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$UWLFOH�UHFHLYHG �������������������5HYLVHG�������������������$FFHSWHG������������

$%675$&7
7KH�VRXUFH�RI�PRVW�FRPPRQ�FKURQLF�FRQGLWLRQ DWWULEXWHG�WR�KLJK�EORRG�SUHVVXUH RU�K\SHUWHQVLRQ��ZKLFK�DIIHFW�DERXW
���±����RI�WKH�DGXOW�PDOHV�DQG�IHPDOH¶V SRSXODWLRQ� 7KH SUHVHQW�VWXG\�LV�DLPHG�WR�GHWHUPLQH�WKH�DVVRFLDWLRQ��RI�
DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH�JHQRW\SH ZLWK�,UDTLV¶ K\SHUWHQVLYH�SDWLHQWV� 7KH�VWXG\�ZDV�FDUULHG�RXW�RQ����,UDTL�
SDWLHQWV�KDYLQJ�K\SHUWHQVLRQ�DQG����KHDOWK\�VXEMHFWV�DV�FRQWURO��%ORRG�VDPSOHV�ZHUH�FROOHFWHG�IURP�ERWK�SDWLHQWV�
DQG�WKH�KHDOWK\�VXEMHFWV� '1$�IURP�WKH�SDWLHQWV�DQG�FRQWURO VSHFLPHQV�ZHUH�LVRODWHG��'HWHFWLQJ�RI�$&(�LQVHUWLRQ�
GHOHWLRQ�JHQRW\SH ZDV�GRQH� E\ SRO\PHUDVH� FKDLQ� UHDFWLRQ��7KH� UHVXOWV VKRZ�DVVRFLDWLRQ�EHWZHHQ�$&(�JHQRW\SH�
ZLWK� K\SHUWHQVLRQ ''� JHQRW\SH� ZDV� LQFUHDVH� LQ SDWLHQWV WKDQ� FRQWURO�� 7KH� SUHVHQW� VWXG\� UHSRUWHG� WKH� UHODWLRQ
EHWZHHQ DQJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH�JHQRW\SH�DPRQJ ,UDTLV¶�K\SHUWHQVLYH�SDWLHQWV�

.H\ZRUGV� HVVHQWLDO�K\SHUWHQVLRQ���$&(�,�'�� ,UDTLV¶�K\SHUWHQVLYH�SDWLHQWV�

,1752'8&7,21�
+\SHUWHQVLRQ� UHSUHVHQWV� D� VHYHUH SXEOLF� KHDOWK�

SUREOHP� LQ� ,UDT�� ,W� LV� RQH� RI� WKH�PDLQ FRQWULEXWRU\�
IDFWRUV� IRU� KHDUW� DWWDFNV� DQG� VWURNH� WKDW� IRXQG WKH�
PDLQ� FDXVHV� RI�PRUWDOLW\� LQ� WKH� FRXQWU\ �%RUOD\�� HW�
DO�� ������5XNDYLQD�0LNXVLF��HW�DO�� ������

,Q� ,UDT�� WKH� SUHYDOHQFH� RI� KLJK� EORRG� SUHVVXUH�
DPRQJ� WKH� DGXOW� SRSXODWLRQ� ���� \HDUV� DQG� DERYH��
DQG�WKH�XVH�RI�PHGLFDWLRQ�WR�FRQWURO�LW��ZDV�IRXQG�WR�
EH� ��� LQ� ���� �:+2�� ������ 5HFRUG ���±�� ���
K\SHUWHQVLRQ� LV� LGLRSDWKLF� DQG� DFWXDOO\ DOO� W\SHV�
�HVVHQWLDO� DQG� VHFRQGDU\� K\SHUWHQVLRQ�� DUH�
UHVSRQVLEOH�IRU�NLGQH\�DQG�KHDUW�GLVHDVHV �&DUUH�WHUR
HW� DO�� �������*HQHV� DUH� UHVSRQVLEOH� DERXW �� ��RI�
K\SHUWHQVLRQ�� KRZHYHU�� WKH UROH� RI JHQH�HQY�
LURQPHQW�LQWHUDFWLRQV�DQG�JHQH�JHQH�LQWHUDFWLRQV�VWLOO
LQGHILQLWH �=KX�HW�DO�� ������(KUHW���������7KH�UHQLQ�
DQJLRWHQVLQ� V\VWHP� FRQWUROV VRGLXP� KRPHR�VWDVLV
DQG�EORRG�SUHVVXUH �.RQRVKLWD���������$QJ�LRWHQVLQ�
FRQYHUWLQJ� HQ]\PH� LV� UHVSRQVLEOH� IRU� IRU�PLQJ� RI�
DQJLRWHQVLQ� ,,� IURP� DQJLRWHQVLQ� ,� DQG� DOVR�
GHDFWLYDWLQJ EUDG\NLQLQ�� 7KHUH� LV� D� ���ES $OX� UHS�
HDW LQVHUWLRQ�GHOHWLRQ� �,�'�� SRO\PRUSKLVP LQ� WKH�
$QJLRWHQVLQ� FRQYHUWLQJ� HQ]\PH JHQH� SUHGLFWV� WKH
KDOI�OLIH $&(� LQ� WKH� VHUXP �5LJDW HW� DO�� �������
([SHFWLQJ WKH� HIIHFW� RI� D� FHUWDLQ DQWLK\SHUWHQVLYH�
PHGLDWRU LQ� SHUVRQV LV� D� SUREOHPDWLF WDVN�� 7R� RYH�
UZKHOP WKLV� SUREOHP�� LQYHVWLJDWRUV DUH� SUHVHQWO\
VWXG\LQJ ZKLFK� JHQHV� LPSDFW WKH� UHVSRQG WR� GLIIH�
UUHQW DQWLK\SHUWHQVLYH� PHGLFDWLRQ �7DYHUQH HW� DO��
�������6HYHUDO VWXGLHV�KDYH�VWXGLHG WKH�HIIHFW�RI�WKH�
LQVHUWLRQ� DQG� GHOHWLRQ� JHQH� SRO\PRUSKLVP� RI�
DQJLRWHQVLQ� FRQYHUWLQJ� HQ]\PH JHQH RQ� EORRG� SUH�
VVXUH UHVSRQVH� LQ� SDWLHQWV� VXIIHULQJ� IURP KHDUW
GLVHDVH� WUHDWHG ZLWK� $&(� LQKLELWRUV� �$&(,V��
�+HUPLGD� HW� DO��� ����� $UQHWW� HW� DO��� ������� 6RPH
UHVHDUFKHUV IRXQG WKDW�WKH�GHOHWLRQ DOOHOH�KDYH ELJJHU�
HIIHFW� LQ� ORZHULQJ� EORRG� SUHVVXUH �6FKHOOH�PDQ� HW�

DO�� ����� &KXQJ�HW�DO�� �������ZKLOH�D�IHZ�UHYLVLRQV
IDLOHG� WR� ILQG WKH� UHODWLRQVKLS EHWZHHQ� DQJLRWHQVLQ�
FRQYHUWLQJ�HQ]\PH JHQRW\SH�DQG GUR�SSLQJ WKH�KLJK�
EORRG� SUHVVXUH� �<X� HW� DO�� ������ 6FKHOOHPDQ HW� DO��
�������7KH�SUHVHQW�VWXG\�ZDV SODQQHG�IRU GHWHFWLRQ
WKH� DVVRFLDWLRQ EHWZHHQ� KLJK� EORRG� SUHVVXUH DQG�
DQJLRWHQVLQ�FRQYHUWLQJ�HQ]�\PH JHQH�SRO\PRUSKLVP
LQ�K\SHUWHQVLYH�,UDTL SDWLHQWV��

0$7(5,$/6�$1'�0(7+2'6
7KLUW\ ,UDTL� SDWLHQWV� VXIIHULQJ� IURP� K\SHUWHQVLRQ
ZHUH� FKRRVLQJ� LQ� WKLV� VWXG\��ZKLOH� LQ� YLVH� YHUVD� RI
KHDOWK\�VXEMHFWV�DV�FRQWURO��%RWK�JURXSV�ZHUH�WDNHQ�
EORRG� VDPSOHV�� DQG� WKH� KHDOWK\� VXEMHFWV� E\� YHLQ�
SXQFWXUH� WKHQ�����PO�RI� EORRG�ZHUH� WUHDWHG�ZLWK LQ�
('7$� DQWLFRDJXODQW� WXEHV� DQG� NHSW� LQ� ����&�� 7KH�
'1$� H[WUDFWLRQ� IURP� ZKROH� WKH� EORRG� XVLQJ�
5HOLD3UHS� %ORRG� *HQRPLF� 0LQLSUHS� 6\VWHP� IURP�
�3URPHJD�� 86$�� DFFRUGLQJ� WR� PDQXIDFWXUHU�
LQVWUXFWLRQ�� WKHQ� LW� HOHFWURSKRUHVLV� ZDV� SHUIRUPHG�
XQGHU�HOHFWULFDO�SRZHU������YROW��IRU����PLQXWHV�DQG�
��� YROWV IRU� �� KRXU� E\� XVLQJ� $JDUR 3RZHU��
LQVWUXPHQW� �%LRQHHU�� .RUHD�� DQG� SKRWR
G� E\� JHO�
GRFXPHQWDWLRQ�V\VWHP��

'HWHFWLQJ� RI� $&(� LQVHUWLRQ� GHOHWLRQ� SRO\PHU�
SKLVP�ZDV�FDUULHG�RXW�E\�SRO\PHUDVH FKDLQ�UHDF�WLRQ�
XVLQJ�WKH�VDPH�VSHFLILF SULPHUV�XVHG�E\�'HHSLND HW�
DO���������

3&5�UHDFWLRQV�IRU� WKH�KHDOWK\�VXEMHFWV�DV�ZHOO�
DV SDWLHQWV�ZHUH GRQH XVLQJ�*2�7DT�*UHHQ�PDVWHU
PL[��3URPHJD��86$���XVLQJ D�ILQDO�UHDF�WLRQ�YROXPH�
��� ȝOKDYLQJ�� �ȝO� RI� ERWK� IRUZDUG� DQG� UHYHUVH�
SULPHUV�� ��ȝO�RI� WKH�'1$��3&5�DPSOLILFD�WLRQ�ZDV�
SHUIRUPHG� LQ� D� $SSOLHG� ELRV\VWHP� WKHU�PRF\FOHU�
ZLWK� VDPH FRQGLWLRQ�RI�'HHSLND HW�DO�� ��������3&5
SURGXFWV�ZHUH�VHSHUDWHG RQ����DJDU�RVH�JHO�ZLWK�WKH�
XVH�RI����ES�'1$�ODGGHU�+���*HQHGLUH[��.RUHD��DV�
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D� VL]H� PDUNHU� DQG� SKRWR
G E\ JHO� GRFXPHQWDWLRQ�
V\VWHP��

5(68/76�$1'�',6&866,21
3UHVHQFH� RI� EDQGV� ZLWK� VL]H� RI� ���� ES� RQO\�

VKRZV� WKH KRPR]\JRXV� JHQRW\SH� RI LQVHUWLRQ� �,,
JHQRW\SH��� EDQGV� ZLWK� VL]H� ���ES RQO\� VKRZV� WKH
KRPR]\JRXV� JHQRW\SH� RI GHOHWLRQ �'' JHQRW\SH���
ZKLOH WKH�SUHVHQFH�RI�����DQG����ES�EDQG�WRJHW�KHU�
SRLQW�WR�KHWHUR]\JRXV�JHQRW\SH �,'�JHQRW\SH��
7KH� 3&5� DPSOLILFDWLRQ� UHVXOWV� LQ� GLIIHUHQW� SDWWHUQV�
RI� ''�� ,'�� DQG� ,,� JHQH� SRO\PRUSKLVP� IRU ERWK
SDWLHQWV� EHVLGHV WKH� KHDOWK\� VXEMHFW� WKHVH� SDWWHUQV
UHSUHVHQWHG�LQ�)LJXUH���DQG WDEOH���

)LJXUH� ��� 3URILOH� JHO� HOHFWURSKRUHVLV� RI� 3&5� SURGXFW�
VKRZHG� WKH� GLIIHUHQW� SDWWHUQV� RI� $&(� JHQH� /DQH�� ����
ES '1$�/DGGHU��/DQH�����''�JHQRW\SH�RI�$&(�JHQH��
/DQH���������,'�JHQRW\SH�RI�$&(�JHQH

7DEOH����5HVXOWV�RI�3&5�DPSOLILFDWLRQ�RI�$&(�JHQH
''�JHQRW\SH ,'�JHQRW\SH ,,�JHQRW\SH
+HDOWK\�VXEMHFW�QR��� +HDOWK\�VXEMHFW�QR����� +HDOWK\�VXEMHFW�QR���
3DWLHQW�QR���� 3DWLHQW�QR��� 3DWLHQW�QR���

$&(� JHQH� SRO\PRUSKLVP� RI� WKH� JHQHWLFDOO\�
DQDO\]HG �� SDWLHQWV� FRPSDUHG� ZLWK WKH� KHDOWK\�
VXEMHFWV�VKRZQ�LQ�7DEOH����$&(�JHQH�GLIIHUHQW�JHQ
�RW\SH� ZLWK� K\SHUWHQVLRQ VKRZLQJ� LQFUHDVH� LQ� WKH�
''� JHQRW\SH� LQ� WKH� SDWLHQWV�� 2XU� ILQGLQJ� DJUHHV
ZLWK�VLPLODU�VWXGLHV�GRQH�LQ�RWKHU�SRSXODWLRQ�LQFOX�
GLQJ� ,UDQLDQ� DQG� -DSDQHHVH� VKRZLQJ� LQFUHDVH� LQ�
K\SHUWHQWLRQ�DQG�''�SRO\PRUSKLVP�RI�$&(�JHQH�
�+LJDVKL�HW�DO���������1DNKMDYDQL��HW�DO���������

5HQLQ�$QJLRWHQVLQ� 6\VWHP� �5$6�� VKRZV D
VLJQLILFDQW SDUW LQ� UHJXODWLQJ� WKH SUHVVXUH OHYHO� RI�
WKH�EORRG WKURXJK E\ UHJXODWLQJ IOXLG�KRPHRVWDVLV��
*HQHV�FRGLQJ WKH�FRQVWLWXHQWV RI�UHQLQ�DQJLRWHQVLQ�
V\VWHP� OLNH� DQJLRWHQVLQRJHQ� �$*7�� $QJLRWHQVLQ�
FRQYHUWLQJ�HQ]\PH �$&(���DQJLRWHQVLQRJHQ�,,�W\SH
���UHFHSWRU��$*75�� KDYH�EHHQ�H[SDQVLYHO\ FRQVL�
GHUHG LQ�PDQ\�SRSXODWLRQV� DV� JHQHWLF� GHWHUPLQLQJ�
IDFWRU RI�HVVHQWLDO�K\SHUWHQVLRQ��5LJDW HW DO���������
7KLHO HW�DO���������+H�HW�DO��������� 6XEMHFWV�KDYLQJ�
WKH� GHOHWLRQ� JHQRW\SH� RI� DQJLRWHQVLQ� FRQYHUWLQJ�
HQ]\PH KDYH EHHQ� VKRZQ� WR� KDYH� LQFUHDVH LQ� WKH�
DQJLRWHQVLQ� FRQYHUWLQJ� HQ]\PH� DFWLYLW\ LQ� VHXP�
�5LJDWHW�DO��� ������7VXNDGD HW�DO��� ������ KRZHYHU�
WKH�7����$*7�YDULDQW� KDV� EHHQ� UHODWHG� WR� UDLVLQJ�
DQJLRWHQVLQ� OHYHOV� �0LOOHU DQG� 6FKROH\�������
)D\\DG DQG� $]L]� ������� UHSRUWHG DQ� DVVRFLDWLRQ�
EHWZHHQ��D�PXWDWLRQ FKDQJLQJ�RI�DGLQLQH�WR�F\WRF�
LQH�$���& LQ�WKH�SURPRWHU�RI�WKH�$*7 DQG�K\SHU�
WHQVLRQ�LQ�,UDTL SDWLHQWV�
&RQFOXVLRQ
7KLV� ZRUN� SURYLGHV� WKH� PDLQ� UHODWHG� ZLWK� HLWKHU�
DQJLRWHQVLQ FRQYHUWLQJ� HQ]\PH� JHQH LQVHUWLRQ��
GHOHWLRQ� SRO\PRUSKLVP DQG� K\SHUWHQVLRQ� LQ� ,UDT��
7KH� JHQRW\SH� ''� LQFUHDVH� LQ� SDWLHQWV� ZLWK� K\SHU�

WHQVLRQ� ZKLOH� WKH� JHQRW\SH� ,'� VKRZHG� LQFUHDVH� LQ�
WKH� FRQWURO� JURXSV� ZKLFK� PD\� UHIHU� WKDW� ,'� JHQR�
W\SH� PD\� DFW� DV� D� SURWHFWLYH� DJHQW� DJDLQVW� K\SHU�
WHQVLRQ��

5()(5(1&(6
$UQHWW� '�.��� %�5�� 'DYLV�� &�(�� )RUG�� HW� DO�� 3KDUP�

DFRJHQHWLF� DVVRFLDWLRQ� RI� WKH� DQJLRWHQVLQ�FRQ�
YHUWLQJ� HQ]\PH� LQVHUWLRQ�GHOHWLRQ� SRO\PHU�
SKLVP RQ�EORRG�SUHVVXUH�DQG�FDUGLRYDVFXODU�ULVN�
LQ� UHODWLRQ� WR� DQWLK\SHUWHQVLYH� WUHDWPHQW�� 7KH�
*HQHWLFV�RI�+\SHUWHQVLRQ�$VVRFLDWHG�7UHDWPHQW�
�*HQ+$7�� VWXG\�� &LUFXODWLRQ ����� ����±����
�������

%RUOD\�� $�-��� 6XKDUVRQR�� HW� DO��� 'HYHORSPHQW� RI�
VLQJOH� QXFOHRWLGH� SRO\PRUSKLVPV� �6136��
PDUNHU�IRU�ROHLF�DFLG�FRQWHQW�LQ�RLO�SDOP��(ODHLV�
JXLQHHQVLV�-DFT�����3DN� -� %LRWHFKQRO������������
��������

&DUUHWHUR� 2�$�� DQG 6�� 2SDULO� (VVHQWLDO� K\SHUWHQ�
VLRQ�� 3DUW� ,�� 'HILQLWLRQ DQG� HWLRORJ\�� &LUFX�
ODWLRQ� ��������±��� �������

&KXQJ� &�0��� 5�<�� :DQJ�� -�:�� &KHQ�� HW� DO��� $�
JHQRPH�ZLGH� DVVRFLDWLRQ� VWXG\� LGHQWLILHV� QHZ�
ORFL�IRU�$&(�DFWLYLW\��3RWHQWLDO�LPSOLFDWLRQV�IRU�
UHVSRQVH� WR�$&(�LQKLELWRU��3KDUPDFRJH�QRPLFV
�������±��� �������

'HHSLND�� 1�/�1�� .�5� 5HGG\�� 9�8� 5DQL�� 0� %DO�
DNULVKQD�� .�3�� 3UDVDQQD/DWKD� DQG� -�� 3DUYHHQ�
'R� $&(� ,�'� JHQH� SRO\PRUSKLVP� VHUYH� DV� D�
SUHGLFWLYH�PDUNHU� IRU�DJH�DW�RQVHW� LQ�3&26"�-�
$VVLVW� 5HSURG� *HQHW� ��� ���±��� �������

(KUHW� *�%�� *HQRPH�ZLGH� DVVRFLDWLRQ� VWXGLHV��
&RQWULEXWLRQ� RI� JHQRPLFV� WR� XQGHUVWDQGLQJ�
EORRG�SUHVVXUH�DQG�HVVHQWLDO�K\SHUWHQVLRQ��&XUU��
+\SHUWHQV� 5HS� ������±�� �������
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