
6KRUW�&RPPXQLFDWLRQ

6XLWDELOLW\�RI�$FDFLD�K\EULG�IRU�PDNLQJ�KDUGERDUG
1D]PD�.KDWXQ���0��0LVEDKXGGLQ��8��5R\�DQG�'DLV\�%LVZDV

%DQJODGHVK�)RUHVW�5HVHDUFK�,QVWLWXWH�
3�2�%R[������&KLWWDJRQJ�������%DQJODGHVK

.H\ZRUGV��$FDFLD�K\EULG��KDUGERDUG��VWHDPHG�FKLSV��FKHPLFDOO\�WUHDWHG�

7KH� $FDFLD� K\EULG�� D� FURVV� EHWZHHQ� $FDFLD� PDQJLXP� DQG� $FDFLD� DXULFXOLIRUPLV�� JURZV� LQ�
,QGRQHVLD��0DOD\VLD��7KDLODQG��9LHWQDP��DQG�&KLQD���.KD�������.LMNDU�������5XIHOGV��������������
$W� SUHVHQW� IRUHVW� GHSDUWPHQW� DQG� ORFDO� SHRSOH� RI�%DQJODGHVK�KDYH�EHHQ�SODQWLQJ� WKRXVDQGV� RI�
KHFWDUHV�RI� WKHVH� VSHFLHV��$FDFLD�K\EULG� LV� D� IDVW� JURZLQJ�PHGLXP� VL]HG� OHJXPLQRXV� WUHH��7KH�
VSHFLHV�LV�PRUH�SURGXFWLYH�WKDQ�HLWKHU�RI�WKH�SDUHQW�VSHFLHV��7KH�ZRRG�GHQVLW\�LV�VOLJKWO\�KLJKHU�
WKDQ�$��PDQJLXP��DQG�PRUHRYHU�WKH�VKDSH�RI�WKH�ORJ�LV�DOPRVW�FRPSOHWHO\�URXQG��ZKLFK�UHQGHUV�
$FDFLD�K\EULG�DV�D�YDOXDEOH�DQG�H[FHOOHQW�VRXUFH�RI�WLPEHU���-XVRK�HW�DO��������,Q�%DQJODGHVK�LW�KDV�
YHU\�OLPLWHG�XVH��'XH�WR�WKLV�%DQJODGHVK�)RUHVW�5HVHDUFK�,QVWLWXWH�KDV�EHHQ�FRQGXFWLQJ�UHVHDUFK�WR�
GHWHUPLQH�LWV�HQG�XVH�IRU�HIILFLHQW�XWLOL]DWLRQ��6FLHQWLVWV�IRXQG�WKDW�WKH�VSHFLHV�LV�ILQH�JUDLQHG�DQG�
PD\�EH�XVHG�IRU�PDNLQJ�IXUQLWXUH��VPDOO�KDQG�WRROV��FDELQHW�GRRU�IUDPH��ZLQGRZ�IUDPH�DQG�SXOS�
DQG�SDSHU��5RNH\D�HW�DO��������,W�SHHOV�HDVLO\�DQG�SURGXFHV�WKH�EHVW�TXDOLW\�YHQHHU�ZKLFK�FDQ�EH�
XVHG�IRU�GHFRUDWLYH�SXUSRVH��SO\ZRRG�IRU�JHQHUDO�XVH�DQG�SDUWLFOHERDUG��5DKDPDQ�HW�DO��������7R�
WKLV�HQG��KDUGERDUG�PDNLQJ�VWXG\�LV�XQGHUWDNHQ�IRU�NQRZLQJ�WKH�VXLWDELOLW\�RI�WKH�VSHFLHV��

$FDFLD�K\EULG�ORJV�ZHUH�SURFXUHG�IURP�%DQVKNKDOL��&KDWWRJUDP���7KH�IUHVKO\�FXW��$FDFLD�K\EULG�
ORJV�ZHUH�GHEDUNHG�DQG�VDZQ�WR����FP�;����FP�;�����FP�VL]H��7KHQ�WKHVH�ZHUH�FKLSSHG�LQ�WKH�
ODERUDWRU\�PRGHO�0XUUD\�FKLSSHU�PDFKLQH�DQG�VFUHHQHG� WR�UHPRYH�RYHUVL]HG�DQG�SLQ�FKLSV�� ,Q�
DGGLWLRQ��WKH�NQRWV��EDUNV�DQG�GHFD\HG�ZRRG�FKLSV�ZHUH�UHPRYHG��7KH�GHIHFW�IUHH�FKLSV�ZHUH�WKHQ�
DLU�GULHG���7KH�$FDFLD�K\EULG�FKLSV�ZHUH�FRRNHG�E\�VWHDPLQJ�DQG�GLIIHUHQW�FKHPLFDO�SUHWUHDWPHQW�
SURFHVV��%\� WKH�VWHDPLQJ�SURFHVV��FKLSV�ZHUH�FRRNHG� LQ� ODERUDWRU\�PRGHO�VWDLQOHVV�VWHHO� URWDU\�
GLJHVWHUV�ZKHUH�WKH�GLJHVWHU�SUHVVXUH�ZDV������DQG�������NJ�FPð��7KH�GLJHVWLQJ�WLPH�ZDV��������
DQG����PLQXWHV�IRU�HDFK�SUHVVXUH��,Q�WKH�FKHPLFDO�SUHWUHDWPHQW�SURFHVV��FKLSV�ZHUH�VRDNHG�LQ����
1D2+�����1D2+�����1D2+�����1D�62��DQG�PL[WXUH�RI������1D2+�DQG�1D�62���VROXWLRQ�
XQGHU�DWPRVSKHULF�SUHVVXUH�IRU����KRXUV�VRDNLQJ�WLPH��7KH�FKLSV��VWHDPHG�DQG�FKHPLFDOO\�WUHDWHG��
ZHUH�WKHQ�UHILQHG�LQ�D�VLQJOH�URWDWLQJ�GLVN�DWWULWLRQ�PLOO�DW�GLIIHUHQW�SODWH�FOHDUDQFHV��7KUHH�SXOSV�RI�
GLIIHUHQW�IUHHQHVV�ZHUH�PDGH�IURP�HDFK�FRRN��)RU�WKH�SUHSDUDWLRQ�RI�KDUGERDUG��DW�ILUVW����OLWUH�
YROXPH�RI�VOXUU\�ZDV�PDGH�IURP�����J�RYHQ�GU\�SXOS�LQ�ZDWHU��3XOS�IUHHQHVV�ZDV�UHFRUGHG�LQ�WKH�
IUHHQHVV�WHVWHU�HDFK�WLPH��0DW�ZDV�IRUPHG�DIWHU�GHZDWHULQJ�RI�ZDWHU�IURP�WKH�IUHHQHVV�WHVWHU��7KH�
PDW�ZDV�WKHQ�SUHVVHG�LQ�FROG�SUHVV�WR�UHGXFH�WKH�WKLFNQHVV�DQG�UHPRYH�H[FHVV�ZDWHU��$W�ODVW�WKH�
FROG��SUHVVHG�PDW�ZDV�FRPSUHVVHG�EHWZHHQ�WKH�FDXOV�RI�D�K\GUDXOLF�KRW�SUHVV�DW�DERXW�����&��7KH�
SUHVVLQJ� WLPH�ZDV�VL[�PLQXWHV�ZKHUH� ILUVW� WZR�PLQXWHV�SUHVVXUH�DW����NJ�FP�� WKHQ�RQH�PLQXWH�
EUHDWKLQJ�DW���NJ�FP��DQG�ODVW�WKUHH�PLQXWHV�DJDLQ�SUHVVHG�DW����NJ�FP���7KXV�6���6��VPRRWK�LQ�

�� %DQJODGHVK�-RXUQDO�RI�)RUHVW�6FLHQFH��9RO��������	���������



6SHFLHV &RRNLQJ FRQGLWLRQ )UHHQHVV LQ
VHFRQGV

0RGXOXV RI
UXSWXUH�025�

NJ�FP�

:DWHU DEVRUSWLRQ ���

$FDFLD
K\EULG

'LJHVWHU
SUHVVXUH
�NJ�FP��

6WHDPLQJ
WLPH

�PLQXWH�

&KDQJH LQ
ZHLJKW

&KDQJH LQ
WKLFNQHVV
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�6XQGUL �� �� ��� �� ��

%DQJODGHVK�-RXUQDO�RI�)RUHVW�6FLHQFH��9RO��������	��������� ��

RQH�VLGH��KDUGERDUGV�ZHUH�PDGH��$W�OHDVW�ILYH�ERDUGV�RI�HDFK�SXOS�ZHUH�SUHSDUHG�IRU�VDPSOLQJ�LQ�
VL]H� ����� FP� [� ����� FP�� � 7KUHH� VDPSOHV� ZHUH� REWDLQHG� IURP� HDFK� ERDUG�� 7HVW� VDPSOHV� ZHUH�
FRQGLWLRQHG�DW����������UHODWLYH�KXPLGLW\�DQG��������&�WHPSHUDWXUH�LQ�D�KXPLGLW\�FRQWURO�URRP��
6WUHQJWK�SURSHUWLHV��025��RI� WKH�ERDUGV�ZHUH�GHWHUPLQHG�E\�VWDWLF�EHQGLQJ�SURFHVV�DQG�ZDWHU�
DEVRUSWLRQV�ZHUH�PHDVXUHG�DFFRUGLQJ�WR�$670�VWDQGDUGV��$QRQ��������)LYH�ERDUGV�RI�HDFK�SXOS�
ZHUH�WHVWHG��7KH�DYHUDJH�YDOXHV�DJDLQVW�SXOS�IUHHQHVV�DUH�VKRZQ�LQ�7DEOH���DQG����

7DEOH���� 6WUHQJWK�DQG�ZDWHU�UHVLVWDQW�SURSHUWLHV�RI�VWHDPHG�KDUGERDUG�PDGH�IURP��$FDFLD�
K\EULG���ZRRG�FKLSV����

�.KDQ DQG 6KDIL ����



�� %DQJODGHVK�-RXUQDO�RI�)RUHVW�6FLHQFH��9RO��������	���������

,W�PD\�EH�PHQWLRQHG�WKDW�SXOS�IUHHQHVV�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�WKH�PDQXIDFWXULQJ�SURFHVV��
DQG� D� IUHHQHVV� YDOXH� H[FHHGLQJ� ��� VHFRQGV� �GHILEUDWRU� IUHHQHVV�� LV� RUGLQDULO\� XQDFFHSWDEOH� IRU�
LQGXVWULDO�SXUSRVH��/\DOO��������)URP�7DEOH���LW�LV�VHHQ�WKDW�WKH�ERDUGV�ZHUH�QRW�VWURQJ��%XW�WKH�
ERDUGV�PDGH�IURP�WKH�SXOSV�XQGHU������NJ�FP��GLJHVWHU�SUHVVXUH�DQG����PLQXWH�VWHDPLQJ�WLPH�ZDV�
PRGHUDWHO\� VWURQJ�� 3UH�WUHDWPHQWV� ZLWK� 1D2+� DQG� WKDW� ZLWK�PL[WXUHV� RI� 1D2+� DQG� 1D�62��
SURGXFHG� ERDUGV� ZLWK� EHWWHU� VWUHQJWK� SURSHUW\� VKRZQ� LQ�7DEOH� ��� ,W� LV� DOVR� VHHQ� WKDW� VWUHQJWK�
SURSHUWLHV� �025�� ZHUH� LQFUHDVHG� ZLWK� LQFUHDVLQJ� WKH� FKHPLFDO� FRQFHQWUDWLRQ�� %XW� WKH� ERDUGV�
REWDLQHG�IURP�SUH�WUHDWPHQW�ZLWK�1D�62��DORQH�ZHUH�YHU\�ZHDN�

:DWHU�UHVLVWDQFH�LV�DQRWKHU�LPSRUWDQW�SURSHUW\�H[SUHVVHG�LQ�WHUPV�RI�WKH�DPRXQW�RI�ZDWHU�DEVRUEHG�
E\�WKH�VDPSOHV�DQG�WKHLU�WKLFNQHVV�VZHOOLQJ��7KHVH�YDOXHV�ZHUH�YHU\�SRRU�RI�SUH��WUHDWPHQW�ERDUGV�
FRPSDUHG�WR� WKRVH�PDGH�E\�VWHDP��VRIWHQLQJ�RI� WKH�FKLSV��7KH�KDUGERDUG�PDGH�IURP�WKH�SXOSV�
XQGHU������NJ�FP��GLJHVWHU�SUHVVXUH�DQG����PLQXWH�VWHDPLQJ�WLPH�ZDV�IDLUO\�ZDWHU�UHVLVWDQW�

7DEOH���� 6WUHQJWK� DQG� ZDWHU� UHVLVWDQW� SURSHUWLHV� RI� KDUGERDUG� PDGH� IURP� FKHPLFDOO\�
WUHDWHG�$FDFLD�K\EULG�ZRRG�FKLSV�

6SHFLHV &KHPLFDOV )UHHQHVV
LQ VHFRQGV

0RGXOXV RI
UXSWXUH�025�

NJ�FP�

:DWHU DEVRUSWLRQ ���

&KDQJH LQ
ZHLJKW

&KDQJH LQ
WKLFNQHVV

$FDFLD
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%DQJODGHVK�-RXUQDO�RI�)RUHVW�6FLHQFH��9RO��������	��������� ��

$V�FRPSDUHG�WR�VXQGUL���ZKLFK�ZDV�XVHG�LQ�.KXOQD�+DUGERDUG�0LOOV��KDUGERDUGV�PDGH�ZLWK�$FDFLD�
K\EULG�DUH�IRXQG�WR�EH�LQIHULRU��7KH�VWUHQJWK�025�LV�FRPSDUDWLYHO\�SRRU�DW�WKH�VDPH�IUHHQHVV�OHYHO�
RI� JRRG� VWRFN��+HQFH� LW� FDQ� EH� LQIHUUHG� WKDW� ERDUGV�PDGH� IURP�$FDFLD� K\EULG� LV� OHVV� VXLWDEOH�
FRPSDUHG� WR� VXQGUL��+RZHYHU�� WKHUH� LV� VFRSH� WR� LPSURYH� SURSHUWLHV� E\� XVLQJ� DGGLWLYHV�� VL]LQJ�
PDWHULDOV�DQG�KHDW�WUHDWPHQW�HWF���

5HIHUHQFHV
/H�'LQK�.KD� �������� 6WXGLHV� RQ� QDWXUDO� K\EULGV� RI�$FDFLD�PDQJLXP� DQG�$��DXULFXOLIRUPLV� LQ�

9LHWQDP���-RXUQDO�RI�7URSLFDO�)RUHVW�6FLHQFH��9RO������1R�����SS���������

.LMNDU�6����������+DQGERRN��9HJHWDWLYH�3URSDJDWLRQ�RI�$FDFLD�PDQJLXP�î�$FDFLD�DXULFXOLIRUPLV
� �$6($1�&DQDGD�)RUHVW�7UHH�6HHG�&HQWUH������

5XIHOGV�� &�:������4XDQWLWDWLYH� &RPSDULVRQ� RI� $FDFLD� PDQJLXP� :LOOG�� 9HUVXV� +\EULG� $��
DXULFXOLIRUPLV��)RUHVW�5HVHDUFK�&HQWUH�3XEOLFDWLRQ����6DEDK��0DOD\VLD����SS�

5XIHOGV�� &�� :�� ������ $FDFLD� PDQJLXP� DQG�$�� DXULFXOLIRUPLV� DQG� +\EULG�$�� DXULFXOLIRUPLV�
6HHGOLQJ�0RUSKRORJ\�6WXG\��)RUHVW�5HVHDUFK�&HQWUH�3XEOLFDWLRQ����6DEDK��0DOD\VLD��
����SS�

$QRQ��������(YDOXDWLQJ�SURSHUWLHV�RI�EXLOGLQJ�ERDUGV�'���������7��$670

/\DOO��-�'��������6WUXFWXUDO�ERDUG��3XOS�DQG�3DSHU�0DQXIDFWXUH��9RO�,,����QG�(GLWLRQ���(G��5RQDOG�
*��0HGRQDOG��3�����

.KDQ��0�6��DQG�6KDIL��0����������(IIHFW�RI�FKHPLFDO�SUH�WUHDWPHQW�RI�VXQGUL�ZRRG�FKLSV�LQ�PDNLQJ�
KDUGERDUG��%DQR�%LJJ\DQ�3DWULND�������	���������

,VPDLO� -XVRK�� )DUDZDKLGD�$EX� =DKDULQ� DQG� 1XU� 6\D]QL�$GDP� ������:RRG� TXDOLW\� RI�$FDFLD
K\EULG�DQG�VHFRQG�JHQHUDWLRQ�$FDFLD�PDQJLXP��%LR5HVRXUFHV����������������

5RNH\D��8�.���$NWHU�+RVVDLQ��0���5RZVRQ�$OL��0���DQG�3DXO��6�3��������3K\VLFDO�DQG�PHFKDQLFDO�
SURSHUWLHV� RI� �$FDFLD� DXULFXOLIRUPLV� [� $�� PDQJLXP�� K\EULG� $FDFLD�� -RXUQDO� RI�
%DQJODGHVK�$FDGHP\�RI�6FLHQFH��9RO�������������������

5DKDPDQ��0�0���$NKWHU�.���%LVZDV��'�DQG�6KHLNK��0�:�������6XLWDELOLW\�RI�K\EULG�$FDFLD�ZRRG�
IRU� PDQXIDFWXULQJ� SO\ZRRG� DQG� SDUWLFOHERDUG�� -RXUQDO� RI� %DQJODGHVK� $FDGHP\� RI�
6FLHQFH��9RO����������������


