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�8OWUDVRQRJUDSKLF�GLDJQRVLV�RI�FLUUKRVLV����

$EVWUDFW
$�PDOH� ER[HU� GRJ� DJHG� DERXW� ��

PRQWKV� ZLWK� D� ERG\� ZHLJKW� RI� ��� NJ� ZDV
UHIHUUHG�WR�WKH�9HWHULQDU\�+RVSLWDO��0DQQXWK\
ZLWK�WKH�KLVWRU\�RI�DQRUH[LD��OHWKDUJ\��PHOHQD
DQG�DEGRPLQDO�GLVWHQVLRQ�VLQFH�WKUHH�ZHHNV�
%DVHG�RQ� WKH� FOLQLFDO� H[DPLQDWLRQ�� XOWUDVRQR
JUDSKLF��ILQGLQJV��VHUXP�ELRFKHPLVWU\��SK\VLFDO
FKDUDFWHULVWLFV� RI� WKH� DVFLWLF� IOXLG� DQG� OLYHU
ELRSV\��WKH�FDVH�ZDV�GLDJQRVHG�DV�DVFLWLV�GXH
WR�KHSDWLF�FLUUKRVLV��7KH�DQLPDO�ZDV�VXFFHVV
IXOO\� WUHDWHG�ZLWK� )UXVHPLGH�� 6LO\PDULQ� DQG
(VVHQWLDO�DPLQR�DFLGV�
.H\ZRUGV�� 'RJ�� $VFLWLV�� &LUUKRVLV�
8OWUDVRQRJUDSK\�

&LUUKRVLV�UHIHUV�WR�WKH�HQG�VWDJH�OLYHU
GLVHDVH� ZLWK� QHFURVLV�� ILEURVLV�� KHSDWRF\WH
GHJHQHUDWLRQ� DQG� PDUNHG� DUFKLWHFWXUDO
GLVWRUWLRQ��$QGHUVRQ�DQG�6HYHOLXV���������7KH
SUHVHQW�SDSHU�GHVFULEHV�WKH�XOWUDVRQRJUDSKLF
GLDJQRVLV�RI�KHSDWLF�FLUUKRVLV�LQ�DQ�LQWDFW�PDOH
ER[HU� GRJ� DQG� LWV� VXFFHVVIXO� WKHUDSHXWLF
PDQDJHPHQW�
0DWHULDOV�DQG�0HWKRGV

$�PDOH�ER[HU�GRJ�DJHG�DERXW���
PRQWKV� ZLWK� D� ERG\� ZHLJKW� RI� ��� NJ� ZDV
UHIHUUHG� WR� WKH�0HGLFLQH� XQLW� RI� 9HWHULQDU\
&ROOHJH�+RVSLWDO��0DQQXWK\�ZLWK� WKH� KLVWRU\
RI�DQRUH[LD�� OHWKDUJ\��PHOHQD�DQG�DEGRPLQDO

8/75$6212*5$3+,&�',$*126,6�2)
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��3RVW�*UDGXDWH�6FKRODU
��$VVRFLDWH�3URIHVVRU

$QMX�$QQD�-DPHVï�DQG�8VKD�1DUD\DQD�3LOODLð
'HSDUWPHQW�RI�&OLQLFDO�9HWHULQDU\�0HGLFLQH
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\�����������7KULVVXU��.HUDOD

GLVWHQVLRQ�VLQFH�WKUHH�ZHHNV��9DFFLQDWLRQ�DQG
GHZRUPLQJ�VFKHGXOHV�ZHUH�QRWHG�DV��UHJXODU�
'HWDLOHG� FOLQLFDO� H[DPLQDWLRQ�RI� WKH�GRJ�ZDV
FDUULHG�RXW��2Q�DEGRPLQDO�SDOSDWLRQ��IOXLG�WKULOO
FRXOG� EH� IHOW�� $QLPDO� ZDV� VXEMHFWHG� WR
XOWUDVRQRJUDSKLF�H[DPLQDWLRQ�ZKLFK�UHYHDOHG
DVFLWLV�DQG�OLYHU�DEQRUPDOLW\��8ULQH�VDPSOH�ZDV
FROOHFWHG� IRU� URXWLQH� DQDO\VLV� DQG� VHUXP
VDPSOHV�IRU�HVWLPDWLQJ�WRWDO�SURWHLQ��DOEXPLQ�
JOREXOLQ��$�*� UDWLR�� %81�� GLUHFW� DQG� LQGLUHFW
ELOLUXELQ� DQG�$ONDOLQH� SKRVSKDWDVH� �$/3�
HQ]\PH��$VFLWLF� IOXLG�ZDV� DOVR� FROOHFWHG� IRU
HVWLPDWLQJ� SURWHLQ� OHYHO�� 8OWUDVRQRJUDSK\
DLGHG�OLYHU�ELRSV\�ZDV�DOVR�SHUIRUPHG�
5HVXOWV�DQG�'LVFXVVLRQ

5RXWLQH�FOLQLFDO�H[DPLQDWLRQ�UHYHDOHG
WHPSHUDWXUH� �������)��� SXOVH� �����PLQ��
UHVSLUDWRU\� UDWH� ����PLQ�� DQG� D� SDOH� URVHDWH
PXFRXV�PHPEUDQH��2Q�DEGRPLQDO�SDOSDWLRQ�
IOXLG�WKULOO�FRXOG�EH�IHOW��7KH�ZHW�ILOP�DQG�IDHFDO
VDPSOH� H[DPLQDWLRQ� ZHUH� QHJDWLYH� IRU� WKH
SUHVHQFH� RI� DQ\� SDUDVLWH�� 5HVXOW� RI� XULQH
DQDO\VLV�ZDV�XQUHPDUNDEOH�

7KH�XOWUDVRQRJUDSK\�RI�OLYHU�UHYHDOHG
LUUHJXODU� KHSDWLF� PDUJLQV� DQG� LQFUHDVHG
SDUHQFK\PDO� HFKRJHQLFLW\� DVVRFLDWHG� ZLWK
ILEURXV�WLVVXH�DQG�DVFLWLV��)LJ�����.LGQH\V�ZHUH
IRXQG� WR� EH� RI� QRUPDO� VL]H� DQG� FRUWLFR�
PHGXOODU\� GLVWLQFWLRQ� ZDV� FOHDU�� 7KH
XOWUDVRQRJUDSKLF� ILQGLQJ�ZDV� VXJJHVWLYH� RI
KHSDWLF� FLUUKRVLV�

5HFHLYHG�����������
$FFHSWHG�����������
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$QMX�$QQD�-DPHV��DQG�8VKD�1DUD\DQD�3LOODL

6HUXP� ELRFKHPLVWU\� UHYHDOHG
K\SRSURWHLQHPLD� ����J�GO�� ZLWK� K\SRDO
EXPLQHPLD�����J�GO��DQG�QRUPDO�JOREXOLQ�OHYHO�
���J�GO�� UHGXFHG�$�*� UDWLR� ������� K\SRXUHPLD
�%81��PJ�GO��� QRUPDO� ELOLUXELQ� OHYHOV�� WRWDO�
���PJ�GO�� GLUHFW����PJ�GO�� LQGLUHFW�����PJ�GO�
DQG�HOHYDWHG�VHUXP�$/3�OHYHO�����8�/���$VFLWLF
IOXLG� FROOHFWHG� ZDV� IRXQG� WR� EH� D� FOHDU
WUDQVXGDWH�ZLWK�SURWHLQ�OHYHO����J�GO�

8OWUDVRQRJUDSK\� DLGHG� OLYHU� ELRSV\
ZDV� SHUIRUPHG� DQG� KLVWRSDWKRORJ\� UHYHDOHG
SVHXGROREXODWLRQ�DQG�DWURSK\�RI�KHSDWRF\WHV
�)LJ�����%DVHG�RQ�WKHVH�ILQGLQJV��WKH�FDVH�ZDV
GLDJQRVHG�DV�DVFLWHV�GXH�WR�FLUUKRVLV�

$QLPDO� ZDV� WUHDWHG� ZLWK� 7DE�
/DVL[�)UXVHPLGH��#��PJ�NJ�ERG\ZW�WZLFH�GDLO\�
7DE�� 6LO\ERQ�6LO\PDULQ��#� ��PJ�NJ� ERG\ZW
WZLFH� GDLO\� DQG� 7DE�� (VVHQWLDOH�/�/HFLWKLQ�
���PJ� RQFH� GDLO\� IRU� ��� GD\V� DQG� DGYLVHG
UHYLHZ� DIWHU� ��� GD\V�� &RQVLGHUDEOH
LPSURYHPHQW� ZDV� QRWLFHG� DIWHU� ��� GD\V�
$EGRPLQDO�GLVWHQVLRQ�ZDV�PDUNHGO\� UHGXFHG�
7KH�RZQHU�ZDV�DGYLVHG�WR�FRQWLQXH�7DE��6LO\ERQ
DQG�7DE��(VVHQWLDOH�/�IRU�WZR�PRUH�PRQWKV�

&OLQLFDO� VLJQV� RI� KHSDWLF� FLUUKRVLV
LQFOXGH� DQRUH[LD�� OHWKDUJ\�� GHSUHVVLRQ�
YRPLWLQJ�� GLDUUKHD�� SRO\XULD� DQG� SRO\GLSVLD
�-RKQVRQ�� ������� 0HOHQD� DQG�� RU
KDHPDWHPHVLV� FRQVHTXHQW� WR� JDVWULF
XOFHUDWLRQ� ZHUH� REVHUYHG� LQ� FLUUKRVLV� DQG
DVFLWHV� ZDV� D� FRPPRQ� FOLQLFDO� I LQGLQJ
�6HYHOLXV���������'LVHDVHV�LQYROYLQJ�WKH�OLYHU
DUH� WKH� PRVW� FRPPRQ� FDXVHV� RI� DVFLWHV�
,QFUHDVHG�SRUWDO�SUHVVXUH��GHFUHDVHG�DOEXPLQ
SURGXFWLRQ� DQG� LQFUHDVHG� VRGLXP� UHWHQWLRQ
XOWLPDWHO\� UHVXOWHG� LQ� WKH� GHYHORSPHQW� RI
DVFLWHV�� ,QWUDKHSDWLF� SRUWDO� K\SHUWHQVLRQ
DVVRFLDWHG� ZLWK� FLUUKRVLV� OHDGV� WR� WKH

SURGXFWLRQ�RI�D�ODUJH�YROXPH�RI�UHODWLYHO\�ORZ
SURWHLQ� FRQWDLQLQJ� KHSDWLF� O\PSK� �-RKQVRQ�
�������0HDQ�VHUXP�DOEXPLQ�FRQFHQWUDWLRQ�LQ
GRJV�ZLWK�FLUUKRVLV�ZDV�VLJQLILFDQWO\� UHGXFHG
ZKHQ� FRPSDUHG� WR� RWKHU� OLYHU� GLVHDVHV��7KH
VHQVLWLYLW\�RI�DOEXPLQ� WR�GHWHFW� FLUUKRVLV�ZDV
��� SHUFHQW� ZKLOH� IRU� FKURQLF� QRQ� VSHFLILF
KHSDWLW LV�� LW� ZDV� ����� SHUFHQW� DQG
K\SRDOEXPLQHPLD�ZDV�DQ�LPSRUWDQW�PDUNHU�RI
FKURQLF� LQIODPPDWRU\� OLYHU�GLVHDVH� �6HYHOLXV�
������� ,Q� DERXW� ���� SHUFHQW� RI� GRJV� ZLWK
FKURQLF�DFWLYH�KHSDWLWLV��VHUXP�$/3�OHYHO�ZDV
HOHYDWHG� DOPRVW� ILYH� WLPHV� WKH� QRUPDO
�6WURPEHFN� DQG�*ULEEOH�� ������� ,QFUHDVHG
VHUXP�$/3�OHYHO� LQ�FLUUKRVLV�PLJKW�EH�GXH�WR
FKROHVWDVLV� VHFRQGDU\� WR� LQWUDKHSDWLF� ELOLDU\
REVWUXFWLRQ��%81�OHYHO�LV�IRXQG�WR�EH�UHGXFHG
LQ�DOO� W\SHV�RI�FKURQLF�KHSDWLWLV�� ,Q� WKLV�FDVH�
WKH�VHUXP�ELRFKHPLVWU\�ZDV�LQ�DJUHHPHQW�ZLWK
WKH�XOWUDVRQRJUDSKLF�ILQGLQJ�DQG�WKXV�WKH�FDVH
ZDV�GLDJQRVHG�DV�KHSDWLF�FLUUKRVLV�
5HIHUHQFHV
$QGHUVRQ��0��DQG�6HYHOLXV��(��������%UHHG�

VH[�DQG�DJH�GLVWULEXWLRQ�LQ�GRJV�ZLWK
FKURQLF�OLYHU�GLVHDVH��D�GHPRJUDSKLF
VWXG\��-��6PDOO�$QLP��3UDFW�� �������

-RKQVRQ��6��(��������&KURQLF�KHSDWLF�GLVRUGHUV�
,Q�� (WWLQJHU�� 6�-�� DQG� )HOGPDQ�� (�&
�(GV����7H[WERRN�RI�YHWHULQDU\�LQWHUQDO
PHGLFLQH��WK�HG��:��%��6DXQGHUV�&R��
3KLODGHOSKLD��SS������������

6HYHOLXV��(�������'LDJQRVLV�DQG�SURJQRVLV�RI
FKURQLF�KHSDWLWLV�DQG�FLUUKRVLV�LQ�GRJV�
-��6PDOO�$QLP��3UDFW��������������

6WURPEHFN��'��5��DQG�*ULEEOH��'�������&KURQLF
DFWLYH�KHSDWLWLV�LQ�WKH�GRJ��-��$P��9HW�
0HG��$VVRF��������������

)LJ��� $QHFKRLF� DUHD� VXJJHVWLYH� RI� IOXLG� DQG
LUUHJXODU�KHSDWLF�PDUJLQV� )LJ���3VHXGROREXODWLRQ�DQG� �DWURSK\�RI�KHSDWRF\WHV
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