UHODWHG�WR�GLVHDVHV�GLDJQRVHG�E\�
D� GRFWRU�� <HV� �P\� RZQ� RSLQLRQ�� ±� FRQFHUQHG� DLOPHQWV�
VXIIHUHG�E\�WKH�UHVSRQGHQW�EXW�XQGLDJQRVHG�E\�D�GRFWRU��
DQG�1R�±�ODFN�RI�DLOPHQWV��7KH�TXHVWLRQQDLUH�DOVR�LQFOXGHG�
TXHVWLRQV�RQ�OLYLQJ�FRQGLWLRQV��W\SH�RI�UHVLGHQWLDO�EXLOGLQJ��
VRXUFH�RI�KHDWLQJ��XVH�RI�D�JDV�FRRNHU��SUHVHQFH�RI�SHWV�DW�
KRPH��LQGRRU�GDPSQHVV��VPRNLQJ�RI�FLJDUHWWHV�LQ�WKH�ÀDW��
DQG�H[SRVXUH�WR�FDU�IXPHV��

7KH� VXUYH\� ZDV� FRQGXFWHG� RQ� WZR� SRSXODWLRQV� RI�
UHVLGHQWV� IURP� QHLJKERXULQJ� YLOODJHV�� RQH� OLYLQJ� LQ� WKH�
YLFLQLW\� RI� WKH� H[DPLQHG� WUHDWPHQW� SODQW� �WKH� H[SRVHG�
JURXS��DQG�WKH�RWKHU�EHORQJLQJ�WR�WKH�VDPH�FRPPXQH�EXW�
OLYLQJ�RXWVLGH�WKH�LPSDFW�DUHD�RI�WKH�SODQW�DQG�FRQVWLWXWLQJ�
WKH� FRQWURO� JURXS�� 6XFK� D� FKRLFH� RI� ERWK� SRSXODWLRQV�
DOORZHG� IRU� WKH� HOLPLQDWLRQ� RI� SRWHQWLDO� FRQIRXQGHUV�
UHODWHG� WR� FOLPDWH�DQG�ZHDWKHU� FRQGLWLRQV�� HDWLQJ�KDELWV��
DQG� JHQHUDO� DLU� SROOXWLRQ� DURXQG� WKH� SODFH� RI� UHVLGHQFH��
7KH�DQDO\VHG�SRSXODWLRQV�GLG�QRW�GLIIHU�LQ�WKLV�UHJDUG��

7KH� HVWLPDWHG� VL]H� RI� WKH� VDPSOH�� ZLWK� NQRZOHGJH�
RI� WKH� DJH� VWUXFWXUH� RI� WKH� LQKDELWDQWV� �DSSUR[�� ��� RI�
FKLOGUHQ�DJHG������\HDUV� DQG�DSSUR[������RI� DGXOWV��RI�
ERWK� YLOODJHV�� ZLWK� WKH� SRSXODWLRQV� RI� DSSUR[LPDWHO\�
�������LQKDELWDQWV�LQ�WKH�LPSDFW�DUHD�DQG�������LQKDELWDQWV�
LQ� WHUULWRU\� QRW� LPSDFWHG� E\� WKH� SODQW�� DPRXQWHG� WR��
UHVSHFWLYHO\�� ���� DQG�����SHRSOH��7KH� VHOHFWLRQ�SURFHVV�
IRU�ERWK�JURXSV�ZDV�EDVHG�RQ� V\VWHPDWLF� VDPSOLQJ��7KH�
LQWHUYLHZHUV�VHOHFWHG�HYHU\���WK�ÀDW�IURP�DQ�DGGUHVV�OLVW�
�IURP�WKH�ORFDO�PXQLFLSDO�RI¿FH���

7KH� H[DPLQHG� SRSXODWLRQV� ZHUH� GLYLGHG� LQWR� WZR�
VXEJURXSV��DGXOWV��DJHG�������\HDUV��DQG�FKLOGUHQ��DJHG�
����� \HDUV��� 7KH� DQDO\VLV� H[FOXGHG� WHHQDJHUV� DQG� WKH�
HOGHUO\� GXH� WR� WKH� LQWURGXFWLRQ� RI� SRVVLEOH� FRQIRXQGHUV�
�GLVWXUEDQFHV� DVVRFLDWHG� ZLWK� DGROHVFHQFH� DQG� VHQLOH�
GLVHDVHV���

2XW�RI�WKH�������SHRSOH�ZKR�WRRN�SDUW�LQ�WKH�VWXG\��VL[�
LQGLYLGXDOV�ZHUH�UHMHFWHG�GXH�WR�QRQ�IXO¿OPHQW�RI�WKH�DJH�
UHTXLUHPHQWV��7KXV�� WKH�¿QDO�QXPEHU�RI� WKH� UHVSRQGHQWV�
ZDV�DV�IROORZV������SHRSOH�IURP�WKH�H[SRVHG�JURXS�DQG�
����SHRSOH�IURP�WKH�FRQWURO�JURXS��LQ�WRWDO�������SHRSOH���

)ROORZLQJ� WKH� FROOHFWLRQ� RI� DOO� VXUYH\V�� D� FRPSXWHU�
GDWDEDVH� ZDV� HVWDEOLVKHG� FRQWDLQLQJ� WKH� LQIRUPDWLRQ�
SURYLGHG�LQ�WKH�VXUYH\�SUHSDUHG�ZLWKLQ�WKH�IUDPHZRUN�RI�
WKH�SUHVHQW�HSLGHPLRORJLFDO�VWXG\�

)UHH�DQG�LQIRUPHG�FRQVHQW�RI�WKH�SDUWLFLSDQWV�RU�WKHLU�
OHJDO�UHSUHVHQWDWLYHV�ZDV�REWDLQHG��DQG�WKH�VWXG\�SURWRFRO�
ZDV�DSSURYHG�E\�WKH�%LRHWKLFV�&RPPLWWHH�RI�WKH�:URFODZ�
0HGLFDO�8QLYHUVLW\��:URFáDZ�� 3RODQG� �DSSURYDO� QR��.%�
����������



���,PSDFW�RI�D�6HZDJH�7UHDWPHQW���

2OIDFWRPHWULF�DQG�0LFURELRORJLFDO�7HVWV

2OIDFWRPHWULF� PHDVXUHPHQWV� ZHUH� SHUIRUPHG� LQ�
VXPPHU� DQG� ZLQWHU� DFFRUGLQJ� WR� *HUPDQ� 9',� �����
JXLGHOLQHV�>��@�DQG�FRYHUHG�DQ�DUHD�XS�WR�����NP�HDVW�RI�
WKH�VHZDJH� WUHDWPHQW�SODQW�DQG�����NP�QRUWKZHVW�RI� WKH�
SODQW��7KH�PHDVXUHPHQW�XQLW�ZDV�WKH�IUHTXHQF\�RI�RGRXUV��

0LFURELRORJLFDO�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�LQ�DOO�
VHDVRQV� �VXPPHU�� LQ� -XO\� ������ DXWXPQ�� LQ� 1RYHPEHU�
������ZLQWHU�� LQ�0DUFK������� DQG� VSULQJ� LQ�$SULO� ������
DQG� FRYHUHG� DQ� DUHD� XS� WR� ���� NP� IURP� WKH� H[DPLQHG�
VHZDJH� WUHDWPHQW� SODQW� �WKH� VDPSOLQJ� SODFHV�� ���� P��
����P�� ����P�� ����P�� ����P�� ����P�� ����P�� DQG� ����
P� ±� GLVWDQFHV� IURP� WKH� VHZDJH� WUHDWPHQW� SODQW��� 7KH�
WHVWV� LQFOXGHG� LQGLFDWRU� PLFURRUJDQLVPV� �SV\FKURSKLOLF�
DQG� PHVRSKLOLF� EDFWHULD�� 3VHXGRPRQDV� ÀXRUHVFHQV��
DFWLQRP\FHWHV��VWDSK\ORFRFFL��DQG�PRXOGV��LQ�DFFRUGDQFH�
ZLWK� WKH� DSSOLFDEOH� 3ROLVK� 6WDQGDUGV� >�����@� DQG� DOVR�
LQGLFDWRU� EDFWHULD� IURP� WKH� (QWHUREDFWHULDFHDH� IDPLO\��
7KH�H[DPLQDWLRQ�ZDV�SHUIRUPHG�XVLQJ�WKH�VHGLPHQWDWLRQ�
PHWKRG��3HWUL�GLVKHV����FP�GLDPHWHU��ZLWK�DQ�DSSURSULDWH�
DJDU�PHGLXP�IRU����PLQ�ZHUH�SODFHG�DW�D�KHLJKW�RI�����
FP�DERYH�JURXQG� OHYHO��7KHQ��GHSHQGLQJ�RQ� WKH� W\SH�RI�
PLFURRUJDQLVPV�DQG� WKH�XVHG�DJDU�PHGLXP�� WKH�VDPSOHV�
ZHUH�LQFXEDWHG�DW�������&�IRU�����GD\V�
±� 3V\FKURSKLOLF�EDFWHULD��DJDU�3&$�ZLWK�E[ENQJGZKOKFG��

���&����GD\V�
±� 0HVRSKLOLF� EDFWHULD�� DJDU� 3&$� ZLWK� E[ENQJGZKOKFG��

���&����GD\�
±� <HDVW�OLNH��6DERXUDXG�ZLWK�77&�����&������GD\V�
±� 0ROGV�� 6DERXUDXG� ZLWK� FKORUDPSKHQLFRO�� ���&�� ����

GD\V�
±� $FWLQRP\FHWHV��3RFKRQ�����&������GD\V�
±� 3VHXGRPRQDV�ÀXRUHVFHQV��.LQJ�%�F\NORKHNVDPLGHP��

��&����GD\V�RU����&������GD\V�
±� Į�� DQG� ��KDHPRO\WLF� VWDSK\ORFRFFL�� &ROXPELD� �� ���

VKHHS�EORRG�����&����GD\V�
±� 0DQQLWRO�SRVLWLYH� DQG� PDQQLWRO�QHJDWLYH� VWDSK\OR�

FRFFL��&KDSPDQ�����&������GD\V�
±� &ROLIRUPV��(VFKHULFKLD�FROL��(QGR�/(6��������&����GD\�

$IWHU� WKLV� WLPH� WKH� FRORQLHV�ZHUH� FRXQWHG� DQG� LGHQ�
WL¿HG��&RQFHQWUDWLRQV�RI�PLFURRUJDQLVPV�ZHUH�FDOFXODWHG�
DFFRUGLQJ� WR� 2PHOLDQVNL¶V� IRUPXOD�� PRGL¿HG� E\� *RJR�
EHULG]H�>��@�

ŗYJGTG�[�LV�WKH�DYHUDJH�QXPEHU�RI�PLFURRUJDQLVPV�SHU�
��P��DLU�>&)8�P�@��IURP�WKUHH�UHSHDWHG�PHDVXUHPHQWV���D�
LV�WKH�QXPEHU�RI�PLFURRUJDQLVPV�SHU�SODWH��ʌU��LV�WKH�SODWH�
VXUIDFH� �FP���� DQG� W� LV� H[SRVXUH� WLPH� �PLQ���7KH� DERYH�
IRUPXOD�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�ZLWKLQ���PLQXWHV�
WKH�VDPH�QXPEHU�RI�PLFURRUJDQLVPV�VHWWOHV�RQ�WKH�VXUIDFH�
RI�����FP��DV�LQ�WKH�DLU�YROXPH�����P���

7KH� REWDLQHG� GDWD� ZHUH� HQWHUHG� LQWR� WKH� FRPSXWHU�
GDWDEDVH��DVVLJQLQJ� WKHLU� ORFDWLRQ� WR� WKH�QHDUHVW�SODFH�RI�
UHVLGHQFH�RI�WKH�UHVSRQGHQWV��DGGUHVV�GDWD���

2OIDFWRPHWULF�WHVWV�VKRZHG�WKDW�WKH�LPSDFW�DUHD�RI�WKH�
H[DPLQHG�VHZDJH�WUHDWPHQW�SODQW�H[WHQGHG�XS�WR�����NP�
IURP�WKH�SODQW��ZLWK�WKH�KLJKHVW�DLU�SROOXWLRQ�UDWHV�UHFRUGHG�
ZLWKLQ�����NP�RI�LWV�ERXQGDU\��DFFRUGLQJ�WR�ROIDFWRPHWULF�
DQG�PLFURELRORJLFDO�WHVWV���2Q�WKH�EDVLV�RI�WKHVH�¿QGLQJV��
WKH� DUHD�DURXQG� WKH� VHZDJH� WUHDWPHQW�SODQW�ZDV�GLYLGHG�
LQWR�WKUHH�]RQHV��$��%��DQG�&��=RQH�$��KLJKHVW�DLU�SROOXWLRQ��
H[WHQGHG�XS�WR�����NP�IURP�WKH�SODQW��]RQH�%��DYHUDJH�DLU�
SROOXWLRQ��H[WHQGHG�IURP�����NP�WR�����NP�IURP�WKH�SODQW��
DQG� ]RQH�&� �FRQWURO� JURXS�� FRYHUHG� DQ� DUHD�RXWVLGH� WKH�
LPSDFW�UDJH�RI�WKH�SODQW��PRUH�WKDQ���NP�DZD\��

$W� WKH� WLPH� RI� FRQGXFWLQJ� WKH� VXUYH\V�� QHLWKHU� WKH�
UHVSRQGHQWV� QRU� WKH� LQWHUYLHZHUV� NQHZ� ZKLFK� ]RQHV�
FRUUHVSRQGHG�WR�LQGLYLGXDO�SDUWLFLSDQWV�

6WDWLVWLFDO�$QDO\VLV

6WDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�6WDWLVWLFD������
IRU�:LQGRZV�VRIWZDUH��7KH� LQFLGHQFH�RI�JDVWURLQWHVWLQDO�
GLVRUGHUV� DPRQJ� FKLOGUHQ� DQG� DGXOWV� ZDV� FRPSDUHG�
EHWZHHQ� WKH� H[DPLQHG� SRSXODWLRQV� �WKH� FRQWUROV�WKH�
H[SRVHG��DQG�ZLWK�UHVSHFW�WR�WKH�GLVWDQFH�IURP�WKH�VHZDJH�
WUHDWPHQW�SODQW��GLYLGHG�LQWR�]RQHV��$��%��DQG�&���)RU�WKLV�
SXUSRVH�� 3HDUVRQ¶V� FKL�VTXDUHG� WHVW�ZDV� SHUIRUPHG��7KH�
LPSDFW�RI�ULVN�IDFWRUV�RQ�WKH�LQFLGHQFH�RI�JDVWURLQWHVWLQDO�
GLVRUGHUV� �FRQ¿UPHG� E\� PHGLFDO� RSLQLRQ�� ZDV� DVVHVVHG�
XVLQJ� ORJLVWLF� UHJUHVVLRQ� DQDO\VLV� �VLQJOH�IDFWRU�PRGHO� ±�
PLFURRUJDQLVPV� DQG� RGRXUV��PXOWL�IDFWRU�PRGHO� ±� RWKHU�
ULVN� IDFWRUV���7KH�RGGV� UDWLRV� �25��ZHUH� DOVR� FDOFXODWHG�
ZLWK� WKH� FRUUHVSRQGLQJ� ���� FRQ¿GHQFH� LQWHUYDOV� �&,���
7KH� IROORZLQJ� ZHUH� FODVVL¿HG� DV� ULVN� IDFWRUV�� OLYLQJ� LQ�
]RQH�$�DV�RSSRVHG�WR�]RQH�&��$�YV��&���OLYLQJ�LQ�]RQH�%�
DV�RSSRVHG�WR�]RQH�&��%�YV�&���DJH��SHULRG�RI�UHVLGHQFH��
W\SH�RI� UHVLGHQWLDO�EXLOGLQJ��H[SRVXUH� WR� WREDFFR�VPRNH��
XVH� RI� D� JDV� FRRNHU�� W\SH� RI� KHDWLQJ�� LQGRRU� GDPSQHVV��
RZQHUVKLS�RI�SHWV��H[SRVXUH�WR�FDU�H[KDXVW�IXPHV��QXPEHU�
RI� FDUV� SDVVLQJ� E\� WKH� KRXVH��� KLJK� FRQFHQWUDWLRQV� RI�
PLFURRUJDQLVPV� LQ� WKH� DLU�� DQG� RGRXUV� �IUHTXHQF\� RI�
RGRXUV� LQ� VXPPHU� DQG� ZLQWHU��� 7KH� DGRSWHG� OHYHO� RI�
VWDWLVWLFDO�VLJQL¿FDQFH�ZDV�S������IRU�DOO�DQDO\VHV�

5HVXOWV

&KDUDFWHULVWLFV�RI�$LU�3ROOXWLRQ��0LFURRUJDQLVPV�
DQG�2GRXUV��DURXQG�WKH�([DPLQHG�6HZDJH�

7UHDWPHQW�3ODQW

:LWKLQ� ���� NP� RI� WKH� H[DPLQHG� VHZDJH� WUHDWPHQW�
SODQW�ZH� IRXQG�SDWKRJHQLF� VWDSK\ORFRFFL� �Į�KDHPRO\WLF��
ȕ�KDHPRO\WLF�� PDQQLWRO�SRVLWLYH�� DQG� PDQQLWRO�
QHJDWLYH�� 7DEOH� ���� 7KH� KLJKHVW� FRQFHQWUDWLRQV� ZHUH�
UHFRUGHG� IRU� ȕ�KDHPRO\WLF� VWDSK\ORFRFFL� ������ &)8�
P��� DQG� Į�KDHPRO\WLF� VWDSK\ORFRFFL� ����� &)8�P���� $W�
PRVW� PHDVXUHPHQW� SRLQWV� WKH� UHFRUGHG� VWDSK\ORFRFFL�
FRQFHQWUDWLRQV�H[FHHGHG�3ROLVK�VDIH�DLU�TXDOLW\�VWDQGDUGV�
�UHVSHFWLYHO\�!���DQG�!���&)8�P��>��@��

%\� FRQWUDVW�� FRQFHQWUDWLRQV� RI� PLFURRUJDQLVPV�
FRPPRQO\� IRXQG� LQ� WKH� HQYLURQPHQW� �3VHXGRPRQDV�



��� -DUHPNyZ�$���HW�DO�

ÀXRUHVFHQV�� SV\FKURSKLOLF� DQG� PHVRSKLOLF� EDFWHULD��
DFWLQRP\FHWHV��PROGV�� LQGLFDWHG�PRVWO\� ORZ� RU�PHGLXP�
OHYHOV� RI� DLU� SROOXWLRQ� DFFRUGLQJ� WR� 3ROLVK� VWDQGDUGV�
�UHVSHFWLYHO\�� ODFN�����������������������&)8�P��� >���
��@��

&RQFHQWUDWLRQV�RI�\HDVW�OLNH�IXQJL�UHPDLQHG�DW�D�OHYHO�
RI�������&)8�P���

1R�EDFWHULD�RI�IDHFDO�RULJLQ�ZHUH�IRXQG�LQ�WKH�DLU�RI�WKH�
DUHD�FRYHUHG�E\�PLFURELRORJLFDO�DQDO\VLV��

$FFRUGLQJ� WR� ROIDFWRPHWULF� WHVWV�� WKH� RGRXUV� HPLWWHG�
IURP�WKH�VHZDJH�WUHDWPHQW�SODQW�ZHUH�SHUFHSWLEOH�HYHQ�DW�
D�GLVWDQFH�RI�DSSUR[����NP�IURP�WKH�SODQW��7KH�UHFRUGHG�
IUHTXHQF\�RI�RGRXUV�ZDV�VLJQL¿FDQWO\�KLJKHU� LQ�VXPPHU�
�)LJ���D��WKDQ�LQ�ZLQWHU��)LJ���E���7KH�IUHTXHQF\�RI�RGRXUV�
FRPLQJ� IURP� WKH� SODQW� LQ� ]RQH�$� �FORVHVW� SUR[LPLW\� WR�
WKH�SODQW��UHDFKHG�XS�WR������LQ�VXPPHU���,Q�]RQH�%�WKH�
PHDVXUHG�IUHTXHQF\�RI�RGRXUV�UDQJHG�IURP����DW�WKH�HQG�
RI�]RQH�%�WR������LQ�VXPPHU��DW�WKH�ERXQGDU\�RI�H[SRVXUH�
]RQHV�$� DQG� %�� ,Q� WKH� DUHD� RI� UHVLGHQFH� RI� WKH� FRQWURO�
JURXS�� WKH� IUHTXHQF\�RI�RGRXUV� UHDFKHG�XS� WR������7KH�
PHDVXUHG� RGRXU� UDWHV� FRUUHODWHG�ZLWK� GLVWDQFH� IURP� WKH�
VHZDJH�WUHDWPHQW�SODQW��WKH�IUHTXHQF\�RI�RGRXUV�GHFUHDVHG�
DV�WKH�GLVWDQFH�IURP�WKH�SODQW�LQFUHDVHG��)LJ������

6WXG\�3RSXODWLRQ

7KH� FKDUDFWHULVWLFV� RI� WKH� H[DPLQHG� SRSXODWLRQ��
GLYLGHG�LQWR�WKH�FRQWURO�JURXS�DQG�WKH�H[SRVHG�JURXS��DUH�
VKRZQ�LQ�7DEOH����,Q�ERWK�VXESRSXODWLRQV�WKHUH�LV�D�VLPLODU�
QXPEHU�RI�PHQ�DQG�ZRPHQ��,Q�WKH�FRQWURO�JURXS�DQG�WKH�
H[SRVHG� JURXS� WKH� FKLOGUHQ� DFFRXQW� IRU�� UHVSHFWLYHO\��
������DQG��������ZKHUHDV�WKH�DGXOWV�DFFRXQW�IRU�������

DQG� ������� $PRQJ� SHRSOH� FODVVL¿HG� WR� WKH� LQGLYLGXDO�
]RQHV��WKH�VPDOOHVW�SHUFHQWDJH�RI�UHVSRQGHQWV�FRQVLVWHG�RI�
LQKDELWDQWV�RI�]RQH�$��������]RQH�%��������DQG�]RQH�&��
�������

0RVW� SHRSOH� IURP� WKH� H[SRVHG� JURXS� OLYH� LQ� EORFNV�
RI� ÀDWV�ZLWK� FHQWUDO� KHDWLQJ�� ZKHUHDV� WKH� FRQWURO� JURXS�
LV� GRPLQDWHG� E\� UHVLGHQWV� RI� VLQJOH�IDPLO\� KRXVHV��ZKR�
XVH�GLIIHUHQW�W\SHV�RI�KHDWLQJ��JDV�VWRYH��FRDO�VWRYH��DQG�
¿UHSODFH���&RPSDUHG�WR�WKH�FRQWURO�JURXS��D�SUHGRPLQDQW�
SHUFHQWDJH� RI� SHRSOH� IURP� WKH� H[SRVHG� JURXS� VPRNH� DW�
KRPH��2Q�WKH�RWKHU�KDQG��SHW�RZQHUV�ZHUH�PRVWO\�SHRSOH�
IURP�RXWVLGH� WKH�DUHD� LPSDFWHG�E\� WKH�VHZDJH� WUHDWPHQW�
SODQW��FRQWURO�JURXS���1R�GLIIHUHQFHV�ZHUH�IRXQG�EHWZHHQ�
WKH� H[DPLQHG� SRSXODWLRQV� LQ� WHUPV� RI� LQGRRU� GDPSQHVV�
DQG�H[SRVXUH�WR�FDU�H[KDXVW�IXPHV��

*URXS�'LYLVLRQ��&RQWURO�([SRVHG

&RPSDUHG� WR� WKH� FRQWURO� JURXS�� D� SUHGRPLQDQW�
SHUFHQWDJH�RI� FKLOGUHQ� IURP� WKH�H[SRVHG�JURXS� UHSRUWHG�
QDXVHD� DQG� YRPLWLQJ��$OVR�� DPRQJ� DGXOW� LQKDELWDQWV� RI�
WKH�LPSDFW�DUHD�WKHUH�ZHUH�VLJQL¿FDQWO\�PRUH�RFFXUUHQFHV�
RI�QDXVHD�DQG�IUHTXHQW�GLDUUKRHD�FRPSDUHG�WR�WKH�FRQWURO�

7DEOH� ��� &RQFHQWUDWLRQV� RI� PLFURRUJDQLVLPVD� �PLQLPXP�
PD[LPXP��LQ�WKH�DLU�LQ�WKH�YLFLQLW\�RI�D�VHZDJH�WUHDWPHQW�SODQW�
�XS�WR�����NP�IURP�WKH�SODQW��

0LFURRUJDQLVPV
&RQFHQWUDWLRQV�LQ�WKH�DLU�>&)8�P�@
0HDQ 0LQ� 0D[�

SV\FKURSKLOLF�EDFWHULD ���� ��� ����

PHVRSKLOLF�EDFWHULD ���� �� ����

DFWLQRP\FHWHV �� � ���

Į�KDHPRO\WLF�
VWDSK\ORFRFFL� ��� �� ���

ȕ�KDHPRO\WLF�
VWDSK\ORFRFFL �� � ����

PDQQLWRO�SRVLWLYH�
VWDSK\ORFRFFL ��� � ���

PDQQLWRO�QHJDWLYH�
VWDSK\ORFRFFL �� � ���

PROGV ���� ��� ����

\HDVW�OLNH�IXQJL ��� � ���
DFRQFHQWUDWLRQV�RI�PLFURRUJDQLVPV�GHWHUPLQHG�LQ�WKUHH�
UHSHDWHG�PHDVXUHPHQWV
0HDVXUHPHQW�SHULRGV��VXPPHU��-XO\�������DXWXPQ��
1RYHPEHU�������ZLQWHU��0DUFK�������DQG�VSULQJ��$SULO�����

)LJ�����7KH�LQFLGHQFH�RI�RGRXUV�LQ�GLVWDQFH�]RQHV�LQ�WKH�VXPPHU�
D��DQG�LQ�WKH�ZLQWHU�E��



���,PSDFW�RI�D�6HZDJH�7UHDWPHQW���

JURXS�� 7KH� LQGLFDWHG� V\PSWRPV� ZHUH� FRQ¿UPHG� E\�
PHGLFDO�GLDJQRVLV�DV�ZHOO�DV� LQGHSHQGHQW�RSLQLRQ�RI� WKH�
UHVSRQGHQWV��)LJV��D�E���

=RQH�'LYLVLRQ��$��%��DQG�&

$PRQJ� FKLOGUHQ�� VLJQL¿FDQW� GLIIHUHQFHV� EHWZHHQ� WKH�
]RQHV�FRQFHUQHG�WKH�SUHYDOHQFH�RI�QDXVHD��YRPLWLQJ��DQG�
IUHTXHQW� GLDUUKRHD�� 7KH� DERYH�PHQWLRQHG� V\PSWRPV��
FRQ¿UPHG� E\� PHGLFDO� GLDJQRVLV�� GRPLQDWHG� LQ� ]RQH�$��
DQG� WKHLU� UHSRUWDELOLW\� GHFUHDVHG� DV� WKH� GLVWDQFH� IURP�
VHZDJH�WUHDWPHQW�SODQW�LQFUHDVHG��)LJ���D���7KH�VLWXDWLRQ�
ZDV�VLPLODU�ZLWK�UHJDUG�WR�DGXOWV��EXW�RQO\�LQ�WKH�FDVH�RI�
YRPLWLQJ� ZHUH� WKHUH� QR� VLJQL¿FDQW� GLIIHUHQFHV� UHSRUWHG�
EHWZHHQ�WKH�H[DPLQHG�]RQHV��

+RZHYHU�� DFFRUGLQJ� WR� DQ� LQGHSHQGHQW� RSLQLRQ� RI�
WKH�UHVSRQGHQWV��V\PSWRPV�VXFK�DV�QDXVHD�DQG�YRPLWLQJ�
LQ� FKLOGUHQ�� DQG� RQO\� QDXVHD� LQ� DGXOWV�� DSSHDUHG� PRVW�
IUHTXHQWO\�LQ�]RQH�%��)LJ���E���

7KH�,PSDFW�RI�0LFURELDO�DQG�2GRURXV�3ROOXWLRQ�
RQ�WKH�,QFLGHQFH�RI�*DVWURLQWHVWLQDO�'LVRUGHUV�

,Q� RUGHU� WR� H[DPLQH� WKH� HIIHFWV� RI� PLFURELDO� DLU�
SROOXWLRQ� RQ� WKH� UHSRUWHG� JDVWURLQWHVWLQDO� GLVRUGHUV� LQ� W�
KH� LPPHGLDWH� YLFLQLW\� RI� WKH� VHZDJH� WUHDWPHQW� SODQW��
�]RQH� $��� WKH� RFFXUUHQFH� RI� VXFK� GLVWXUEDQFHV� ZDV�
FRPSDUHG� EHWZHHQ� UHVSRQGHQWV� H[SRVHG� WR� FRQ��
FHQWUDWLRQV�RI�PLFURRUJDQLVPV�H[FHHGLQJ�3ROLVK�DLU�TXDOLW\�
VWDQGDUGV� �WRWDO� EDFWHULD� !������&)8�P��� DFWLQRP\FHWHV�

7DEOH����&KDUDFWHULVWLFV�RI�WKH�VWXG\�SRSXODWLRQ�

&KDUDFWHULVWLFV

&RQWURO��1D� �����
&+�����
$������

([SRVHG��1� �����
&+�����
$�����

QE �F Q �

6H[

)HPDOH
&+G

�� ���� �� ����

0DOH �� ���� �� ����

)HPDOH
$H

��� ���� ��� ����

0DOH ��� ���� ��� ����

([SRVXUH�WR�WREDFFR�VPRNH�LQ�WKH�ÀDW�
�PLVVLQJ���

&+ �� ���� �� ����

$ �� ���� ��� ����

/LYLQJ�LQ�EORFNV�RI�ÀDWV
&+ �� ���� ��� ����

$ �� ���� ��� ����

8VH�RI�JDV�FRRNHU
&+ ��� ���� �� ����

$ ��� ���� ��� ����

+HDWLQJ��FHQWUDO�KHDWLQJ��
�PLVVLQJ����

&+ �� ���� ��� ����

$ ��� ���� ��� ����

'DPSQHVV�LQ�WKH�ÀDW��PLVVLQJ���
&+ �� ���� �� ����

$ �� ��� �� ����

2ZQHUVKLS�RI�SHWV��PLVVLQJ���
&+ �� ���� �� ����

$ ��� ���� ��� ����

([SRVXUH�WR�FDU�IXPHV��PLVVLQJ���
&+ �� ���� �� ����

$ ��� ���� ��� ����

=RQH�$
&+ � � �� ����

$ � � �� ����

=RQH�%
&+ � � ��� ����

$ � � ��� ����

=RQH�&
&+ ��� ���� � �

$ ��� ���� � �
DDOO�UHVSRQGHQWV�IURP�VWXGLHG�SRSXODWLRQ������EQXPEHU�RI�UHVSRQGHQWV�������FSURSRUWLRQ�RI�UHVSRQGHQWV������GFKLOGUHQ�������\HDUV�
HDGXOWV��������\HDUV�
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!����&)8�P���Į�KDHPRO\WLF�VWDSK\ORFRFFL�DQG�PDQQLWRO�
SRVLWLYH� VWDSK\ORFRFFL� !��� &)8�P��� ȕ�KDHPRO\WLF�
VWDSK\ORFRFFL� DQG� PDQQLWRO�QHJDWLYH� VWDSK\ORFRFFL� !���
&)8�P���DQG�WKH�FRQWURO�JURXS��

$PRQJ� WKH� DQDO\VHG� PLFURRUJDQLVPV�� RQO\�
Į�KDHPRO\WLF� VWDSK\ORFRFFL� �25� � ������&,� ������������
DQG� PDQQLWRO�SRVLWLYH� VWDSK\ORFRFFL� �25�  � ������ &,�
������������KDG�D�VLJQL¿FDQW� LPSDFW�RQ� WKH� LQFLGHQFH�RI�
JDVWURLQWHVWLQDO�GLVRUGHUV�DPRQJ�LQKDELWDQWV�RI�]RQH�$��

7KH� UHVHDUFK� KDV� DOVR� VKRZQ� WKDW� WKH� LQFLGHQFH� RI�
JDVWURLQWHVWLQDO�GLVRUGHUV�LQ�WKH�LPPHGLDWH�YLFLQLW\�RI�WKH�
VHZDJH� WUHDWPHQW� SODQW� �]RQH�$��ZDV� FORVHO\� DVVRFLDWHG�
ZLWK�H[SRVXUH� WR�RGRXUV�� LVVXHG�E\� WKH�SODQW� LQ� VXPPHU�
�25� �������&,��������������%\�FRQWUDVW��RGRXU�HPLVVLRQV�
LQ�ZLQWHU�KDG�QR�LPSDFW�RQ�WKH�LQFLGHQFH�RI�WKH�LQGLFDWHG�
V\PSWRPV�DPRQJ�WKH�UHVSRQGHQWV��6LPLODUO\��LQ�WKH�FDVH�RI�
]RQH�%�LQKDELWDQWV�QR�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�WKH�
UHSRUWHG� JDVWURLQWHVWLQDO� GLVRUGHUV� DQG� RGRXU� HPLVVLRQV�
�HLWKHU�LQ�VXPPHU�RU�ZLQWHU��IURP�WKH�SODQW�

7KH�,PSDFW�RI�'LIIHUHQW�5LVN�)DFWRUV�
RQ�WKH�,QFLGHQFH�RI�*DVWURLQWHVWLQDO�'LVRUGHUV�

$PRQJ�WKH�5HVSRQGHQWV

7KH�PRGHO�VKRZQ�LQ�7DEOH���ZDV�XVHG�WR�DQDO\VH�WKH�
LPSDFW�RI�FRH[LVWLQJ��SRWHQWLDO�KHDOWK�ULVNV�RQ�WKH�LQFLGHQFH�
RI� JDVWURLQWHVWLQDO� FRQGLWLRQV� DPRQJ� DOO� UHVSRQGHQWV�
�PXOWLIDFWRULDO� DQDO\VLV��� 7KH� UHSRUWHG� JDVWURLQWHVWLQDO�
GLVRUGHUV� GHSHQGHG� WR� D� VLJQL¿FDQW� GHJUHH� RQ�� SODFH� RI�
UHVLGHQFH�LQ�]RQH�$�UHODWLYH�WR�]RQH�&��RQ�WKH�ERUGHU�RI�
VWDWLVWLFDO� VLJQL¿FDQFH��� DJH� RI� WKH� UHVSRQGHQWV�� DQG� XVH�
RI�D�JDV�FRRNHU��,Q�WKH�FDVH�RI�RWKHU�IDFWRUV��QR�FRUUHODWLRQ�
ZDV�IRXQG�ZLWK�WKH�UHSRUWHG�JDVWURLQWHVWLQDO�GLVRUGHUV�

$�VWUDWL¿HG�PRGHO�IRU�FKLOGUHQ�LV�SUHVHQWHG�LQ�7DEOH���
DQG�IRU�DGXOWV�LQ�7DEOH����7KH�RFFXUUHQFH�RI�JDVWURLQWHVWLQDO�
GLVRUGHUV� DPRQJ� FKLOGUHQ� ZDV� VLJQL¿FDQWO\� DVVRFLDWHG�
ZLWK�WKH�XVH�RI�D�JDV�FRRNHU�DQG�KDYLQJ�SHWV��)RU�DGXOWV��
WKH�W\SH�RI�D�UHVLGHQWLDO�EXLOGLQJ�KDG�D�VLJQL¿FDQW�LPSDFW�
RQ�UHSRUWHG�V\PSWRPV�

'LVFXVVLRQ

%RWK� PLFURELRORJLFDO� DQG� ROIDFWRPHWULF� WHVWV� VKRZ�
WKDW�WKH�DUHD�RI�JUHDWHVW�DLU�SROOXWLRQ�H[WHQGHG�WR�����NP�
IURP� WKH� H[DPLQHG� VHZDJH� WUHDWPHQW� SODQW�� 7KLV� LV�
FRQVLVWHQW� ZLWK� WKH� UHVXOWV� RI� VWXGLHV� SXEOLVKHG� E\�
*HUPDQ�UHVHDUFKHUV��ZKR�UHSRUWHG�KLJK�FRQFHQWUDWLRQV�RI�
PLFURRUJDQLVPV� �!����&)8�P��� DV� IDU� DV������NP�DZD\�
IURP� WKH� DQDO\VHG� FRPSRVWLQJ� SODQW� >�@�� 2Q� WKH� RWKHU�
KDQG��$OEUHFKW� HW� DO�� >�@�GHPRQVWUDWHG� WKDW� HPLVVLRQV�RI�
PLFURELRORJLFDO� SROOXWDQWV� PD\� DOVR� H[WHQG� EH\RQG� ����
NP��HYHQ�XS�WR���������NP��IURP�WKH�SODQW�GHSHQGLQJ�RQ�
WKH� ZHDWKHU� FRQGLWLRQV�� WRSRJUDSK\�� SURFHVV� WHFKQRORJ\�
RI� WKH� SODQW�� DQG� WKH� PHWKRGV� RI� FRQWURO� RI� SROOXWDQW�
HPLVVLRQV��7KH�KLJKHVW�FRQFHQWUDWLRQV�RI�PLFURRUJDQLVPV�
UHSRUWHG� E\� WKHP� FRQFHUQHG� DFWLQRP\FHWHV� DQG�
WKHUPRWROHUDQW� IXQJL�� %\� FRQWUDVW�� WKH� UHVXOWV� RI� RXU�
UHVHDUFK�LQGLFDWH�WKDW�WKH�PRVW�GDQJHURXV�DLU�FRQWDPLQDQWV�
ZHUH�VWDSK\ORFRFFL��Į�KDHPRO\WLF�DQG�PDQQLWRO�SRVLWLYH���
ZKRVH� FRQFHQWUDWLRQV� VLJQL¿FDQWO\� H[FHHGHG� VDIH� DLU�
TXDOLW\�VWDQGDUGV�>�����@��7KH�SUHVHQFH�RI�VWDSK\ORFRFFL�
LQ�RXWGRRU�DLU�VDPSOHV�LV�D�QDWXUDO�SKHQRPHQRQ�EHFDXVH�
WKH\� EHORQJ� WR� HQYLURQPHQWDO� EDFWHULD�� KRZHYHU�� WKHLU�
HOHYDWHG� FRQFHQWUDWLRQV� DUH� GDQJHURXV� WR� KXPDQ� KHDOWK�
DQG�PD\�LQGLFDWH�WKH�SUHVHQFH�RI�DQ�DQWKURSRJHQLF�HPLWWHU�
�H�J���D�VHZDJH�WUHDWPHQW�SODQW��>��@��2Q�WKH�RWKHU�KDQG��
WKH�PLFURRUJDQLVPV�FRPPRQO\�IRXQG�LQ�WKH�HQYLURQPHQW�
GLG�QRW�FRQVWLWXWH�D�KHDOWK�ULVN�IRU�WKH�H[DPLQHG�SRSXODWLRQ�
EHFDXVH� WKHLU� FRQFHQWUDWLRQV� ZHUH� ZLWKLQ� WKH� UDQJH�
VKRZLQJ� ORZ� RU� PHGLXP� DLU� SROOXWLRQ�� &RPSDUHG� ZLWK�
OLWHUDWXUH�GDWD��WKHLU�QXPEHU�ZDV�ORZHU�WKDQ�LQ�WKH�YLFLQLW\�
RI�VLPLODU�VHZDJH�WUHDWPHQW�SODQWV�>��@�

,Q�WKH�OLWHUDWXUH�WKHUH�DUH�IHZ�VWXGLHV�WKDW�DQDO\VH�WKH�
IUHTXHQF\�RI�RGRXUV�DURXQG�VXFK�SODQWV��$FFRUGLQJ�WR�RXU�
UHVHDUFK�� WKH�HPLVVLRQ�RI�RGRXUV�H[WHQGHG�XS� WR�DSSUR[��
��NP�IURP� WKH�SODQW�� FRYHULQJ�D� UDQJH� IURP�����LQ� WKH�
]RQH�DGMDFHQW� WR� WKH�SODQW� �]RQH�$�� WR����DW� WKH�HQG�RI�
]RQH�%��2GRXUV�ZHUH�DOVR�SHUFHLYHG�LQ�WKH�]RQH�LQKDELWHG�

)LJ�� ��� 6WDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFHV� RI� JDVWURLQWHVWLQDO�
GLVRUGHUV� LQ� FKLOGUHQ� DQG� DGXOWV� EHWZHHQ� WKH� FRQWURO� DQG� WKH�
H[SRVHG�JURXS��D��±�³<HV��PHGLFDO�RSLQLRQ�´��E��±�³<HV��P\�RZQ�
RSLQLRQ�´��$OO�SUHVHQWHG�GDWD��S������

)LJ�� ��� 6WDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFHV� RI� JDVWURLQWHVWLQDO�
GLVRUGHUV� LQ� FKLOGUHQ� DQG� DGXOWV� E\� GLVWDQFH� ]RQH� �D�� ±� ³<HV�
�PHGLFDO�RSLQLRQ�´��E��±�³<HV��P\�RZQ�RSLQLRQ�´���S������]RQH�
$�YV�]RQH�%�YV�]RQH�&��PDUNHG�DV�³D´���S��������]RQH�$�YV�]RQH�
%�DQG�]RQH�$�YV�]RQH�&��PDUNHG�DV�³E´��



���,PSDFW�RI�D�6HZDJH�7UHDWPHQW���

E\� WKH� FRQWURO� JURXS��ZKHUH� WKHLU� IUHTXHQF\� UHDFKHG� XS�
WR������7KHLU�VRXUFH�FRXOG�EH�ORFDO� OLYHVWRFN�IDUPV��%\�
ZD\�RI�FRPSDULVRQ��*HUPDQ�WHVW�UHVXOWV�RI�DLU�SROOXWLRQ�LQ�
WKH�YLFLQLW\�RI�D�FRPSRVWLQJ�SODQW�GHPRQVWUDWH�WKDW�RGRXU�
ZDV�SHUFHSWLEOH�XS� WR�DSSUR[������P� IURP� WKH�SODQW��$W�
WKLV�GLVWDQFH��WKH�IUHTXHQF\�RI�RGRXU�SHUFHSWLRQ�ZDV����
����>�@��

,Q� WKLV� VWXG\� WKHUH�ZDV� DQ� LQFUHDVH� LQ� WKH� LQFLGHQFH�
RI� JDVWURLQWHVWLQDO� GLVRUGHUV� LQ� WKH� H[SRVHG� JURXS�
FRPSDUHG� WR� WKH�FRQWURO�JURXS�� ,Q� WKH�JURXS�RI�FKLOGUHQ�
WKLV� FRQFHUQHG� QDXVHD� DQG� YRPLWLQJ�� ZKHUHDV� LQ� DGXOWV�
LW� FRQFHUQHG� QDXVHD� DQG� IUHTXHQW� GLDUUKRHD��$OO� RI� WKH�
UHSRUWHG� DLOPHQWV�� FRQ¿UPHG� E\� PHGLFDO� GLDJQRVLV��
FRUUHODWHG� ZLWK� WKH� GLVWDQFH� IURP� WKH� VHZDJH� WUHDWPHQW�
SODQW��7KH\�DSSHDUHG�PRVW�IUHTXHQWO\�LQ�]RQH�$��JUDGXDOO\�
GHFUHDVLQJ�ZLWK�LQFUHDVLQJ�GLVWDQFH�IURP�WKH�SODQW��2QO\�
LQ� WKH� FDVH� RI� LQGHSHQGHQW� RSLQLRQ� RI� WKH� UHVSRQGHQWV�
GLG� QDXVHD� DQG� YRPLWLQJ� GRPLQDWH� LQ� ]RQH� %�� 7KH�
UHVXOWLQJ�GLIIHUHQFHV�PD\�DULVH�IURP�WKH�IDFW� WKDW�QRW�DOO�
JDVWURLQWHVWLQDO� GLVRUGHUV� ZHUH� GLDJQRVHG� E\� D� PHGLFDO�
SURIHVVLRQDO�� VRPH� RI� WKH� V\PSWRPV� ZHUH� WUHDWHG� ZLWK�
KRPH� UHPHGLHV�� $� FRUUHODWLRQ� EHWZHHQ� WKH� LQFLGHQFH�
RI� JDVWURLQWHVWLQDO� V\PSWRPV� DQG� WKH� GLVWDQFH� IURP� WKH�
WUHDWPHQW� SODQW� ZDV� FRQ¿UPHG� E\� *HUPDQ� VWXGLHV� >�@��
ZKLFK� DQDO\VHG� WKH� LPSDFW� RI� SROOXWDQWV� HPLWWHG� IURP� D�
FRPSRVWLQJ� SODQW� RQ� WKH� KHDOWK� RI� QHDUE\� UHVLGHQWV��2Q�
WKH�RWKHU�KDQG�� DFFRUGLQJ� WR�)LQQLVK� UHVHDUFKHUV�� GXH� WR�

WHFKQLFDO�GLYHUVLW\�RI�WKH�¿YH�DQDO\VHG�VHZDJH�WUHDWPHQW�
SODQWV�� QR� FRUUHODWLRQ� ZDV� IRXQG� EHWZHHQ� WKH� UHSRUWHG�
JDVWURLQWHVWLQDO�GLVRUGHUV�DQG�WKH�GLVWDQFH�IURP�WKH�SODQW�
>�@��

7KH� V\PSWRPV� UHSRUWHG� E\� WKH� UHVSRQGHQWV� DUH�
FRQVLVWHQW� ZLWK� JDVWURLQWHVWLQDO� GLVRUGHUV� DOVR� RFFXUULQJ�
DPRQJ�HPSOR\HHV�RI�VHZDJH�WUHDWPHQW�SODQWV��$FFRUGLQJ�
WR� D� VWXG\� E\� $EG� (O�:DKDE� HW� DO��� FRPSDUHG� WR� WKH�
XQH[SRVHG� JURXS�� WKH� HPSOR\HHV� UHSRUWHG� VLJQL¿FDQWO\�
PRUH� IUHTXHQWO\�� GLDUUKRHD�� YRPLWLQJ�� DEGRPLQDO� FROLFV��
DQG�G\VSHSVLD��LQ�RXU�VWXG\�ZH�GLG�QRW�DVN�WKH�UHVSRQGHQWV�
DERXW� DEGRPLQDO� FROLFV�� G\VSHSVLD�� >�@�� $EGRPLQDO�
SDLQ� PD\� EH� WKH� UHVXOW� RI� GLUHFW� FRQWDFW� ZLWK� VHZDJH��
DQG� WKHUHIRUH� H[SRVXUH� WR� DGHQRYLUXVHV�� URWDYLUXVHV��
QRURYLUXVHV�� HQWHURYLUXVHV�� DQG� WKH� +HOLFREDFWHU� S\ORUL�
EDFWHULXP� >��@�� 6LPLODU� UHVXOWV� ZHUH� DOVR� REWDLQHG� E\�
'XWFK� UHVHDUFKHUV�� DFFRUGLQJ� WR� ZKRP� VHZDJH� SODQW�
HPSOR\HHV� UHSRUWHG� JDVWURLQWHVWLQDO� V\PSWRPV� �QDXVHD��
YRPLWLQJ�� GLDUUKRHD�� DQG� ORVV� RI� DSSHWLWH�� DSSUR[��
WZLFH� DV� RIWHQ� DV� RI¿FH�ZRUNHUV� >��@��7KH� VLPLODULW\� RI�
UHSRUWHG� V\PSWRPV� EHWZHHQ� UHVLGHQWV� RI� DUHDV� DGMDFHQW�
WR� WKH� VHZDJH� SODQW� DQG� WKH� HPSOR\HHV� RI� VXFK� SODQWV�
GHPRQVWUDWHV� FRPSDUDEOH� H[SRVXUH� WR� VHZDJH� SROOXWLRQ��
7KLV�LV�DOO�WKH�PRUH�LPSRUWDQW�VLQFH�WKH�HPSOR\HHV�FRPH�
LQ� GLUHFW� FRQWDFW� ZLWK� VHZDJH�� WKHUHIRUH� PLFUREHV� PRVW�
FRPPRQO\�VSUHDG�YLD� WKH�JDVWURLQWHVWLQDO� WUDFW�ZKLOH� WKH�
KHDOWK�ULVNV�RI�SHRSOH�OLYLQJ�LQ�WKH�YLFLQLW\�RI�WKH�VHZDJH�

7DEOH����2GGV�UDWLRV��25��DQG�����FRQ¿GHQFH�LQWHUYDOV��&,��IRU�
UHSRUWHG�JDVWURLQWHVWLQDO�GLVRUGHUV� UHODWLYH� WR� WKH� ULVN� IDFWRUV�±�
WKH�ZKROH�SRSXODWLRQ��1D� ���������5�
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7\SH�RI�KHDWLQJ�LQ�WKH�
KRXVH ���� ��������� Q�V

3UHVHQFH�RI�PRLVWXUH�LQ�WKH�
KRXVH ���� ��������� Q�V
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��� -DUHPNyZ�$���HW�DO�

SODQW�DUH�UHODWHG�WR�WKHLU�H[SRVXUH�WR�ELRDHURVROV�LQ�WKH�DLU�
�WKH�DLU�GURSOHW�WUDQVPLVVLRQ�URXWH��

7KH� V\PSWRPV� UHSRUWHG� E\� WKH� UHVSRQGHQWV� IURP�
]RQH� $� ZHUH� FORVHO\� DVVRFLDWHG� ZLWK� H[SRVXUH� WR� WKH�
KLJKHVW� FRQFHQWUDWLRQ� RI� VWDSK\ORFRFFL� �Į� ±� KDHPRO\WLF��
25� � ������&,� ����������� DQG�PDQQLWRO�SRVLWLYH��25� �
������ &,� ������������ LQ� WKH� DLU�� 2I� WKHVH� EDFWHULD�� H�J���
6WDSK\ORFRFFXV�DXUHXV� LV� UHVSRQVLEOH� IRU� WKH�RFFXUUHQFH�
RI�JDVWURLQWHVWLQDO�GLVRUGHUV��QDXVHD��YRPLWLQJ��GLDUUKRHD��
DQG� DEGRPLQDO� SLQW�� ±�PRVWO\� DV� D� UHVXOW� RI� FRQVXPLQJ�
FRQWDPLQDWHG� IRRG�� +RZHYHU�� VRPHWLPHV� WKH� DERYH�
V\PSWRPV�DUH�FDXVHG�E\�H[SRVXUH�WR�KLJK�FRQFHQWUDWLRQV�
RI�VWDSK\ORFRFFL�LQ�WKH�DLU��$Q�LQÀDPPDWRU\�UHDFWLRQ�WDNHV�
SODFH��ZKRVH�PDLQ�V\PSWRP�LV�D�ULVH�LQ�ERG\�WHPSHUDWXUH��
ZKLFK� LV� W\SLFDOO\� DFFRPSDQLHG� E\� UHVSLUDWRU\� DQG�RU�
JDVWURLQWHVWLQDO�SUREOHPV�>��@��2QH�86�VWXG\�UHSRUWHG�D�
PLQRU�LQFUHDVH�LQ�WKH�SUHYDOHQFH�RI�GUXJ�UHVLVWDQW�VWUDLQV�
RI�6WDSK\ORFRFFXV�DXUHXV� LQ� WKH�QDVDO�FDYLW\�DQG�RQ� WKH�
VNLQ�RI�HPSOR\HHV�LQ�FRQWDFW�ZLWK�VHZDJH�FRPSDUHG�WR�WKH�
FRQWURO�JURXS��KRZHYHU�� WKLV� LQGLFDWHV� WKH�H[LVWHQFH�RI�D�
UHDO�KHDOWK�ULVN�DVVRFLDWHG�ZLWK�WKH�HPLVVLRQ�RI�SDWKRJHQV�
>��@�

/DFN� RI� LPPXQRORJLFDO� WHVWLQJ� DPRQJ� WKH� UHVLGHQWV�
OLYLQJ�LQ�WKH�YLFLQLW\�RI�WKH�VHZDJH�WUHDWPHQW�SODQW�ZKLFK�
ZRXOG�FRQ¿UP�WKH�REWDLQHG�UHODWLRQVKLS�EHWZHHQ�H[SRVXUH�
WR�SDWKRJHQLF�VWDSK\ORFRFFL�DQG�UHSRUWHG�V\PSWRPV�ZDV�D�
OLPLWDWLRQ�RI�RXU�VWXG\��EXW�WKLV�LV�D�JRRG�VWDUW�WR�IXUWKHU�
UHVHDUFK�

,Q� WKH� SUHVHQW� VWXG\� ZH� DOVR� QRWLFHG� D� FRUUHODWLRQ�
EHWZHHQ� WKH� UHSRUWHG� JDVWURLQWHVWLQDO� GLVRUGHUV� DPRQJ�
WKH� LQKDELWDQWV� RI� WKH� LPPHGLDWH� YLFLQLW\� RI� WKH� VHZDJH�
WUHDWPHQW� SODQW� �]RQH� $�� DQG� WKH� H[SRVXUH� WR� RGRXUV�
HPLWWHG� IURP� WKH� SODQW� LQ� VXPPHU� �25�  � ������ &,��
������������� 7KLV� LV� LQ� OLQH� ZLWK� VWXGLHV� FDUULHG� RXW� E\�
$DWDPLOD�HW�DO��>�@��DFFRUGLQJ�WR�ZKLFK�SHRSOH�VHQVLWLYH�WR�
XQSOHDVDQW�VPHOOV�KDG�D�KLJKHU�LQFLGHQFH�RI�GLDUUKRHD�WKDQ�
WKH�RWKHU�UHVSRQGHQWV��2Q�WKH�RWKHU�KDQG��WKH�LQFLGHQFH�RI�
QDXVHD�DQG�YRPLWLQJ�GLG�QRW�GHSHQG�RQ�HLWKHU�VHQVLWLYLW\�
RU�ROIDFWRU\�LUULWDELOLW\��+RZHYHU��*HUPDQ�VWXGLHV�FRQ¿UP�
D� FRUUHODWLRQ� EHWZHHQ� D� IHHOLQJ� RI� QDXVHD� DQG� RGRXU�
QXLVDQFH�>��@�

7KH� PHFKDQLVPV� RI� LQLWLDWLRQ� RI� JDVWURLQWHVWLQDO�
GLVRUGHUV�E\�RGRXUV�KDYH�QRW�\HW�EHHQ� IXOO\�XQGHUVWRRG��
$FFRUGLQJ�WR�+HUU�>��@�� WKH� LQFLGHQFH�RI�QDXVHD�PD\�EH�
DVVRFLDWHG� ZLWK� H[SRVXUH� WR� WKH� RGRXU� RI� GHFRPSRVLQJ�
RUJDQLF� PDWHULDO�� ZKLFK� LV� H[SODLQHG� E\� DQ� DVVRFLDWLYH�
HIIHFW� EHWZHHQ� DQ� XQSOHDVDQW� VPHOO� DQG� WKH� SODFH� RI� LWV�
RULJLQ� �H�J��� IDHFHV�� URWWHQ� OHIWRYHUV�� HWF���� 2GRXUV� PD\�
DOVR� LUULWDWH�RUJDQV�� UHVXOWLQJ� LQ�DEGRPLQDO�SDLQ��QDXVHD��
DQG� GLDUUKRHD�� ,Q� SHRSOH� FKDUDFWHULVHG� E\� ROIDFWRU\�
K\SHUVHQVLWLYLW\��06&���PXOWLSOH�FKHPLFDO�VHQVLWLYLW\���WKH�
RFFXUUHQFH�RI�VXFK�V\PSWRPV�FDQ�DOVR�EH�RI�SV\FKRJHQLF�
QDWXUH��IHDU�RI�WKH�HIIHFW�RI�RGRXUV��LQGLYLGXDO�V\PSWRPDWLF�
UHVSRQVH�WR�D�VWLPXOXV��>�@��

*DVWURLQWHVWLQDO�GLVRUGHUV�PD\�DOVR�RFFXU�DV�D�UHVXOW�RI�
H[SRVXUH�WR�HQGRWR[LQV��ZKLFK�DUH�RIWHQ�UHFRUGHG�ZLWKLQ�
VXFK� SODQWV��$FFRUGLQJ� WR� 5\ODQGHU� >�@�� HQGRWR[LQV� FDQ�
EH�GHSRVLWHG�LQ�WKH�JDVWURLQWHVWLQDO�WUDFW��WKXV�VWDUWLQJ�DQ�
LQÀDPPDWRU\� UHVSRQVH� LQ� WKH� LQWHVWLQDO� PXFRVD�� ZKLFK�
FDXVHV�JDVWURLQWHVWLQDO�V\PSWRPV�VXFK�DV�DEGRPLQDO�SDLQ�
DQG�GLDUUKRHD��7KH�UHVXOWV�RI�D�'XWFK�UHVHDUFK�VWXG\�VXJJHVW�
WKDW�ZKHQ�HQGRWR[LQ�FRQFHQWUDWLRQ�LQ�WKH�DLU�UDQJHG�IURP�
�������(8�P���WKH�ULVN�RI�GLDUUKRHD�DPRQJ�VHZDJH�SODQW�
HPSOR\HHV�ZDV�DSSUR[LPDWHO\�����WLPHV�KLJKHU�WKDQ�LQ�WKH�
XQH[SRVHG�JURXS�>��@��$OVR��'DQLVK�UHVHDUFKHUV�IRXQG�WKDW�
WKH�ULVN�RI�H[SHULHQFLQJ�JDVWURLQWHVWLQDO�GLVRUGHUV��QDXVHD�
DQG�GLDUUKRHD��LQFUHDVHG�ZLWK�LQFUHDVHG�FRQFHQWUDWLRQ�RI�
HQGRWR[LQV�LQ�WKH�DLU�>��@��,Q�WKH�SUHVHQW�VWXG\��ZH�GLG�QRW�
PHDVXUH�WKH�FRQFHQWUDWLRQ�RI�HQGRWR[LQV�LQ�WKH�DLU��ZKLFK�
XQGRXEWHGO\�LV�D�OLPLWDWLRQ��KRZHYHU��JLYHQ�WKH�LQFUHDVHG�
LQFLGHQFH� RI� UHSRUWHG� JDVWURLQWHVWLQDO� GLVRUGHUV� LQ� WKH�
H[SRVHG�JURXS� DV� FRPSDUHG� WR� WKH� FRQWURO� JURXS�� LW� FDQ�
EH� DVVXPHG� WKDW� WKH� FDXVH� RI� WKHLU� RFFXUUHQFH�ZDV� DOVR�
H[SRVXUH�WR�HQGRWR[LQV�HPLWWHG�IURP�WKH�VHZDJH�WUHDWPHQW�
SODQW��

$PRQJ� WKH� FR�RFFXUULQJ� KHDOWK� ULVNV�� OLYLQJ� LQ�
]RQH� $� ZDV� DVVRFLDWHG� ZLWK� D� KLJKHU� SUREDELOLW\� RI�
JDVWURLQWHVWLQDO�GLVRUGHUV�FRPSDUHG�WR�WKH�FRQWURO�JURXS��
7KLV� FDQ� EH� H[SODLQHG� E\� WKH� UHVXOWV� RI�PLFURELRORJLFDO�
DQG�ROIDFWRPHWULF�PHDVXUHPHQWV��DFFRUGLQJ�WR�ZKLFK�WKLV�
ZDV�WKH�DUHD�ZLWK�WKH�KLJKHVW�SROOXWLRQ�UDWHV��7KH�UHVXOWV�
RI�VWXGLHV�E\�+HUU�>�@�DOVR�VKRZ�WKDW�OLYLQJ�DW�D�GLVWDQFH�
RI� XS� WR� DSSUR[LPDWHO\� ���� NP� IURP� WKH� FRPSRVWLQJ�
SODQW� �EDFWHULD� FRQFHQWUDWLRQ� LQ� WKH� DLU� !���� &)8�P���
ZDV� DVVRFLDWHG� ZLWK� D� VLJQL¿FDQW� ULVN� RI� RFFXUUHQFH� RI�
JDVWURLQWHVWLQDO�GLVRUGHUV�

7DEOH� ���2GGV� UDWLRV� �25�� DQG� ���� FRQ¿GHQFH� LQWHUYDOV� �&,���
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