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(��1DQX�����.��9ULQGD�0HQRQ����
%��6XQLO��DQG�&��/DWKD�
'HSDUWPHQW�RI�9HWHULQDU\�3XEOLF�+HDOWK
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\����������7KULVVXU��.HUDOD

$EVWUDFW
7KH� HIIHFWLYHQHVV� RI� VDQLWL]HUV� LQ

FRQWUROOLQJ�WKH�EDFWHULDO�ORDG�RI�SLJ�FDUFDVV�LV
VWXGLHG��7KH�HIIHFW�RI�RUJDQLF�DFLGV��YL]���DFHWLF
DQG� ODFWLF� DFLG�� SRWDVVLXP� VRUEDWH� LQ
FRPELQDWLRQ�ZLWK�ODFWLF�DFLG�DQG�FKORULQH�LQ�WKH
GHFRQWDPLQDWLRQ�RI�WKH�FDUFDVVHV�DW�GLIIHUHQW
FRQFHQWUDWLRQV�UHYHDOHG�WKDW�DOO�WKH�VDQLWL]HUV
FRXOG� UHGXFH� WKH� EDFWHULDO� ORDG� RI� WKH
FDUFDVVHV��+RZHYHU�ODFWLF�DFLG�DW����OHYHO�ZDV
WKH�PRVW�HIIHFWLYH�LQ�UHGXFLQJ�WKH�WRWDO�YLDEOH
FRXQW��FROLIRUP��(VFKHULFKLD�FROL��HQWHURFRFFDO
DQG� VXOILWH� UHGXFLQJ� FORVWULGLXP� FRXQW� RI� WKH
FDUFDVVHV�
.H\ZRUGV��6DQLWL]HU�� ODFWLF�DFLG��DFHWLF�DFLG�
SRWDVVLXP� VRUEDWH�� FKORULQH�� SLJ� FDUFDVV�
EDFWHULD

�,Q�,QGLD��PHDW�LV�JHQHUDOO\�FRQVXPHG
IUHVK�� LPPHGLDWHO\� DIWHU� VODXJKWHU�� 'XULQJ
VODXJKWHU�RSHUDWLRQV��WKH�FDUFDVV�LV�H[SRVHG
WR�H[WUDQHRXV�FRQWDPLQDWLRQ�DQG�WHPSHUDWXUH
YDULDWLRQ�ZKLFK�IDYRXU�PLFURELDO�PXOWLSOLFDWLRQ
DQG�VXEVHTXHQW� UHGXFWLRQ� LQ� WKH�VKHOI� OLIH�RI
PHDW�� 6HYHUDO� LQWHUYHQWLRQ� VWUDWHJLHV� KDYH
EHHQ�GHYHORSHG� WR� UHGXFH� WKH�EDFWHULDO� ORDG
RQ�FDUFDVV�VXUIDFHV��2QH�VXFK�VWUDWHJ\� WKDW
KDV�JDLQHG�UHODWLYHO\�ZLGH�DFFHSWDQFH� LQ� WKH
PHDW�SURFHVVLQJ�LQGXVWU\�LV�FDUFDVV�ZDVKLQJ
DQG�VDQLWL]LQJ��,Q�WKH�SUHVHQW�VWXG\��WKH�HIIHFW
RI� YDULRXV� VDQLWL]HUV� RQ� WKH� EDFWHULDO� FRXQWV
RI�SLJ�FDUFDVVHV�KDYH�EHHQ�HYDOXDWHG�

0DWHULDOV�DQG�0HWKRGV
'XULQJ� WKH� VWXG\�� D� WRWDO� RI� VL[� SLJ

FDUFDVVHV� ZHUH� FROOHFWHG� UDQGRPO\� IURP� D
PHDW�SURFHVVLQJ�SODQW�LQ�.HUDOD��WR�GHWHFW�WKH
DQWLEDFWHULDO�HIIHFW�RI�VDQLWL]HUV��(TXDO�QXPEHU
RI�FDUFDVVHV�VHOHFWHG�ZHUH�WUHDWHG�DV�FRQWURO
VDPSOHV�

7KH� VDQLWL]HUV� XVHG� LQ� WKH� VWXG\
LQFOXGHG�ODFWLF�DFLG�����DQG�������FRPELQDWLRQ
RI�3RWDVVLXP� VRUEDWH� ������� DQG� ODFWLF� DFLG
����� DQG� DFHWLF� DFLG� ���� DQG� ���� DQG
FKORULQH�� 7KH� VZDE� VDPSOHV�ZHUH� FROOHFWHG
IURP�����FP��DUHD�HDFK� IURP� MRZO��VKRXOGHU�
EDFRQ��ORLQ�DQG�KDP�UHJLRQV�RI�WKH�FDUFDVVHV�
7KH�VDPSOHV�IURP�HDFK�FDUFDVV�ZHUH�SRROHG
LQWR�����PO�RI������SHSWRQH�ZDWHU�

�7KH�WRWDO�YLDEOH�FRXQW��79&���FROLIRUP
FRXQW��&&��(VFKHULFKLD�FROL�FRXQW��HQWHURFRFFDO
FRXQW� �(&� DQG� VXOILWH� UHGXFLQJ� FORVWULGLXP
FRXQW� �65&�� ZDV� HVWLPDWHG� DV� SHU� WKH
SURFHGXUH� GHVFULEHG� E\� 'RZQHV� DQG� ,WR
�������7KH�GDWD�REWDLQHG�IURP�WKH�DERYH�VWXG\
ZDV�VXEMHFWHG�WR�VWDWLVWLFDO�DQDO\VLV�IROORZLQJ
SURFHGXUH�GHVFULEHG�E\�5DQJDVZDP\���������
5HVXOWV�DQG�'LVFXVVLRQ

7KH�HIIHFW�RI�GLIIHUHQW�VDQLWL]HUV�RQ�WKH
PHDQ� EDFWHULDO� FRXQW� RI� SLJ� FDUFDVVHV� LV
VKRZQ�LQ�WKH�WDEOH�

6WDWLVWLFDO� DQDO\VLV� RI� GDWD� UHYHDOHG
D�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�PHDQ�WRWDO�YLDEOH

5HFHLYHG�����������
$FFHSWHG�����������
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�� (IILFDF\�RI�FKHPLFDO�VDQLWL]HUV����

FRXQW�RI�WKH�WUHDWHG�FDUFDVVHV��7KH�WRWDO�YLDEOH
FRXQW��79&��ZDV�UHGXFHG�E\�DURXQG����� ORJ���FIX�FP��ZKHQ�FDUFDVVHV�ZHUH�WUHDWHG�ZLWK�ODFWLF
DFLG������DQG�FRPELQDWLRQ�RI�SRWDVVLXP�VRUEDWH
DQG�ODFWLF�DFLG��7KH�VLJQLILFDQW�UHGXFWLRQ�LQ�PHDQ
79&�FRXQW� RQ� WUHDWPHQW�ZLWK�DFHWLF� DFLG�DQG
FKORULQH� ����SSP�� ZDV� DOVR� REVHUYHG� E\
$QGHUVRQ�HW�DO�� �������RQ�DSSOLFDWLRQ�RI� WKHVH
VDQLWL]HUV� RQ� EHHI� FDUFDVVHV�� 0D[LPXP
UHGXFWLRQ�LQ�FROLIRUP�FRXQW�RI�WKH�FDUFDVVHV�IURP
��������� ORJ��� FIX�FP�� WR� ���������� DQG
���������� ORJ��� FIX�FP��ZDV� REVHUYHG� RQ
WUHDWPHQW�ZLWK� DFHWLF� DFLG� ����� DQG� FKORULQH
����SSP��UHVSHFWLYHO\��7KH�HIIHFW�RI�DFHWLF�DFLG
DQG�UHGXFWLRQ�RI�FRXQWV�E\���ORJ����FIX�FP��ZDV
REVHUYHG�E\�6DNKDUH�HW�DO���������)X�HW�DO��������
DOVR� UHSRUWHG�D�PDUNHG�GHFUHDVH� LQ�79&�DQG
FROLIRUP� FRXQW� RQ� WUHDWPHQW�ZLWK� DFHWLF� DFLG
������$OO� WKH�VDQLWL]HUV�H[FHSW� ODFWLF�DFLG� ����
UHYHDOHG� D� VLJQLILFDQW� HIIHFW� �3������� RQ� WKH
JURZWK�RI�(��FROL�FRXQW�ZKLFK�ZDV�LQ�DFFRUGDQFH
WR�WKH�UHVXOWV�RI�6PXOGHUV�DQG�*UHHU��������ZKR
UHSRUWHG�QR�HIIHFW�RI�ODFWLF�DFLG�RQ�(��FROL�2���+�
VWUDLQ�HYHQ�ZKHQ� WUHDWHG�ZLWK���� ODFWLF�DFLG��
(QWHURFRFFDO�FRXQWV�ZHUH�VLJQLILFDQWO\��3������
UHGXFHG�DW� ERWK� FRQFHQWUDWLRQV�RI� ODFWLF� DFLG�
+RZHYHU� ODFWLF� DFLG� DW� ��� OHYHO� GLG� QRW
VLJQLILFDQWO\� UHGXFH� WKH� JURZWK� RI� VXOSKLWH
UHGXFLQJ� FORVWULGLXP� FRXQW� ZKLFK� ZDV� DOVR
UHSRUWHG� E\�'RRUHV� �������ZKR� REVHUYHG� D
UHGXFWLRQ�LQ�WKH�JURZWK�RI�&ORVWULGLXP�ERWXOLQXP
DQG�&��SHUIULQJHQV� DW� KLJKHU� FRQFHQWUDWLRQ�RI
ODFWLF�DFLG�

� � � � � � � � �+HQFH�� WKH� XVH� RI� WKHVH� IRRG�JUDGH
VDQLWL]HUV�FRXOG�VLJQLILFDQWO\�UHGXFH�WKH�JURZWK
RI�YDULRXV�RUJDQLVPV�ZKLFK�ZLOO�IXUWKHU�KHOS�LQ
LPSURYLQJ�WKH�TXDOLW\�DQG�VKHOI�OLIH�RI�PHDW�
$FNQRZOHGJHPHQW

7KH�DXWKRUV�DUH�WKDQNIXO�WR�WKH�,QGLDQ
&RXQFLO� RI�$JULFXOWXUDO�5HVHDUFK��1HZ�'HOKL
IRU� IXQGLQJ� WKH� SURMHFW� RQ� ³%DFWHULDO� TXDOLW\
DVVXUDQFH�RI�PHDW�LQ�SURFHVVLQJ�SODQW�±.$8´�
7KH� IDFLOLWLHV� SURYLGHG� E\� WKH�'HDQ��&ROOHJH
RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV��0DQQXWK\
LV�DOVR�JUDWHIXOO\�DFNQRZOHGJHG�
5HIHUHQFHV
$QGHUVRQ��0�(���0DUVKDOO��5�7��6WULQJHU��:�&�

DQG�1DXPDQQ��+�'����������(IILFDFLHV
RI�WKUHH�VDQLWL]HUV�XQGHU�VL[�FRQGLWLRQV
RI� DSSOLFDWLRQ� WR� VXUIDFHV� RI� EHHI�
-��)RRG��6FL��������������

'RRUHV��6�������2UJDQLF�DFLGV���,Q��%UDQQHQ�
$�/�� DQG� 'DYLGVRQ�� $�0�� �(GV��
$QWLPLFURELDOV�LQ�IRRG��0DUFHO�'HNNHU�
1HZ�<RUN��SS��������

'RZQHV��)�3��DQG� ,WR��.��������&RPSHQGLXP
RI�PHWKRGV� IRU� WKH�PLFURELRORJLFDO
H[DPLQDWLRQ� RI� IRRGV�� �WK� HG��
$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ�
:DVKLQJWRQ�'&������S�

)X��$�+���6HEUDQQHN��-�*���DQG��0XUDQR��(�$�
������ 0LFURELDO� DQG� TXDOLW\
FKDUDFWHULVWLFV� � RI� SRUN� FXWV� IURP

7DEOH���(IIHFW�RI�VDQLWL]HUV�RQ�WKH�PHDQ�EDFWHULDO�FRXQWV�RI�SLJ�FDUFDVVHV

)LJXUHV�LQ�WKH�VDPH�FROXPQ�EHDULQJ�WKH�VDPH�VXSHUVFULSW�GLIIHU�VLJQLILFDQWO\
�)LJXUHV�LQ�WKH�VDPH�FROXPQ�EHDULQJ�GLIIHUHQW�VXSHUVFULSW�GR�QRW�GLIIHU�VLJQLILFDQWO\

�3 ����
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(��1DQX HW�DO�

FDUFDVVHV� WUHDWHG� ZLWK� VDQLWL]LQJ
VSUD\V��-��)RRG��6FL���������������

5DQJDVZDP\�5�� ������ � � $� WH[WERRN� RI
DJULFXOWXUDO� VWDWLVWLFV�� 1HZ� $JH
,QWHUQDWLRQDO� � 3XEOLVKHUV� /WG�� 1HZ
'HOKL������S�

6DNKDUH�� 3�=��� 6DFKHQGUD�� 1�0�� ��<DVKRGD�
.�3��DQG�5DR��1��'��������(IILFDF\�RI
LQWHUPLWWHQW� GHFRQWDPLQDWLRQ� WUHDW

PHQWV�GXULQJ�SURFHVVLQJ� LQ� UHGXFLQJ
WKH�PLFURELDO� ORDG�RQ�EURLOHU�FKLFNHQ
FDUFDVV��)RRG��&RQWURO�������������

6PXOGHUV�� )�� -��0�� DQG�*UHHU�� *�*�� � �����
,QWHJUDWLQJ�PLFURELDO�GHFRQWDPLQDWLRQ
ZLWK� RUJDQLF� DFLGV� LQ� +$&&3
SURJUDPPH� IRU� PXVFOH� IRRGV
SURVSHFWV� DQG� FRQWURYHUVLHV�� ,QW�
-���)RRG�0LFURELRO�� ������������


