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ABSTRACT  

Heavy metal contamination in aquatic ecosystems poses a significant threat to both 
environmental health and human populations due to the persistent and toxic nature of these 
pollutants. This study focuses on the bioaccumulation of heavy metals (Zn, Cu, Pb, Cr, Cd) in 
Lanceolaria sp., a benthic invertebrate and examines the correlation between metal 
concentrations in the organism and sediments from the Cau River basin in Northern Vietnam. 
Sampling was conducted at 28 locations along the Cau River. The results indicate that metal 
accumulation in Lanceolaria sp. follows the order Zn > Cu > Pb > Cr > Cd, with average 
concentrations of 52.932, 19.343, 18.496, 7.549, 4.536 mg/kg dry weight, respectively. Chromium 
levels exceeded the Hong Kong standard at 10 of the 28 monitoring sites. Strong positive 
correlations were identified between sediment and organism concentrations for Cu, Pb, Zn and 
Cd (r = 0.40, p < 0.05). These findings highlight the potential of Lanceolaria sp. as an effective 
bioindicator for assessing heavy metal pollution in freshwater ecosystems. 
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1. INTRODUCTION  
Heavy metal pollution in aquatic environments 

is a growing concern worldwide due to its toxic 
effects on ecosystems and human health. These 
metals are persistent in the environment and can 
accumulate in sediments, leading to long - term 
contamination of river systems. Moreover, heavy 
metals can bioaccumulate in aquatic organisms, 
particularly in benthic species, which are in close 
contact with sediments. As these metals move 
through the food chain, they pose a threat to 
higher organisms, including humans, who 
consume contaminated fish and mollusks [1, 2, 3]. 
The potential for bioaccumulation and 
biomagnification makes the study of heavy metal 
contamination in river ecosystems a critical area of 
research, particularly in regions undergoing rapid 
industrialization like the Cau River basin. 

The Cau River basin, one of the most 
extensive and industrially active regions in 

Northern Vietnam, plays a critical role in the socio 
- economic development of the area. Stretching 
288.5 kilometers from its source in Cho Don 
district, Bac Kan province, the river flows through 
densely populated provinces such as Thai Nguyen, 
Bac Giang, Bac Ninh and Hai Duong before 
merging with the Thai Binh River [4]. This region 
has seen rapid industrialization, including mining, 
metallurgy, electroplating, plastic manufacturing, 
and detergent production. These industries, while 
contributing to economic growth, have also led to 
significant environmental challenges, particularly 
the release of hazardous heavy metals such as 
copper (Cu), lead (Pb), zinc (Zn), cadmium (Cd), 
and chromium (Cr) into the river system. 

Despite the recognition of heavy metal 
pollution as a serious environmental issue, there 
remain significant gaps in knowledge about the 
extent of contamination in the Cau River, 
particularly in the sediment and benthic species 
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WKDW� VHUYH� DV� ELRLQGLFDWRUV� RI� SROOXWLRQ�� :KLOH�
YDULRXV� VWXGLHV� KDYH� LQYHVWLJDWHG� WKH� OHYHOV� RI�
ZDWHU�VROXEOH� PHWDOV� LQ� WKH� &DX� 5LYHU�� IHZ� KDYH�
IRFXVHG�RQ� WKH�DFFXPXODWLRQ�RI�PHWDOV� LQ�EHQWKLF�
RUJDQLVPV�� ZKLFK� FDQ� SURYLGH� D� PRUH� DFFXUDWH�
DVVHVVPHQW� RI� ORQJ� �� WHUP� SROOXWLRQ� OHYHOV��
6HGLPHQWV�DFW�DV�ERWK�D�VLQN�DQG�D�VRXUFH�RI�KHDY\�
PHWDOV�� PDNLQJ� LW� HVVHQWLDO� WR� XQGHUVWDQG� KRZ�
WKHVH�PHWDOV�DFFXPXODWH� LQ�RUJDQLVPV�WKDW� OLYH� LQ�
RU� QHDU� VHGLPHQWV�� VXFK� DV� /DQFHRODULD� VS��� D�
FRPPRQO\�IRXQG�ELYDOYH�LQ�WKH�&DX�5LYHU�V\VWHP��

*LYHQ�WKH�FULWLFDO�UROH� WKDW�EHQWKLF�RUJDQLVPV�
SOD\�LQ�DTXDWLF�HFRV\VWHPV�DQG�WKHLU�SRWHQWLDO�XVH�
DV� ELRLQGLFDWRUV� >�@�� WKLV� VWXG\� IRFXVHV� RQ�
GHWHUPLQLQJ� WKH� FRQFHQWUDWLRQV� RI� NH\� KHDY\�
PHWDOV� �&X�� 3E�� =Q��&G� DQG�&U�� LQ� WKH� WLVVXHV� RI�
/DQFHRODULD� VS�� DQG� DVVHVVLQJ� WKH� FRUUHODWLRQ�
EHWZHHQ� WKHVH� FRQFHQWUDWLRQV� DQG�PHWDO� OHYHOV� LQ�
ULYHU� VHGLPHQWV�� 7KH� ILQGLQJV� RI� WKLV� VWXG\� ZLOO�
KHOS� LGHQWLI\� WKH� H[WHQW� RI� KHDY\� PHWDO�
FRQWDPLQDWLRQ� LQ� WKH� &DX� 5LYHU� DQG� HYDOXDWH� WKH�
VXLWDELOLW\� RI� /DQFHRODULD� VS�� DV� D� ELRLQGLFDWRU�
VSHFLHV�IRU�PRQLWRULQJ�SROOXWLRQ��

3UHYLRXV� UHVHDUFK� KDV� VKRZQ� WKDW� EHQWKLF�
RUJDQLVPV� DUH� HIIHFWLYH� DW� UHIOHFWLQJ� WKH� OHYHO� RI�
KHDY\� PHWDO� SROOXWLRQ� LQ� WKHLU� KDELWDWV�� 6WXGLHV�
FRQGXFWHG� E\� %XL� 7KL� 7KX� HW� DO�� ������� >�@� DQG�
RWKHUV� KDYH� GHPRQVWUDWHG� VWURQJ� FRUUHODWLRQV�
EHWZHHQ�PHWDO�FRQFHQWUDWLRQV�LQ�VHGLPHQWV�DQG�LQ�
EHQWKLF�VSHFLHV��SDUWLFXODUO\�IRU�PHWDOV�OLNH�&X�DQG�
=Q��+RZHYHU��WKH�ELRDFFXPXODWLRQ�RI�RWKHU�PHWDOV��
VXFK�DV�3E� DQG�&G��KDV�EHHQ�PRUH�YDULDEOH��ZLWK�
VRPH� VSHFLHV� VKRZLQJ� LQFRQVLVWHQW� DFFXPXODWLRQ�
SDWWHUQV��7KLV�YDULDELOLW\�PD\�EH�GXH�WR�GLIIHUHQFHV�
LQ� WKH� ELRDYDLODELOLW\� RI� WKHVH� PHWDOV�� ZKLFK� LV�
LQIOXHQFHG�E\� IDFWRUV�VXFK�DV�S+�� UHGR[�SRWHQWLDO��
DQG�RUJDQLF�PDWWHU�FRQWHQW�LQ�VHGLPHQWV���

'HVSLWH� WKH� SURJUHVV� PDGH� LQ� XQGHUVWDQGLQJ�
KHDY\�PHWDO� DFFXPXODWLRQ� LQ� DTXDWLF� HFRV\VWHPV��
WKHUH� LV� VWLOO� D� QHHG� IRU� PRUH� FRPSUHKHQVLYH�
VWXGLHV�WKDW�OLQN�PHWDO�FRQFHQWUDWLRQV�LQ�VHGLPHQWV�
ZLWK�ELRDFFXPXODWLRQ�LQ�EHQWKLF�RUJDQLVPV�DFURVV�
GLIIHUHQW� HQYLURQPHQWDO� FRQGLWLRQV� >�@�� 7KH�
FXUUHQW� VWXG\� DLPV� WR� DGGUHVV� WKLV� JDS� E\�
H[DPLQLQJ� WKH� UHODWLRQVKLS� EHWZHHQ� VHGLPHQW�
PHWDO� FRQFHQWUDWLRQV� DQG� ELRDFFXPXODWLRQ� LQ�

/DQFHRODULD� VS��� SURYLGLQJ� YDOXDEOH� GDWD� RQ� WKH�
HQYLURQPHQWDO� KHDOWK� RI� WKH� &DX� 5LYHU�� 7KLV�
UHVHDUFK� QRW� RQO\� FRQWULEXWHV� WR� WKH� VFLHQWLILF�
XQGHUVWDQGLQJ�RI�KHDY\�PHWDO�SROOXWLRQ�LQ�ULYHULQH�
HFRV\VWHPV�EXW�DOVR�KDV�SUDFWLFDO� LPSOLFDWLRQV� IRU�
HQYLURQPHQWDO�PRQLWRULQJ�DQG�PDQDJHPHQW��

���0$7(5,$/6�$1'�0(7+2'6�

������5HVHDUFK�VXEMHFWV�

6WXG\� REMHFWV�� +HDY\�PHWDOV�� &X�� 3E�� =Q�� &G�
DQG�&U�LQ�/DQFHRODULD�VS��ZHUH�FROOHFWHG�DORQJ�WKH�
&DX�5LYHU��

)LUVW� VDPSOH� FROOHFWLRQ� WLPH�� 0D\� ������
VXSSOHPHQWDU\� DVVHVVPHQW� VDPSOH� FROOHFWLRQ�
WLPH��0D\��������

�����6WXG\�DUHD�

/DQFHRODULD� VS��ZHUH� FROOHFWHG� DORQJ� WKH�&DX�
5LYHU�� ZKLFK� IORZV� WKURXJK� ILYH� SURYLQFHV� LQ�
1RUWKHUQ� 9LHWQDP�� %DF� .DQ�� 7KDL� 1JX\HQ�� %DF�
*LDQJ��%DF�1LQK�DQG�+DL�'XRQJ��

�����0HWKRGRORJ\�

6HGLPHQW� DQG� EHQWKLF� VDPSOHV� ZHUH� FROOHFWHG�
XVLQJ� VSHFLDOL]HG� VDPSOLQJ� HTXLSPHQW�� $Q� (NPDQ�
EXFNHW� �86$�PDQXIDFWXUHU��ZDV� HPSOR\HG��ZLWK� D�
VDPSOLQJ� DUHD�PHDVXUHV� ��� FP� [� ��� FP� [� ��� FP��
7KH� PDWHULDOV� XVHG� LQFOXGHG� VWDLQOHVV� VWHHO� DQG� D�
SRO\HVWHU�VDPSOLQJ�FRUG��

6DPSOHV� ZHUH� FROOHFWHG� IURP� ��� GLVWLQFW�
ORFDWLRQV� DORQJ� WKH� &DX� 5LYHU�� ZKLFK� IORZV�
WKURXJK� WKH� 1RUWKHUQ� 9LHWQDPHVH� SURYLQFHV� RI�
%DF�.DQ��7KDL�1JX\HQ��%DF�*LDQJ��%DF�1LQK�DQG�
+DL� 'XRQJ�� $W� HDFK� ORFDWLRQ�� RQH� VHGLPHQW�
VDPSOH�ZDV� WDNHQ� HLWKHU� IURP� WKH�PLGGOH� RI� WKH�
ULYHU� RU� QHDU� WKH� ULYHU� EDQN� �ZKHUH� WKH� ULYHU�
VHUYHV� DV� D� SURYLQFLDO� ERXQGDU\��� DORQJVLGH� RQH�
/DQFHRODULD� VS�� VDPSOH�� 7KHVH� VDPSOHV� ZHUH�
FRPSRVLWH�� FRQVLVWLQJ� RI� PDWHULDO� FROOHFWHG� IURP�
WKH�VXUIDFH�WR�D�GHSWK�RI�DSSUR[LPDWHO\��������FP��
$W�HDFK�VLWH��WKUHH�ODUJH�VDPSOHV�ZHUH�WDNHQ��ZLWK�
HDFK� ODUJH� VDPSOH� FRPSULVLQJ� WKUHH� VPDOOHU�
VDPSOHV� VSDFHG� �� PHWHU� DSDUW�� ZKLFK�ZHUH� WKHQ�
FRPELQHG� WR� IRUP� D� UHSUHVHQWDWLYH� FRPSRVLWH�
VDPSOH�� 7KH� ODUJH� VDPSOHV� ZHUH� VSDFHG� �� �� ��
PHWHUV� DSDUW�� IROORZLQJ� WKH� LVRVFHOHV� WULDQJOH�
PHWKRG�� 7KH� UHSUHVHQWDWLYH� FRPSRVLWH� VDPSOH�
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ZDV� WKHQ� REWDLQHG� E\� PL[LQJ� WKH� WKUHH� ODUJH�
VDPSOHV�>��������@���

$IWHU�FROOHFWLRQ��VDPSOH�ZDV�VHDOHG�LQ�]LS�EDJ��
UHIULJHUDWHG�DQG�WUDQVSRUWHG�WR�WKH� ODERUDWRU\��$OO�

VDPSOHV� ZHUH� KDQGOHG� DQG� SUHVHUYHG� LQ�
DFFRUGDQFH�ZLWK� ,62� ������������� >��@�� )LJXUH� ��
LOOXVWUDWHV�WKH�VDPSOLQJ�ORFDWLRQV��

�
)LJXUH����/RFDWLRQ�RI�&DX�5LYHU�VHGLPHQW�VDPSOLQJ�

7KURXJK� VXUYH\V� DQG� VDPSOLQJ�� QR�
/DQFHRODULD� VS�� VDPSOHV� ZHUH� REWDLQHG� IURP� WKH�
VHGLPHQW�RI�&DX�ULYHU�LQ�%DF�.DQ�SURYLQFH��

6HGLPHQW� VDPSOHV� ZHUH� WUHDWHG� IRU� KHDY\�
PHWDO� DQDO\VLV� IROORZLQJ� WKH�86�(3$� ������� >��@��
7KH�VDPSOHV�ZHUH�DLU���GULHG�DW�URRP�WHPSHUDWXUH��
WKHQ�JURXQG�DQG�VLHYHG�WKURXJK�D�����PP�PHVK��$�
���� JUDP� SRUWLRQ� RI� GU\� VHGLPHQW� ZDV� GLJHVWHG�

XVLQJ����P/�+12�� � DQG� ��P/�+�2�� ���� DW� ��R&��
7KH� KHDY\� PHWDO� FRQWHQW� LQ� WKH� VHGLPHQW� ZDV�
FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�IRUPXOD���

P V& �9;� � �.
P

��PJ�NJ�GU\�VHGLPHQW��

,Q� ZKLFK�� ;�� KHDY\� PHWDOV� FRQWHQWV� �PJ�NJ�
GU\� VHGLPHQW��� &P�� KHDY\� PHWDOV� FRQFHQWUDLRQ�
PHDVXUHG�RQ�$$6��PJ�/���9V��VDPSOH�FROXPH��9V�
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 ����P/���P��VDPSOH�ZHLJKW��J���.��GU\�FRHIILFLHQW�
RI�VHGLPHQW��

7KH� /DQFHRODULD� VS�� VDPSOHV� ZHUH� NHSW� DW�
UHIULJHUDWRU�DW���&��$IWHU�VSHFLHV�LGHQWLILFDWLRQ��WKH�
LQWHVWLQHV� ZHUH� UHPRYHG�� ZHLJKHG� DQG� IUHH]H� ��
GULHG� DW� WKH� +DQRL� 8QLYHUVLW\� RI� 6FLHQFH� DQG�
7HFKQRORJ\�� :HW� VDPSOHV� ZHUH� GLJHVWHG� XVLQJ�
+12΄�� FRQFHQWUDWHG� +&O2΅� DQG� +΃2΃� DW� ���&�
XQWLO�IXOO\�GHFRPSRVHG��

+HDY\�PHWDO�FRQFHQWUDWLRQV�LQ�ERWK�VHGLPHQW�
DQG� /DQFHRODULD� VS�� VDPSOHV� ZHUH� TXDQWLILHG�
XVLQJ� D� 7KHPR� )LVKHU� 0�� $$6� DW� WKH�
(QYLURQPHQW� /DERUDWRU\�� +DQRL� 8QLYHUVLW\� RI�
1DWXUDO�5HVRXUFHV� DQG�(QYLURQPHQW� �9LODV� ������
)RU� /DQFHRODULD� VS��� WKH� PHWDO� FRQWHQW� ZDV�
FDOFXODWHG�DV�IRUPXOD��

P V
N

& �9; � �
P

��PJ�NJ�GU\�RUJDQLVP��

:KHUH�� � ;N�� KHDY\� PHWDOV� FRQWHQW� �PJ�NJ���
&P�� PHWDO� FRQFHQWUDWLRQ� PHDVXUHG� YLD� $$6�
�PJ�/��� 9V�� YROXPH� RI� WKH� VDPSOH� VROXWLRQ� �P/���
P��VDPSOH�ZHLJKW��J���

)RU� IUHVK� ZHLJKW�� WKH� FRQYHUVLRQ� ZDV�

FDOFXODWHG�DV�� N
W

;; � �
N

��PJ�NJ�IUHVK�RUJDQLVP���

7KH�VHGLPHQWV�PHWDOV�FRQWHQW�ZDV�FRPSDUHG�
ZLWK� 9LHWQDPHVH� VWDQGDUGV� 4&91

��������%7107� >��@�� &DQDGLDQ� &RXQFLO� RI�
0LQLVWHUV� RI� WKH� (QYLURQPHQW� ������� >��@� DQG�86�
(3$��������>��@��

+HDY\�PHWDO�OHYHOV�LQ�EHQWKLF�RUJDQLVPV�ZHUH�
FRPSDUHG� ZLWK� 4&91� ���������%<7� >��@� IRU� &G�
DQG� 3E�� DQG� ZLWK� WKH� +RQJ� .RQJ� 0HWDOOLF�
&RQWDPLQDWLRQ�5HJXODWLRQV�IRU�&U�>������@��

'DWD� RQ� WKH� FRUUHODWLRQ�EHWZHHQ�KHDY\�PHWDO�
FRQWHQW��&X��3E��=Q��&G�DQG�&U��LQ�WKH�/DQFHRODULD�
VS�� VDPSOHV� DQG� LQ� &DX� 5LYHU� VHGLPHQWV� ZHUH�
DQDO\]HG� XVLQJ� 2ULJLQ� ���� VRIWZDUH�� 6WDWLVWLFDO�
DQDO\VLV�� LQFOXGLQJ� $129$� DQG� OHDVW� VLJQLILFDQW�
GLIIHUHQFH� �/6'�� WHVWV�� ZDV� FRQGXFWHG� ZLWK� D�
VLJQLILFDQFH�OHYHO�RI�Į� ������>��@��

���5(68/76�$1'�',6&866,21�
����� +HDY\� 0HWDO� $FFXPXODWLRQ� LQ� /DQFHRODULD�

VS���
7KH� FRQFHQWUDWLRQV� RI� KHDY\�PHWDOV� �=Q�� &X��

3E�� &U� DQG� &G�� LQ� /DQFHRODULD� VS��� D� VSHFLHV� RI�
ELYDOYH�� ZHUH�PHDVXUHG� DFURVV�PXOWLSOH� ORFDWLRQV�
DORQJ� WKH� &DX� 5LYHU�� 7KH� UHVHDUFK� UHYHDOHG�
YDU\LQJ�OHYHOV�RI�PHWDO�DFFXPXODWLRQ��KLJKOLJKWLQJ�
WKH� VSHFLHV
� UROH� DV� D� SRWHQWLDO� ELRLQGLFDWRU� RI�
HQYLURQPHQWDO�FRQWDPLQDWLRQ��7DEOH���VXPPDUL]HV�
WKHVH� FRQFHQWUDWLRQV�� VKRZLQJ� WKDW� WKH� PHWDO�
FRQWHQW�LQ�/DQFHRODULD�VS�� IROORZHG�WKH�RUGHU�=Q�!�
&X�!�3E�!�&U�!�&G��

7DEOH����5HVXOWV�RI�GHWHUPLQLQJ�WKH�FRQFHQWUDWLRQ�RI�&X��3E��=Q��&G�DQG�&U�
�LQ�&RUELFXOD�VS��VDPSOHV�OLYLQJ�LQ�&DX�5LYHU�VHGLPHQW�

+HDY\�PHWDO�FRQWHQW��LQ�/DQFHRODULD�VS���PJ�NJ�IUHVK�RUJDQLVPV��
3ODFH�RI�

REVHUYDWLRQ�
&X� 3E� =Q� &G� &U�

7KDL�1JX\HQ� ����� r ������ ������ r ������ ����� r ������ ������ r ������ ����� r ������

%DF�*LDQJ� ����� r ������ ����� r ������ ����� r ������ ������ r ������ ����� r ������

%DF�1LQK� ����� r ������ ����� r ������ ����� r ������ ������ r ������ ����� r ������

+DL�'XRQJ� ����� r ������ ������ r ����� ����� r ������ ������ r ������ ����� r ������

4&91���
�������%<7�

�� ���� � ���� �
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�
)LJXUH����+HDY\�PHWDOV�FRQWHQW�JUDSK�RI�

/DQFHRODULD�VS��RI��&DX�5LYHU�
7KH�ILQGLQJV�LQGLFDWH�WKDW�WKH�PHWDO�FRQWHQW�LQ�

/DQFHRODULD�VS��IROORZV�WKH�GHFUHDVLQJ�RUGHU�RI�=Q�
!� &X� !� 3E� !� &U� !� &G�� 7KLV� KLHUDUFK\� UHIOHFWV� D�
SUHYDOHQW� WUHQG� LQ� EHQWKLF� RUJDQLVPV�� ZKHUH� =Q�
OHYHOV� ZHUH� KLJKHVW� DPRQJ� WKH� PHWDOV� WHVWHG��
UDQJLQJ� IURP� ������� WR� ������� PJ�NJ� RI� GU\�
RUJDQLVPV��=Q�SOD\V�DQ�HVVHQWLDO�UROH�LQ�ELRORJLFDO�
SURFHVVHV�� KRZHYHU�� LWV� H[FHVVLYH� SUHVHQFH� LQ�
DTXDWLF�V\VWHPV�FDQ�GLVUXSW�PHWDEROLF�DFWLYLWLHV�LQ�
RUJDQLVPV�� (OHYDWHG� =Q� FRQFHQWUDWLRQV� ZHUH�
SDUWLFXODUO\�SURPLQHQW�DW�PRQLWRULQJ�VWDWLRQV�VXFK�
DV�7KDL�1JX\HQ��LQGLFDWLQJ�SRWHQWLDO�LQGXVWULDO�DQG�
XUEDQ� UXQRII� DV� D� VRXUFH�� 0RUHRYHU�� WKH�
FRQVLVWHQWO\�KLJK�ELRDFFXPXODWLRQ�RI�=Q�VXJJHVWV�
WKDW� /DQFHRODULD� VS�� LV� KLJKO\� VHQVLWLYH� WR� =Q�
FRQWDPLQDWLRQ��PDNLQJ�LW�D�UHOLDEOH�ELRLQGLFDWRU�RI�
=Q�OHYHOV�LQ�ULYHU�VHGLPHQWV��

&X� FRQFHQWUDWLRQV� LQ� /DQFHRODULD� VS�� UDQJHV�
IURP� ������� WR� ������� PJ�NJ� RI� GU\� RUJDQLVPV��
ZLWK� WKH� KLJKHVW� FRQFHQWUDWLRQ� IRXQG� DW� 7KDL�
1JX\HQ��7KH�ELRDFFXPXODWLRQ�RI�&X�LQ�/DQFHRODULD�
VS�� VKRZV� D� VLPLODU� SDWWHUQ� WR� =Q�� IXUWKHU�
VXSSRUWLQJ� WKH� VSHFLHV
� DELOLW\� WR� DFFXPXODWH�
PHWDOV� IURP� LWV� HQYLURQPHQW��&X� LV� QHFHVVDU\� IRU�
PDQ\� SK\VLRORJLFDO� IXQFWLRQV�� LQFOXGLQJ� WKH�
IRUPDWLRQ� RI� KHPRF\DQLQ�� \HW� HOHYDWHG�
FRQFHQWUDWLRQV�FDQ�EHFRPH�WR[LF��HVSHFLDOO\�ZKHQ�
ELRDYDLODEOH�LQ�LRQLF�IRUPV��7KH�VWURQJ�FRUUHODWLRQ�
�U�  � ������ EHWZHHQ� &X� OHYHOV� LQ� VHGLPHQW� DQG�
/DQFHRODULD� VS�� VXJJHVWV� WKDW� VHGLPHQW�ERXQG�&X�

LV�ELRDYDLODEOH� DQG�FRQWULEXWHV� VLJQLILFDQWO\� WR� WKH�
PHWDO�FRQWHQW�LQ�WKH�RUJDQLVP��

3E� FRQWHQW� LQ� /DQFHRODULD� VS�� UDQJHG� IURP�
������� WR� ������� PJ�NJ�� ZLWK� WKH� KLJKHVW� OHYHOV�
REVHUYHG�DW�%DF�*LDQJ��3E�DFFXPXODWLRQ�H[FHHGHG�
WKH� UHJXODWRU\� OLPLWV� DW� ��� RXW� RI� ��� PRQLWRULQJ�
ORFDWLRQV�� VXUSDVVLQJ� WKH� 4&91� ���������%<7�
>��@� E\� ����� WR� ����� WLPHV�� 7KLV� ZLGHVSUHDG� 3E�
FRQWDPLQDWLRQ� UDLVHV� FRQFHUQV�� SDUWLFXODUO\� DV� 3E�
SRVHV� VHYHUH�KHDOWK� ULVNV� WR�ERWK�DTXDWLF� OLIH� DQG�
KXPDQV�GXH�WR�LWV�QRQ���HVVHQWLDO�DQG�WR[LF�QDWXUH��
3E� ELRDFFXPXODWLRQ� LQ� /DQFHRODULD� VS�� ZDV�
LQYHUVHO\�FRUUHODWHG�ZLWK�VHGLPHQW�3E�OHYHOV��U� ��
������� VXJJHVWLQJ� WKDW� 3E� PD\� EH� ERXQG� WR�
VHGLPHQW� SDUWLFOHV� DQG� OHVV� ELRDYDLODEOH� LQ� VRPH�
UHJLRQV�� 7KLV� FRXOG� EH� GXH� WR� YDULRXV�
HQYLURQPHQWDO�IDFWRUV�VXFK�DV�S+��UHGR[�SRWHQWLDO��
RU� RUJDQLF� PDWWHU� FRQWHQW� WKDW� LQIOXHQFH� WKH�
VSHFLDWLRQ�DQG�ELRDYDLODELOLW\�RI�3E��

&G� FRQFHQWUDWLRQV� ZHUH� UHODWLYHO\� ORZHU��
UDQJLQJ� IURP� ������ WR� ������� PJ�NJ� GU\� ZHLJKW�
������ WR� ������ PJ�NJ� IUHVK� ZHLJKW��� ZLWK� WKH�
KLJKHVW� FRQFHQWUDWLRQ� DW� 7KDL� 1JX\HQ� DQG� WKH�
ORZHVW�DW�%DF�*LDQJ��,PSRUWDQWO\��DOO�&G�OHYHOV�IHOO�
ZLWKLQ� WKH� SHUPLVVLEOH� OLPLWV� VWLSXODWHG�E\�4&91�
���������%<7� >��@� VXJJHVWLQJ� D� OHVV� VHYHUH�
FRQWDPLQDWLRQ� VFHQDULR� IRU� WKLV� KHDY\� PHWDO�
FRPSDUHG� WR� 3E�� 1HYHUWKHOHVV�� &G� UHPDLQV� D�
SRWHQW� HQYLURQPHQWDO� WR[LQ�� FDSDEOH� RI� FDXVLQJ�
ELRDFFXPXODWLRQ� DQG� ELRPDJQLILFDWLRQ� WKURXJK�
DTXDWLF�IRRG�ZHEV��

&U� OHYHOV�ZHUH� IRXQG� WR� UDQJH�EHWZHHQ� ������
DQG� �������PJ�NJ�� ZLWK� ��� RXW� RI� ���PRQLWRULQJ�
VLWHV� H[FHHGLQJ� WKH� SHUPLWWHG� OLPLWV� VHW� E\�+RQJ�
.RQJ� UHJXODWLRQV�� &U� LV� SDUWLFXODUO\� FRQFHUQLQJ�
GXH� WR� LWV� SRWHQWLDO� WR� H[LVW� LQ� LWV� KLJKO\� WR[LF�
KH[DYDOHQW�IRUP��&U�9,���ZKLFK�SRVHV�FDUFLQRJHQLF�
ULVNV�� 7KH� KLJKHVW� &U� FRQFHQWUDWLRQV� ZHUH�
GHWHFWHG� DW� 7KDL� 1JX\HQ�� VXJJHVWLQJ� ORFDOL]HG�
SROOXWLRQ� VRXUFHV�� SRVVLEO\� IURP� LQGXVWULDO�
DFWLYLWLHV� VXFK� DV� WDQQLQJ�� WH[WLOH� SURFHVVLQJ�� RU�
HOHFWURSODWLQJ� >�@�� ,QWHUHVWLQJO\�� WKH� FRUUHODWLRQ�
EHWZHHQ�&U� LQ� VHGLPHQWV� DQG� LWV� DFFXPXODWLRQ� LQ�
/DQFHRODULD� VS��ZDV� QHJDWLYH� �U�  � �������� LPSO\LQJ�
WKDW� HQYLURQPHQWDO� IDFWRUV� PD\� UHGXFH� WKH�
ELRDYDLODELOLW\�RI�&U��
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&G� OHYHOV� LQ� /DQFHRODULD� VS�� ZHUH� UHODWLYHO\�
ORZ��UDQJLQJ�IURP�������WR��������PJ�NJ��'HVSLWH�
LWV� WR[LFLW\�� &G� FRQFHQWUDWLRQV� UHPDLQHG� ZLWKLQ�
DFFHSWDEOH�OLPLWV�DV�SHU�4&91����������%<7�>��@��
7KH�ZHDN�FRUUHODWLRQ�EHWZHHQ�&G�LQ�VHGLPHQW�DQG�
LWV� DFFXPXODWLRQ� LQ� /DQFHRODULD� VS�� �U�  � ������
VXJJHVWV� WKDW�&G�ELRDYDLODELOLW\� LV�KLJKO\�YDULDEOH��
LQIOXHQFHG� E\� VHGLPHQW� FRPSRVLWLRQ�� ZDWHU�
FKHPLVWU\��DQG� WKH�SUHVHQFH�RI�RUJDQLF�PDWHULDOV��
7KHVH� IDFWRUV� FRXOG� H[SODLQ� WKH� ORZ� OHYHOV� RI� &G�
ELRDFFXPXODWLRQ�� GHVSLWH� LWV� SUHVHQFH� LQ� WKH�
HQYLURQPHQW�� 6LPLODU� WUHQGV� ZHUH� REVHUYHG� LQ�
0HUHWUL[� PHUHWUL[�� 3HUQD� YLULGLV� DQG� 6DFFRVWUHD�
VS��� IXUWKHU� HPSKDVL]LQJ� WKH� SUHYDOHQFH� RI� KHDY\�
PHWDO� SROOXWLRQ� LQ�9LHWQDPuV� DTXDWLF� V\VWHPV� >����
��@��7KH�FRPSDULVRQ�XQGHUVFRUHV�WKH�XUJHQW�QHHG�
IRU� VWULFWHU� UHJXODWLRQ� DQG� UHPHGLDWLRQ� HIIRUWV� WR�
PLWLJDWH� WKH� LPSDFWV� RI� KHDY\�PHWDO� SROOXWLRQ� RQ�
ERWK�HFRV\VWHPV�DQG�SXEOLF�KHDOWK��

7KURXJK�WKH�VDPSOLQJ�HYHQWV��WKHUH�ZDV� OLWWOH�
FKDQJH� LQ� WKH� FRQFHQWUDWLRQ� RI� KHDY\� PHWDOV�
DFFXPXODWHG�LQ�/DQFHRODULD�VS��7KH�FRQFHQWUDWLRQV�

RI� KHDY\� PHWDOV� KDYH� LQFUHDVHG�� EXW� QRW�
VLJQLILFDQWO\��

����� &RUUHODWLRQ� %HWZHHQ� 0HWDO� &RQWHQW� LQ�
6HGLPHQWV�DQG�/DQFHRODULD�VS��

7KH�UHODWLRQVKLS�EHWZHHQ�KHDY\�PHWDO�FRQWHQW�
LQ�VHGLPHQWV�DQG� LQ� WKH�WLVVXHV�RI�/DQFHRODULD�VS��
ZDV� WKRURXJKO\� H[SORUHG� WR� XQGHUVWDQG�
ELRDFFXPXODWLRQ� SDWWHUQV�� )LJXUHV� �D� WR� �I�
LOOXVWUDWH� WKH� FRUUHODWLRQV� EHWZHHQ� WKH�
FRQFHQWUDWLRQV� RI� &X�� 3E�� =Q�� &G�� DQG� &U� LQ�
/DQFHRODULD�VS��DQG�LQ�&DX�5LYHU�VHGLPHQWV��

$V� QRWHG� HDUOLHU�� &X� H[KLELWHG� D� VWURQJ�
SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� LWV� FRQFHQWUDWLRQV� LQ�
VHGLPHQWV� DQG� /DQFHRODULD� VS�� �U�  � ������� 7KLV�
FRUUHODWLRQ�LQGLFDWHV�WKDW�&X�LV�UHDGLO\�ELRDYDLODEOH�
DQG� HIILFLHQWO\� DFFXPXODWHG� E\� /DQFHRODULD� VS��
IURP� WKH� VHGLPHQW�� 7KLV� REVHUYDWLRQ� DOLJQV� ZLWK�
SUHYLRXV� VWXGLHV� WKDW� KDYH� GHPRQVWUDWHG� &XuV�
DELOLW\�WR�ELQG�ZLWK�RUJDQLF�DQG�LQRUJDQLF�PDWWHU�LQ�
VHGLPHQWV��PDNLQJ�LW�PRUH�ELRDYDLODEOH�IRU�XSWDNH�
E\�EHQWKLF�RUJDQLVPV�VXFK�DV�/DQFHRODULD�VS��

7DEOH����5HVXOW�RI�KHDY\�PHWDO�FRQWHQW�LQ�&DX�5LYHU�VHGLPHQW�
+HDY\�PHWDO�FRQWHQW��P� r �6'�
��PJ�NJ�GU\�VHGLPHQW��3ODFH�RI�

REVHUYDWLRQ� &X� 3E� =Q� &G� &U�
%DF�.DQ�
�Q� ����

������� r ������ ������ r ������� ������ r ������ ������ r ������ ������� r �������

7KDL�1JX\HQ�
�Q� ����

������� r ������� ������� r ������ ������� r ������� ������ r ������� �������� r �������

%DF�*LDQJ�
�Q� ���� ������� r ������ ������� r ������� ������� r ������� ������ r ������ �������� r �������

%DF�1LQK�
�Q� ����

������� r ������� ������� r ������� �������� r ������� ������ r ������ �������� r �������

+DL�'XRQJ�
�Q� ����

������� r ������ ������� r ������� ������ r ������� ������ r ������� ������� r ������

4&91�
��������%7107� ���� ����� ���� ���� ���

3(&��

�� ����� ���� ����� ����� ����
7(&��

�� ��� ����� ���� ������ ���
3(/��


�� ���� ����� ���� ���� ���
,64*��


�� ����� ��� ���� ���� �����

��
�� P�� $YHUDJH� YDOXH�� 6'� LV� WKH� VWDQGDUG� GHYLDWLRQ�� �

��� &ULWHULD� IRU� HYDOXDWLQJ� KHDY\� PHWDO�
SROOXWLRQ� LQ� VHGLPHQW�DFFRUGLQJ� WR� WKH� WRWDO� FRQWHQW� �PJ�NJ��RI� WKH�86�(3$�� ��������7(&��7KUHVKROG�
HIIHFW� FRQFHQWUDWLRQ�� 3(&�� 3UREDEOH� HIIHFW� FRQFHQWUDWLRQ�� �


��� &DQDGLDQ� 6WDQGDUGV� RI� 1DWLRQDO�
*XLGDQFH��6HGLPHQW�4XDOLW\�*XLGHOLQH���������,64*��7KUHVKROGV�RI�QHJDWLYH�LPSDFWV�RQ�RUJDQLVPV��3(/��
7KH�GHJUHH�RI�LQIOXHQFH�FHUWDLQO\��
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3E��KRZHYHU��GLVSOD\HG�DQ� LQYHUVH�FRUUHODWLRQ�
�U� ��������EHWZHHQ�LWV�FRQFHQWUDWLRQV�LQ�VHGLPHQWV�
DQG� /DQFHRODULD� VS�� 7KLV� QHJDWLYH� UHODWLRQVKLS�
VXJJHVWV�WKDW�3E�LV�QRW�DV�ELRDYDLODEOH�LQ�VHGLPHQW��
SRVVLEO\� GXH� WR� LWV� VWURQJ� DIILQLW\� IRU� SDUWLFXODWH�
PDWWHU�� ZKLFK� OLPLWV� LWV� XSWDNH� E\� DTXDWLF�
RUJDQLVPV�� 7KH� QHJDWLYH� FRUUHODWLRQ� LV� DOVR�
UHIOHFWLYH� RI� /DQFHRODULD� VS�uV� SRWHQWLDO� UHVLVWDQFH�
WR� 3E� DFFXPXODWLRQ�� OLNHO\� DV� D� UHVXOW� RI�
SK\VLRORJLFDO�PHFKDQLVPV� DLPHG� DW� UHGXFLQJ� WKH�
XSWDNH� RI� WKLV� WR[LF� PHWDO�� 6LPLODU� SDWWHUQV� ZHUH�
REVHUYHG�LQ�VWXGLHV�RQ�RWKHU�EHQWKLF�VSHFLHV��VXFK�
DV�&RUELFXOD�VS��

=Q�� OLNH� &X�� VKRZHG� D� VWURQJ� SRVLWLYH�
FRUUHODWLRQ��U� �������EHWZHHQ�VHGLPHQW�DQG�WLVVXH�
FRQFHQWUDWLRQV�� 7KLV� KLJK� GHJUHH� RI� FRUUHODWLRQ�
LQGLFDWHV� WKDW� =Q� LV� KLJKO\� ELRDYDLODEOH� WR�
/DQFHRODULD�VS��DQG�FDQ�EH�DFFXPXODWHG�HIILFLHQWO\�
IURP�VHGLPHQW��7KH�VWURQJ�ELRDFFXPXODWLRQ�RI�=Q�
LV� FRQFHUQLQJ� GXH� WR� LWV� SRWHQWLDO� WR[LF� HIIHFWV�
ZKHQ�SUHVHQW� LQ� H[FHVV��$OWKRXJK�=Q� LV� HVVHQWLDO�
IRU� PDQ\� ELRORJLFDO� SURFHVVHV�� HOHYDWHG�
FRQFHQWUDWLRQV�FDQ� OHDG�WR�PHWDEROLF�GLVWXUEDQFHV�
DQG�R[LGDWLYH�VWUHVV�LQ�DTXDWLF�RUJDQLVPV��

&G� H[KLELWHG� D� ZHDN� FRUUHODWLRQ� �U�  � ������
EHWZHHQ� LWV� FRQFHQWUDWLRQV� LQ� VHGLPHQWV� DQG�
/DQFHRODULD�VS��7KH�YDULDELOLW\�LQ�&G�DFFXPXODWLRQ�
VXJJHVWV� WKDW� WKH� PHWDO� LV� OHVV� ELRDYDLODEOH�
FRPSDUHG� WR� &X� DQG� =Q�� SRVVLEO\� GXH� WR� LWV�
FKHPLFDO� LQWHUDFWLRQV� LQ� VHGLPHQWV��ZKLFK� UHGXFH�
LWV� PRELOLW\� DQG� XSWDNH� E\� RUJDQLVPV�� 7KHVH�

ILQGLQJV� DUH� FRQVLVWHQW� ZLWK� SUHYLRXV� UHVHDUFK�
LQGLFDWLQJ� WKDW� &G� ELRDFFXPXODWLRQ� LV� KLJKO\�
GHSHQGHQW� RQ� HQYLURQPHQWDO� FRQGLWLRQV�� VXFK� DV�
VHGLPHQW�FRPSRVLWLRQ�DQG�ZDWHU�FKHPLVWU\��

&U� VKRZHG� D� QHJDWLYH� FRUUHODWLRQ� �U�  � �������
EHWZHHQ� VHGLPHQW� DQG� WLVVXH� FRQFHQWUDWLRQV��
VXJJHVWLQJ� WKDW� &U� LV� QRW� UHDGLO\� ELRDYDLODEOH� WR�
/DQFHRODULD�VS��7KLV�PD\�EH�GXH� WR�&UuV�WHQGHQF\�
WR�IRUP�VWDEOH�FRPSOH[HV�ZLWK�RUJDQLF�PDWWHU�RU�WR�
EH� SUHVHQW� LQ� OHVV� ELRDYDLODEOH� IRUPV�� VXFK� DV�
WULYDOHQW� &U�,,,��� LQ� VHGLPHQWV�� 7KHVH� ILQGLQJV�
KLJKOLJKW� WKH� QHHG� IRU� IXUWKHU� LQYHVWLJDWLRQ� LQWR�
WKH� IDFWRUV� LQIOXHQFLQJ� &U� ELRDYDLODELOLW\� DQG� LWV�
SRWHQWLDO�LPSDFWV�RQ�DTXDWLF�HFRV\VWHPV��

�����,PSOLFDWLRQV�IRU�8VLQJ�/DQFHRODULD�VS��DV�D�
%LRLQGLFDWRU�

7KH�XVH�RI�/DQFHRODULD�VS��DV�D�ELRLQGLFDWRU�IRU�
DVVHVVLQJ� KHDY\� PHWDO� FRQWDPLQDWLRQ� LQ� DTXDWLF�
HFRV\VWHPV� SURYLGHV� YDOXDEOH� LQVLJKWV� LQWR�
HQYLURQPHQWDO�PRQLWRULQJ��7KLV�VWXG\�LQYHVWLJDWHG�
WKH�UHODWLRQVKLS�EHWZHHQ�WKH�FRQFHQWUDWLRQV�RI�&X��
3E��=Q��&G�DQG�&U�LQ�WKH�IOHVK�WLVVXH�RI�/DQFHRODULD�
VS�� DQG� WKH� FRUUHVSRQGLQJ� VHGLPHQWV� RI� WKH� &DX�
5LYHU��1RUWKHUQ�9LHWQDP��7KH�UHVXOWV�GHPRQVWUDWH�
WKH�VSHFLHV
�SRWHQWLDO�IRU�PRQLWRULQJ�FHUWDLQ�KHDY\�
PHWDOV�� VXFK� DV� &X� DQG� =Q�� GXH� WR� WKHLU� VWURQJ�
FRUUHODWLRQV� ZLWK� VHGLPHQW� OHYHOV�� +RZHYHU��
YDULDWLRQV� LQ� WKH� ELRDYDLODELOLW\� DQG�
ELRDFFXPXODWLRQ� RI� RWKHU�PHWDOV�� VXFK� DV� 3E� DQG�
&U�� KLJKOLJKW� WKH� FRPSOH[LWLHV� RI� XVLQJ� D� VLQJOH�
VSHFLHV�WR�DVVHVV�RYHUDOO�FRQWDPLQDWLRQ��

7DEOH����5HODWLRQVKLS�EHWZHHQ�PHWDO�FRQFHQWUDWLRQV�LQ�PXVVHOV�DQG�VHGLPHQWV�LQ�&DX�5LYHU�

0HWDO�
5HODWLRQVKLS�

>0XVVHOV��;�@�DQG�VHGLPHQWV��<�@�

7KH�FRUUHODWLRQ�
FRHIILFLHQW��
��
3HDUVRQ��U��

�S�YDOXH��

&X� <� ������
;���������� ����� ������

3E� <� �������
;���������� ������ �����

=Q� <� ������
;��������� ����� ������

&G� <� ������
;��������� ����� �����

&U� <� �������
;����������� ������ �����

0HWDOV� <� ������
;���������� ����� ������

��
��6LJQLILFDQW�FRUUHODWLRQ�S�������������FRQILGHQFH�OHYHO���



6&,(1&(�$1'�7(&+12/2*<�

$*5,&8/785(�$1'�585$/�'(9(/230(17���'(&(0%(5������YROXPH���QXPEHU��� ���

&RSSHU��&X��DV�D�.H\�,QGLFDWRU�

&RSSHU��&X��H[KLELWHG�WKH�KLJKHVW�FRUUHODWLRQ�
EHWZHHQ�VHGLPHQW�DQG�/DQFHRODULD�VS��WLVVXH��ZLWK�
D� FRUUHODWLRQ� FRHIILFLHQW� RI� U�  � ����� �S� �� �������$V�
GHSLFWHG� LQ� ILJXUH� �D�� WKH� HTXDWLRQ�<�  � �����
;���
������� GHVFULEHV� WKH� FORVH� OLQHDU� UHODWLRQVKLS�
EHWZHHQ� &X� OHYHOV� LQ� VHGLPHQW� DQG�
ELRDFFXPXODWLRQ� LQ� WKH� RUJDQLVP�� 7KLV� VWURQJ�
SRVLWLYH� FRUUHODWLRQ� LQGLFDWHV� WKDW� /DQFHRODULD� VS��
LV�DQ�H[FHOOHQW�ELRLQGLFDWRU�IRU�&X�SROOXWLRQ��DV�WKH�
PHWDOuV� SUHVHQFH� LQ� VHGLPHQWV� LV� UHIOHFWHG�
SURSRUWLRQDWHO\�LQ�WKH�RUJDQLVPuV�WLVVXH��

&X� LV� HVVHQWLDO� IRU� PDQ\� SK\VLRORJLFDO�
SURFHVVHV�� LQFOXGLQJ� HQ]\PH� DFWLYLW\� DQG� R[\JHQ�
WUDQVSRUW� LQ� DTXDWLF� RUJDQLVPV�� +RZHYHU��
H[FHVVLYH�&X�FRQFHQWUDWLRQV�FDQ� OHDG� WR�R[LGDWLYH�
VWUHVV�� GDPDJH� WR� FHOOXODU� VWUXFWXUHV�� DQG�
GLVUXSWLRQ�RI�PHWDEROLF� IXQFWLRQV��7KH� ILQGLQJV�RI�
WKLV� VWXG\� DOLJQ� ZLWK� SUHYLRXV� UHVHDUFK�� VXFK� DV�
%XL�7KL� 7KX� HW� DO�� ������� ������ >��� ��@��ZKR� DOVR�
UHSRUWHG� D� KLJK� FRUUHODWLRQ� EHWZHHQ� &X� LQ�
/DQFHRODULD�VS��DQG�VHGLPHQW��U� ��������S����������
7KH�DELOLW\�RI�/DQFHRODULD�VS��WR�UHOLDEO\�UHIOHFW�&X�
FRQWDPLQDWLRQ� VXJJHVWV� WKDW� LW� FDQ� VHUYH� DV� DQ�
HDUO\�ZDUQLQJ�V\VWHP�IRU�PRQLWRULQJ�DUHDV�DIIHFWHG�
E\� LQGXVWULDO� UXQRII�� DJULFXOWXUDO� LQSXWV�� DQG�
PLQLQJ� DFWLYLWLHV�� DOO� RI� ZKLFK� DUH� NQRZQ� WR�
FRQWULEXWH�WR�&X�SROOXWLRQ�LQ�ULYHUV��

/HDG��3E��%LRDFFXPXODWLRQ�'\QDPLFV�

,Q� FRQWUDVW� WR� &X�� OHDG� �3E�� GLVSOD\HG� D�
QHJDWLYH� FRUUHODWLRQ� EHWZHHQ� LWV� FRQFHQWUDWLRQ� LQ�
VHGLPHQWV�DQG�LQ�/DQFHRODULD�VS��WLVVXH��$V�VKRZQ�
LQ� )LJXUH� �E�� WKH� HTXDWLRQ� <�  � ������
;� �� �������
DQG� WKH�FRUUHODWLRQ�FRHIILFLHQW� U� � ������ �S���������
LQGLFDWH� DQ� LQYHUVH� UHODWLRQVKLS�� 7KLV� ILQGLQJ�
VXJJHVWV� WKDW� KLJKHU� OHYHOV� RI� 3E� LQ� VHGLPHQW�
FRUUHVSRQG� WR� ORZHU� 3E� DFFXPXODWLRQ� LQ�
/DQFHRODULD� VS�� WLVVXH�� ZKLFK� FRXOG� EH� GXH� WR�
VHYHUDO�IDFWRUV�DIIHFWLQJ�3EuV�ELRDYDLODELOLW\��

/HDG�LV�D�QRQ�HVVHQWLDO�DQG�KLJKO\�WR[LF�PHWDO��
SRVLQJ� ULVNV� WR� QHXURORJLFDO�� UHSURGXFWLYH�� DQG�
GHYHORSPHQWDO�V\VWHPV�LQ�ERWK�DTXDWLF�RUJDQLVPV�

DQG�KXPDQV�� ,WV�ELRDYDLODELOLW\� LV�RIWHQ� LQIOXHQFHG�
E\� HQYLURQPHQWDO� IDFWRUV� VXFK� DV� VHGLPHQW�
FRPSRVLWLRQ�� RUJDQLF� PDWWHU� DQG� WKH� UHGR[�
FRQGLWLRQV�RI� WKH�DTXDWLF� HQYLURQPHQW��ZKLFK�FDQ�
VHTXHVWHU� 3E� LQ� IRUPV� WKDW� DUH� OHVV� ELRDYDLODEOH��
7KH� QHJDWLYH� FRUUHODWLRQ� REVHUYHG� LQ� WKLV� VWXG\�
FRQWUDVWV� ZLWK� WKH� SRVLWLYH� FRUUHODWLRQV� IRXQG� LQ�
RWKHU�VSHFLHV��VXFK�DV�&RUELFXOD�VS���ZKLFK�WHQG�WR�
DFFXPXODWH�3E�LQ�SURSRUWLRQ�WR�LWV�VHGLPHQW�OHYHOV��
7KLV�GLIIHUHQFH�VXJJHVWV�WKDW�/DQFHRODULD�VS��PD\�
KDYH� GHYHORSHG� SK\VLRORJLFDO� PHFKDQLVPV� WR�
UHJXODWH� RU� OLPLW� 3E� XSWDNH�� SRWHQWLDOO\� UHGXFLQJ�
WKH�ULVN�RI�3E�WR[LFLW\�ZLWKLQ�WKLV�VSHFLHV��

'HVSLWH� WKH� QHJDWLYH� FRUUHODWLRQ�� LW� LV�
LPSRUWDQW� WR� QRWH� WKDW� 3E� FRQFHQWUDWLRQV� LQ�
/DQFHRODULD�VS��VWLOO�H[FHHGHG�SHUPLVVLEOH�OHYHOV�DW�
��� RXW� RI� ��� VDPSOLQJ� ORFDWLRQV�� DFFRUGLQJ� WR� WKH�
4&91� ���������%<7� >��@�� 7KLV� ZLGHVSUHDG� 3E�
FRQWDPLQDWLRQ� UDLVHV� VLJQLILFDQW� FRQFHUQV�� DQG�
ZKLOH� /DQFHRODULD� VS�� PD\� QRW� EH� WKH� PRVW�
VHQVLWLYH� LQGLFDWRU� RI� 3E� SROOXWLRQ�� WKH� KLJK� 3E�
OHYHOV� LQ� WKH� VHGLPHQWV� WKHPVHOYHV� ZDUUDQW�
LPPHGLDWH�DWWHQWLRQ��

=LQF��=Q��DV�D�&RQVLVWHQW�%LRLQGLFDWRU�

=LQF� �=Q��� OLNH� &X�� VKRZHG� D� VWURQJ� SRVLWLYH�
FRUUHODWLRQ�EHWZHHQ� LWV�FRQFHQWUDWLRQ� LQ� VHGLPHQW�
DQG� LQ� /DQFHRODULD� VS�� WLVVXH�� ZLWK� D� FRUUHODWLRQ�
FRHIILFLHQW� RI� U�  � ����� �S� �� ������� DV� GHVFULEHG�E\�
WKH�HTXDWLRQ�<� ������
;�����������)LJXUH��F���=Q�
LV�DQ�HVVHQWLDO�PLFURQXWULHQW��SOD\LQJ�D�FUXFLDO�UROH�
LQ�SURWHLQ�V\QWKHVLV��HQ]\PH�IXQFWLRQ��DQG�FHOOXODU�
JURZWK� LQ� DTXDWLF� RUJDQLVPV��+RZHYHU��H[FHVVLYH�
=Q� FRQFHQWUDWLRQV� FDQ� EH� WR[LF�� OHDGLQJ� WR�
PHWDEROLF� GLVWXUEDQFHV� DQG� LQKLELWLRQ� RI� JURZWK�
DQG�UHSURGXFWLRQ��

7KH� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� =Q� LQ�
VHGLPHQWV� DQG� /DQFHRODULD� VS�� WLVVXH� UHIOHFWV� WKH�
PHWDOuV� KLJK� ELRDYDLODELOLW\� LQ� DTXDWLF�
HQYLURQPHQWV��=Q�LV�FRPPRQO\�IRXQG�LQ�LQGXVWULDO�
ZDVWH�� DJULFXOWXUDO� UXQRII� DQG� GRPHVWLF� VHZDJH��
ZKLFK� FRQWULEXWH� WR� LWV� SUHVHQFH� LQ� ULYHU�
VHGLPHQWV�� *LYHQ� LWV� VWURQJ� FRUUHODWLRQ� ZLWK�
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VHGLPHQW�OHYHOV��/DQFHRODULD�VS��FDQ�EH�HIIHFWLYHO\�
XVHG� DV� D� ELRLQGLFDWRU� IRU� PRQLWRULQJ� =Q�
FRQWDPLQDWLRQ� LQ� DTXDWLF� HFRV\VWHPV�� 6LPLODU�
ILQGLQJV�KDYH�EHHQ�UHSRUWHG�LQ�VWXGLHV�IURP�RWKHU�
UHJLRQV�� VXFK�DV�0LQJ�HW� DO�� �������>��@�UHVHDUFK�
LQ� WKH� <HOORZ� 5LYHU� 'HOWD�� &KLQD�� ZKHUH� VWURQJ�
FRUUHODWLRQV� EHWZHHQ�=Q� LQ� VHGLPHQW� DQG�EHQWKLF�
VSHFLHV�ZHUH�DOVR�REVHUYHG��

&DGPLXP��&G��DQG�,QFRQVLVWHQW�$FFXPXODWLRQ�
3DWWHUQV�

7KH� UHODWLRQVKLS� EHWZHHQ� FDGPLXP� �&G��
FRQFHQWUDWLRQV� LQ� VHGLPHQW� DQG� /DQFHRODULD� VS��
WLVVXH�ZDV�ZHDN��ZLWK�D�FRUUHODWLRQ�FRHIILFLHQW�RI�U�
 � ����� �S� !� ������� LQGLFDWLQJ� WKDW� &G�
ELRDFFXPXODWLRQ� LQ� /DQFHRODULD� VS�� LV� QRW� FORVHO\�
UHODWHG�WR� LWV�VHGLPHQW� OHYHOV��)LJXUH��G���&G� LV� D�
KLJKO\� WR[LF� PHWDO� WKDW� FDQ� FDXVH� VHYHUH� KHDOWK�
HIIHFWV�� LQFOXGLQJ� NLGQH\� GDPDJH� DQG� VNHOHWDO�
GHIRUPLWLHV�� WKURXJK�FKURQLF�H[SRVXUH�� ,W� LV�RIWHQ�
UHOHDVHG� LQWR� WKH� HQYLURQPHQW� WKURXJK� LQGXVWULDO�
SURFHVVHV� VXFK� DV� PLQLQJ�� PHWDO� SODWLQJ� DQG�
EDWWHU\�PDQXIDFWXULQJ��

7KH� ZHDN� FRUUHODWLRQ� IRXQG� LQ� WKLV� VWXG\�
VXJJHVWV�WKDW�&GuV�ELRDYDLODELOLW\� LQ�WKH�&DX�5LYHU�
PD\� EH� LQIOXHQFHG� E\� RWKHU� IDFWRUV�� VXFK� DV� LWV�
FKHPLFDO� VSHFLDWLRQ�� VHGLPHQW� FKDUDFWHULVWLFV�� RU�
FRPSHWLWLRQ� ZLWK� RWKHU� PHWDOV�� &G� PD\� IRUP�
FRPSOH[HV�ZLWK� RUJDQLF�PDWWHU� RU� VXOILGHV� LQ� WKH�
VHGLPHQW��UHGXFLQJ�LWV�ELRDYDLODELOLW\�IRU�XSWDNH�E\�
/DQFHRODULD� VS�� 3UHYLRXV� VWXGLHV�RQ�&RUELFXOD� VS��
DOVR�UHSRUWHG�LQFRQVLVWHQW�FRUUHODWLRQV�EHWZHHQ�&G�
LQ�VHGLPHQW�DQG�WLVVXH��DV�VHHQ�LQ�WKH�ZRUN�RI�%XL�
7KL� 7KX� HW� DO�� ������� >�@�� ZKHUH�&G� LQ�&RUELFXOD�
VS�� DQG� VHGLPHQW� KDG� D� ORZ� DQG� LQFRQVLVWHQW�
FRUUHODWLRQ��U� ��������S�!��������7KLV�VXJJHVWV�WKDW�
&G� ELRDFFXPXODWLRQ� SDWWHUQV� PD\� YDU\�
VLJQLILFDQWO\� EHWZHHQ� VSHFLHV� DQG� HQYLURQPHQWDO�
FRQGLWLRQV�� OLPLWLQJ� /DQFHRODULD� VS�
V� XWLOLW\� DV� D�
FRQVLVWHQW�ELRLQGLFDWRU�IRU�&G�FRQWDPLQDWLRQ��

&KURPLXP��&U��%LRDYDLODELOLW\�&KDOOHQJHV�

&KURPLXP��&U��VKRZHG�D�QHJDWLYH�FRUUHODWLRQ�
EHWZHHQ� LWV� FRQFHQWUDWLRQ� LQ� VHGLPHQWV� DQG�

/DQFHRODULD� VS�� WLVVXH�� ZLWK� D� FRUUHODWLRQ�
FRHIILFLHQW� RI� U�  � ������ �S� !� ������� DV� VKRZQ� LQ�
)LJXUH��H��7KLV�VXJJHVWV�WKDW�&U� LQ�WKH�&DX�5LYHU�
VHGLPHQWV�LV�QRW�UHDGLO\�ELRDYDLODEOH�IRU�XSWDNH�E\�
/DQFHRODULD�VS���GHVSLWH� LWV�KLJK�FRQFHQWUDWLRQV� LQ�
WKH� VHGLPHQW�� &U� LV� D� NQRZQ� FDUFLQRJHQ��
SDUWLFXODUO\�LQ�LWV�KH[DYDOHQW�IRUP��&U�9,����ZKLFK�
SRVHV� VLJQLILFDQW� ULVNV� WR� ERWK� DTXDWLF� OLIH� DQG�
KXPDQV�� +RZHYHU�� &U�9,�� FDQ� EH� UHGXFHG� WR�
&U�,,,��� D� OHVV� WR[LF� IRUP�� LQ� DQR[LF� FRQGLWLRQV�
W\SLFDOO\� IRXQG� LQ� ULYHU� VHGLPHQWV�� ZKLFK� PD\�
H[SODLQ� WKH� ORZ� ELRDFFXPXODWLRQ� REVHUYHG� LQ� WKLV�
VWXG\��

7KH� QHJDWLYH� FRUUHODWLRQ� REVHUYHG� IRU� &U� LV�
FRQVLVWHQW� ZLWK� RWKHU� VWXGLHV� WKDW� KDYH� IRXQG�
OLPLWHG� ELRDYDLODELOLW\� RI� &U� LQ� VHGLPHQWV�� )RU�
LQVWDQFH�� &U� RIWHQ� IRUPV� LQVROXEOH� SUHFLSLWDWHV� RU�
FRPSOH[HV�ZLWK�RUJDQLF�PDWWHU�DQG�FOD\�SDUWLFOHV��
ZKLFK� FDQ� VLJQLILFDQWO\� UHGXFH� LWV� PRELOLW\� DQG�
XSWDNH� E\� DTXDWLF� RUJDQLVPV�� 7KLV� ILQGLQJ�
VXJJHVWV�WKDW�/DQFHRODULD�VS��PD\�QRW�EH�D�UHOLDEOH�
ELRLQGLFDWRU� IRU� &U� FRQWDPLQDWLRQ�� DV� LWV� WLVVXH�
FRQFHQWUDWLRQV� GR� QRW� UHIOHFW� WKH� VHGLPHQW� OHYHOV�
DFFXUDWHO\��+RZHYHU�� WKH� SUHVHQFH�RI� HOHYDWHG�&U�
FRQFHQWUDWLRQV� LQ� WKH� VHGLPHQWV� WKHPVHOYHV�
UHPDLQV�D�FRQFHUQ��SDUWLFXODUO\�JLYHQ�WKH�SRWHQWLDO�
IRU�&U�9,��FRQWDPLQDWLRQ�IURP�LQGXVWULDO�VRXUFHV��

2YHUDOO�+HDY\�0HWDO�&RUUHODWLRQ�3DWWHUQV�

)LJXUH� �I� SURYLGHV� DQ� RYHUYLHZ� RI� WKH�
FRUUHODWLRQ� EHWZHHQ� WRWDO� KHDY\� PHWDO�
FRQFHQWUDWLRQV� �&X�� 3E�� =Q�� &G� DQG� &U�� LQ�
/DQFHRODULD� VS�� WLVVXH� DQG� VHGLPHQWV��7KH�RYHUDOO�
FRUUHODWLRQ� FRHIILFLHQW� RI� U�  � ����� �S� �� ������
VXJJHVWV� D� PRGHUDWH� SRVLWLYH� UHODWLRQVKLS��
LQGLFDWLQJ� WKDW� WKH� ELRDFFXPXODWLRQ� RI� KHDY\�
PHWDOV�LQ�/DQFHRODULD�VS��LV�LQIOXHQFHG�E\�VHGLPHQW�
FRQFHQWUDWLRQV� EXW� LV� DOVR� PRGXODWHG� E\� RWKHU�
HQYLURQPHQWDO�IDFWRUV��

7KH� YDU\LQJ� GHJUHHV� RI� FRUUHODWLRQ� IRU�
GLIIHUHQW� PHWDOV� UHIOHFW� WKH� FRPSOH[LW\� RI� KHDY\�
PHWDO� ELRDFFXPXODWLRQ� LQ� DTXDWLF� HFRV\VWHPV��
0HWDOV� VXFK� DV� &X� DQG� =Q�� ZKLFK� VKRZ� VWURQJ�
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SRVLWLYH�FRUUHODWLRQV��DUH�PRUH�UHDGLO\�ELRDYDLODEOH�
DQG� DFFXPXODWH� FRQVLVWHQWO\� LQ� /DQFHRODULD� VS���
PDNLQJ� WKHP� UHOLDEOH� LQGLFDWRUV� RI� VHGLPHQW�
FRQWDPLQDWLRQ��,Q�FRQWUDVW��PHWDOV�VXFK�DV�3E��&G��
DQG� &U� H[KLELW� ZHDNHU� RU� QHJDWLYH� FRUUHODWLRQV��
VXJJHVWLQJ� WKDW� WKHLU� ELRDYDLODELOLW\� DQG�
ELRDFFXPXODWLRQ� DUH� LQIOXHQFHG� E\� RWKHU� IDFWRUV�
VXFK�DV�VHGLPHQW�FKHPLVWU\��PHWDO�VSHFLDWLRQ��DQG�
WKH�SK\VLRORJLFDO�FKDUDFWHULVWLFV�RI�WKH�RUJDQLVP��

,PSOLFDWLRQV�IRU�(QYLURQPHQWDO�0RQLWRULQJ�

7KH� ILQGLQJV� RI� WKLV� VWXG\� KDYH� LPSRUWDQW�
LPSOLFDWLRQV� IRU� XVLQJ� /DQFHRODULD� VS�� DV� D�
ELRLQGLFDWRU� RI� KHDY\� PHWDO� SROOXWLRQ� LQ� DTXDWLF�
HFRV\VWHPV�� 7KH� VWURQJ� SRVLWLYH� FRUUHODWLRQV�
REVHUYHG� IRU�&X� DQG�=Q�VXJJHVW� WKDW�/DQFHRODULD�
VS��FDQ�EH�UHOLDEO\�XVHG�WR�PRQLWRU�FRQWDPLQDWLRQ�
OHYHOV� IRU� WKHVH�PHWDOV� LQ� ULYHU�VHGLPHQWV��7KLV� LV�

SDUWLFXODUO\� YDOXDEOH� IRU� WUDFNLQJ� SROOXWLRQ� IURP�
LQGXVWULDO� DFWLYLWLHV�� DV� &X� DQG� =Q� DUH� FRPPRQO\�
DVVRFLDWHG� ZLWK� PDQXIDFWXULQJ� SURFHVVHV�� PHWDO�
SODWLQJ��DQG�PLQLQJ�RSHUDWLRQV��

+RZHYHU�� WKH� ZHDN� RU� QHJDWLYH� FRUUHODWLRQV�
IRU�3E��&G�DQG�&U�KLJKOLJKW�WKH�OLPLWDWLRQV�RI�XVLQJ�
/DQFHRODULD� VS�� DV� D� XQLYHUVDO� ELRLQGLFDWRU� IRU� DOO�
KHDY\�PHWDOV��7KH�ELRDYDLODELOLW\�RI�WKHVH�PHWDOV�LV�
LQIOXHQFHG�E\�FRPSOH[�HQYLURQPHQWDO� IDFWRUV��DQG�
WKHLU� DFFXPXODWLRQ� LQ� /DQFHRODULD� VS�� PD\� QRW�
DFFXUDWHO\� UHIOHFW� VHGLPHQW� FRQWDPLQDWLRQ� OHYHOV��
7KHUHIRUH�� HQYLURQPHQWDO� PRQLWRULQJ� SURJUDPV�
VKRXOG� FRQVLGHU� XVLQJ� PXOWLSOH� ELRLQGLFDWRU�
VSHFLHV� WR� REWDLQ� D� PRUH� FRPSUHKHQVLYH�
DVVHVVPHQW� RI� KHDY\� PHWDO� SROOXWLRQ�� SDUWLFXODUO\�
IRU� PHWDOV� OLNH� 3E� DQG� &U� WKDW� H[KLELW� YDULDEOH�
ELRDFFXPXODWLRQ�SDWWHUQV��
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)LJXUH����*UDSK�RI�WKH�UHODWLRQVKLS�EHWZHHQ�KHDY\�PHWDOV�LQ�WKH�/DQFHRODULD�VS��DQG�&DX�5LYHU�VHGLPHQW�

&RPSDULVRQ� UHVHDUFK� UHVXOWV� ZLWK� VWXGLHV� DW�
VRPH� RWKHU� ORFDWLRQV� DUH� SUHVHQWHG� LQ� WDEOH� �� DV�
IROORZV��

&RPSDULQJ� WKH� UHVHDUFK� UHVXOWV� ZLWK� VWXGLHV�
DW�D�QXPEHU�RI�RWKHU�ORFDWLRQV��LW�VKRZV�WKDW�WKHUH�
LV� D� FORVH� DQG� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� WKH�
PHWDOV� &X� DQG� &G� LQ� WKH� /DQFHRODULD� VS���
&RUELFXOLGDH� VS��� DQG� WKH� VHGLPHQWV�RI�&DX�5LYHU�
LQ�1RUWK�9LHWQDP��7KHUH� DUH� VLPLODULWLHV�ZLWK� WKH�

UHVXOWV� RI� UHVHDUFK� GHWHUPLQLQJ� UHODWLRQVKLSV� LQ�
VHGLPHQWV� RI� VRPH� ULYHUV� LQ� WKH� &HQWUDO� DQG�
1RUWKHUQ� UHJLRQV� RI� � 9LHWQDP�� 7KLV� VKRZV� WKDW�
WKHUH� DUH� VLPLODULWLHV� EHWZHHQ� WKH� DXWKRUuV�
UHVHDUFK� UHVXOWV� DQG� VRPH� RWKHU� DXWKRUuV��
5HVHDUFK�UHVXOWV�VKRZ�WKDW�LW�LV�LQLWLDOO\�SRVVLEOH�WR�
XVH� D[RSODVPRVLV� DV� DQ� LQGLFDWRU� RUJDQLVP� WR�
PRQLWRU�KHDY\�PHWDO�SROOXWLRQ�LQ�VHGLPHQWV�LQ�WKH�
&DX�5LYHU�LQ�1RUWKHUQ�9LHWQDP��

7DEOH����&RPSDULVRQ�RI�UHVHDUFK�UHVXOWV�ZLWK�RWKHU�VWXGLHV�

7KLV�UHVHDUFK� 2WKHU�UHVHDUFK�5HODWLRQVKLS�RI�
KHDY\�PHWDO�FRQWHQW��
LQ�/DQFHRODULD�VS��
DQG�ULYHU�VHGLPHQWV�

&DX�5LYHU��9LHWQDP�
&RUELFXOLGDH�VS��
(VWXDU\�RI�FHQWUDO�

9LHWQDP�

&RUELFXOLGDH�VS��DW�WKH�
GRRU�RI�&X�'H�5LYHU��'D�

1DQJ�FLW\��9LHWQDP�
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���&21&/86,21�

7KLV� VWXG\� TXDQWLILHG� KHDY\� PHWDO�
FRQFHQWUDWLRQV� LQ� /DQFHRODULD� VS�� IURP� WKH� &DX�
5LYHU�� UHYHDOLQJ� D� GHFUHDVLQJ� RUGHU� RI�

DFFXPXODWLRQ�DV� IROORZV��=Q�!�&X�!�3E�!�&U�!�&G��
7KH�DYHUDJH�=Q� FRQFHQWUDWLRQ�ZDV� �������PJ�NJ�
GU\� ZHLJKW� ������� PJ�NJ� IUHVK� ZHLJKW��� &X� ZDV�
������� PJ�NJ� GU\� ZHLJKW� ������� PJ�NJ� IUHVK�
ZHLJKW��� DQG� 3E� ZDV� ������� PJ�NJ� GU\� ZHLJKW�
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�������PJ�NJ� IUHVK� ZHLJKW��� )RU� &U� DQG�&G�� WKH�
DYHUDJH� FRQFHQWUDWLRQV� ZHUH� ������ PJ�NJ� DQG�
������PJ�NJ�GU\�ZHLJKW�� UHVSHFWLYHO\��&KURPLXP�
H[FHHGHG� WKH� +RQJ� .RQJ� VWDQGDUGV� DW� ��� RI� ���
PRQLWRULQJ� VLWHV� DQG� 3E� OHYHOV� IUHTXHQWO\�
VXUSDVVHG� 4&91� ���������%<7� OLPLWV� LQ�
/DQFHRODULD�VS��

7KH� VWXG\� HVWDEOLVKHG� VLJQLILFDQW� SRVLWLYH�
FRUUHODWLRQV� EHWZHHQ� WKH� FRQFHQWUDWLRQV� RI� � &X��
3E�� =Q� DQG� &G� LQ� /DQFHRODULD� VS�� DQG�
FRUUHVSRQGLQJ� VHGLPHQW� VDPSOHV� �U� !� ����� S� ��
������� 3DUWLFXODUO\�� &X� DQG� =Q� H[KLELWHG� VWURQJ�
FRUUHODWLRQV� ZLWK� VHGLPHQW�� FRQILUPLQJ� WKHLU�
ELRDYDLODELOLW\� DQG� DFFXPXODWLRQ� LQ� WKH� RUJDQLVP��
7KHVH� ILQGLQJV� DOLJQ� ZLWK� H[LVWLQJ� VWXGLHV��
XQGHUVFRULQJ� WKH� XWLOLW\� RI� /DQFHRODULD� VS�� DV� D�
ELRLQGLFDWRU� IRU� KHDY\� PHWDO� SROOXWLRQ� LQ� DTXDWLF�
HFRV\VWHPV�� SDUWLFXODUO\� IRU� &X� DQG� =Q�
FRQWDPLQDWLRQ��
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���6KRX�=KDR��&KHQJKRQJ��)HQJ���<LUX��<DQJ���
-XQIHQJ� � 1LX�� � =KHQ\DR� � 6KHQ�� �������� 5LVN��
DVVHVVPHQW� � RI� � VHGLPHQWDU\� � PHWDOV� � LQ� � WKH��
<DQJW]H� � (VWXDU\�� � 1HZ� � HYLGHQFH� RI� � WKH��
UHODWLRQVKLSV� � EHWZHHQ� � WZR� � W\SLFDO� � LQGH[��
PHWKRGV�� -RXUQDO� � RI� �+D]DUGRXV� �0DWHULDOV��1RY�
���������������������������

��� ;LDROLQJ� 0D�� +DQJ� =XR�� 0HQJMLQJ� 7LDQ��
/L\DQJ�=KDQJ�� -LD�0HQJ��;XHQLQJ�=KRX��1D�0LQ��
;LQ\XDQ� &KDQJ�� <LQJ� /LX�� �������� $VVHVVPHQW� RI�
KHDY\� PHWDOV� FRQWDPLQDWLRQ� LQ� VHGLPHQWV� IURP�
WKUHH� DGMDFHQW� UHJLRQV� RI� WKH� <HOORZ� 5LYHU� XVLQJ�
PHWDO�FKHPLFDO� IUDFWLRQV�DQG�PXOWLYDULDWH�DQDO\VLV�
WHFKQLTXHV��&KHPRVSKHUH�������SS��������������

���6XMDXO�,VODP�0LU��0G��$EGXO�.DULP��0��,GULV�
DOL� DQG� 1RUDP� ,�� 5DPOL�� �������� � $VVHVVPHQW� RI�
KHDY\� PHWDO� FRQWHQWVLQ� VXUIDFH� VHGLPHQW� RI� WKH�
WXQJJXN�ULYHU�VXUURXQGLQJ�WKH�LQGXVWULDO�FRPSOH[�
RI� JHEHQJ� FLW\�� %LRUHVHDUFK� &RPPXQLFDWLRQV��
������SS�������������

��� &DX� 5LYHU� %DVLQ� (QYLURQPHQWDO� 3URWHFWLRQ�
&RPPLWWHH� �������� 5HSRUW� RQ� WKH� LPSOHPHQWDWLRQ�
RI�WKH�RYHUDOO�SURMHFW�RQ�SURWHFWLRQ�DQG�VXVWDLQDEOH�
GHYHORSPHQW�RI�HFRORJLFDO�HQYLURQPHQW��ODQGVFDSH�

RI� &DX� 5LYHU� EDVLQ� LQ� ������ SURSRVLQJ�
LPSOHPHQWDWLRQ�SODQ�������

���0DDQDQ�0����������%LRPRQLWRULQJ�RI�KHDY\�
PHWDOV� XVLQJ� 0\WLOXV� JDOORSURYLQFLDOLV� LQ� 6DIL�
&RDVWDO�:DWHUV��0RUURFR�� (QYLU�� 7R[LF�� ����������
�����������

��� %XL� 7KĞ� 7KX��1JX\HQ� 7KL� +RQJ�+DQK�� /H�
ïDQJ�1JRF� ��������5HVHDUFK�RQ�GHWHUPLQDWLRQ�RI�
&X�� 3E��&G� FRQWHQW� LQ�PXVVHO� VSHFLHV� �&RUELFXOD�
VS���DQG�&DX�5LYHU�VHGLPHQW� IORZLQJ�WKURXJK�%DF�
*LDQJ�DQG�%DF�1LQK�SURYLQFHV��-RXUQDO�RI�6FLHQFH��
9LHWQDP� 1DWLRQDO� 8QLYHUVLW\�� +DQRL�� 9LHWQDP�
(DUWK�DQG�(QYLURQPHQW��,661��������������9ROXPH�
����1R�����SS�������������

���-RQQD�3���6RNRORZVNL�$����������0XVVHO�DV�D�
WRRO� LQ� PHWDO� SROOXWLRQ� ELRPRQLWRULQJ� �� FXUUHQW�
VWDWXV� DQG� SHUVSHFWLYH�� ,Q�� 0XVVHO� �� $QDWRP\��
+DELWDW� DQG�(QYLURQPHQWDO� ,PSDFW��1RYD� 6FLHQFH�
3XEOLVKHUV��,QF��SS�������������

��� 2YHUVHDV� (QYLURQPHQWDO� &RRSHUDWLRQ�
&HQWHU���������-DSDQ��7H[W�%RRN� IRU�6DPSOLQJ� IRU�
HQYLURQPHQWDO�0RQLWRULQJ��

���2KLR�(3$���������6HGLPHQW�6DPSOLQJ�*XLGH�
DQG�0HWKRGRORJLHV���HG��&ROXPEXV�2KLR��

���� 86� (3$� �������� �0HWKRGV� IRU�&ROOHFWLRQ��
6WRUDJH� DQG� 0DQLSXODWLRQ� RI� 6HGLPHQWV� IRU�
&KHPLFDO� DQG� 7R[LFRORJLFDO� $QDO\VHV�7HFKQLFDO�
0DQXDO�� 8�6�� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\��
:DVKLQJWRQ��'&��

���� ,62� ����� �� ��� �������� :DWHU� TXDOLW\� ��
6DPSOLQJ���3DUW�����*XLGDQFH�RQ�SUHVHUYDWLRQ�DQG�
KDQGOLQJ�RI�VOXGJH�DQG�VHGLPHQW�VDPSOHV��

����86�(3$���������(3$�����%�$FLG�GLJHVWLRQ�
RI�VHGLPHQWV��VOXGJHV�DQG�VRLOV��

���� 0LQLVWU\� RI� 1DWXUDO� 5HVRXUFHV� DQG�
(QYLURQPHQW� �������� 4&91� ��������%7107� ��
1DWLRQDO�WHFKQLFDO�UHJXODWLRQ�RQ�VHGLPHQW�TXDOLW\��

���� &DQDGLDQ� &RXQFLO� RI� 0LQLVWHUV� RI� WKH�
(QYLURQPHQW� �������� &DQDGLDQ� VHGLPHQW� TXDOLW\�
JXLGHOLQHV�IRU�WKH�SURWHFWLRQ�RI�DTXDWLF�OLIH��6XPPDU\�
WDEOHV��8SGDWHG��,Q�&DQDGLDQ�(QYLURQPHQWDO�4XDOLW\�
*XLGHOLQHV� ������ &DQDGLDQ� &RXQFLO� RI� 0LQLVWHUV� RI�
WKH�(QYLURQPHQW��:LQQLSHJ��
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���� 86� � (3$� �������� 7R[LFRORJLFDO�
%HQFKPDUNV� IRU� 6&GHHQLQJ� &RQWDPLQDQWV� RI�
3RWHQWLDO� FRQFHUQ� IRU� (IIHFWV� RQ� 6HGLPHQW� ��
$VVRFLDWHG�%LRWD��5HSRUW�RI� WKH�6HGLPHQW�&GLWHULD�
6XEFRPPLWWHH�� 6FLHQFH� $GYXVRU\� %RDUG��
(6�(5�70����5��� 8�6� HQYLURQPHQWDO� 3URWHFWLRQ�
$JHQF\��:DVKLQJWRQ��'&��

���� 0LQLVWU\� RI� +HDOWK� �������� 4&91� ���
�������%<7� �� 1DWLRQDO� WHFKQLFDO� UHJXODWLRQ� RQ�
SROOXWLRQ�OLPLWV�LQ�IRRG���

����/DZV�RI�+RQJ�.RQJ���������3DUW�9� �)RRG�
DQG� 'UXJV�� RI� WKH� 3XEOLF� +HDOWK� DQG� 0XQLFLSDO��
0D[LPXP� SHUPLWWHG� FRQFHQWUDWLRQ� RI� � PHWDOV�
SUHVHQW�LQ�VSHFLILHO�IRRG��

����)DQJ��=��4���&KHXQJ��5��<��+���	�:RQJ��0��
+� �������� +HDY\� PHWDO� FRQFHQWUDWLRQV� LQ� HGLEOH�
ELYDOYHV�DQG�JDVWURSRGV�DYDLODEOH�LQ�PDMRU�PDUNHWV�
RI�WKH�3HDUO�5LYHU�'HOWD��-RXUQDO�RI�(QYLURQPHQWDO�
6FLHQFHV��������������������

���� 0DL� 9DQ� 1DP� �������� 7H[WERRN� RI�
(FRQRPLF� 6WDWLVWLFV� 3ULQFLSOHV�� &XOWXUH� DQG�
,QIRUPDWLRQ�3XEOLVKLQJ�+RXVH��

����1JX\HQ�9DQ�.KDQK��7UDQ�'X\�9LQK��/H�+D�
<HQ�1KL���������&RQWHQWV�RI�KHDY\�PHWDO��+J��&G��
3E�� &U�� LQ� ELYDOYHV� IURP� HVWXDULHV� � LQ� FHQWUDO�
9LHWQDP�� -RXUQDO� RI� 0DULQH� 6FLHQFH� DQG�
7HFKQRORJ\��YRO�����QR�����SS�������������

���� 9R� 9DQ�0LQK�� 1JX\HQ� 9DQ� .KDQK�� .LHX�
7KL�.LQK��9X�7KL�3KXRQJ�$QK���������&RQWHQW�RI�
&G�� &G�� &G� DQG� +J� LQ� VHGLPHQW� DQG� PXVVHO�
�&RUELFXOD� VS��� LQ� VRPH� HVWXDULHV� LQ� WKH� FHQWUDO�
UHJLRQ�9LHWQDP��-RXUQDO�RI�%LRORJ\��YRO������QR�����
�����������
���� %XL�7KL�7KX��0DL�ïDQJ�.KRD��1JX\HQ�7KL�
+RQJ� +DQK�� 1JX\HQ� .KDF� 7KDQK� �������� 7KH�
VWXG\� LGHQWLILHV� WKH� UHODWLRQVKLS� EHWZHHQ� WKH�
FRQWHQW�RI�VRPH�KHDY\�PHWDOV� LQ�PXVVHOV��&RUELFXOD�
VS��� $QG� VHGLPHQWV� RI� &DX� 5LYHU� EDVLQ�� IORZLQJ�
WKURXJK� 7KDL� 1JX\HQ� SURYLQFH�� -RXUQDO� RI�
$JULFXOWXUH� DQG� 5XUDO� 'HYHORSPHQW�� ,661� ����� ��
������QR�����SS�����������

���� 0LQJ� /L�� :HL� <DQJ�� 7DR� 6XQ�� <XZDQ� -LQ�
�������� 3RWHQWLDO� HFRORJLFDO� ULVN� RI� KHDY\� PHWDO�
FRQWDPLQDWLRQ� LQ� VHGLPHQWV� DQG�PDFGREHQWKRV� LQ�
FRDVWDO�ZHWODQGV�LQFOXGHG�E\�IUHVKZDWHU�UHOHDVHV��$�
FDVH�VWXG\�LQ�WKH�<HOORZ�5LYHU�'HOWD��&KLQD��0DULQH�
3ROOXWLRQ�%XOOHWLQ��������������������������

����1JX\HQ�9DQ�.KDQK��9R�9DQ�0LQK��3KDP�
7KL� +RQJ� +D�� 'XRQJ� &RQJ� 9LQK� �������� $V�� 3E�
FRQFHQWUDWLRQV�DFFXPXODWHG�LQ�PXVVHOV��&RUELFXOD�
VS��� $QG� ULYHU� R\VWHUV� �2UWUHD� ULYXODULV� *RXOG��
������ DW� WKH� ULYHU� PRXWK� &X� 'H�� 'D� 1DQJ� &LW\��
-RXUQDO� RI� 0DULQH� 6FLHQFH� DQG� 7HFKQRORJ\��
2FWREHU��QR����SS�����������
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