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&KDUDFWHULVWLFV�RI�%UDNH�:HDU�3DUWLFOHV�DQG�&KHPLFDO�6SHFLDWLRQ�3URILOHV�DQG�3RWHQWLDO�+HDOWK�(IIHFWV�RI�WKH
3DUWLFOHV�LQ�&DOLIRUQLD�

6��<RRQ���2��3DUN���0��'DP���1��-DUHHQ���%��:HOOHU���-��'��+HUQHU�
�

�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG�

%UDNH�ZHDU HPLVVLRQV KDYH EHFRPH WKH GRPLQDQW VRXUFH RI GLUHFWO\ HPLWWHG SDUWLFOHV IURP PRWRU YHKLFOHV� DV WDLOSLSH
HPLVVLRQV KDYH EHHQ VXEVWDQWLDOO\ UHGXFHG LQ UHVSRQVH WR VWULQJHQW WDLOSLSH HPLVVLRQV VWDQGDUGV LQ &DOLIRUQLD� 8QGHUVWDQGLQJ
WKH FKDUDFWHULVWLFV RI EUDNH�ZHDU SDUWLFOHV� LQFOXGLQJ SDUWLFOH QXPEHU� VL]H GLVWULEXWLRQV� DQG PDVV� DV ZHOO DV WKHLU FKHPLFDO
VSHFLDWLRQ SURILOHV� LV D FUXFLDO VWHS LQ XQGHUVWDQGLQJ WKHLU SRWHQWLDO DGYHUVH KHDOWK HIIHFWV� 7KH SUHVHQFH RI KHDY\ PHWDOV LQ
WKH�SDUWLFOHV�LV�D�FRQFHUQ�IRU�SXEOLF�KHDOWK��SDUWLFXODUO\�LQ�FRPPXQLWLHV�QHDU�PDMRU�XUEDQ�DUWHULDOV�DQG�KLJKZD\V�

7KH &DOLIRUQLD $LU 5HVRXUFHV %RDUG �&$5%� KDV XQGHUWDNHQ LQYHVWLJDWLRQV WR PHDVXUH DLUERUQH EUDNH�ZHDU SDUWLFOHV XQGHU
EUDNH�G\QDPRPHWHU WHVWLQJ FRQGLWLRQV� FKDUDFWHUL]H WKHLU FKHPLFDO VSHFLDWLRQ SURILOHV� DQG DVVHVV WKHLU SRWHQWLDO KHDOWK
HIIHFWV ORFDOO\ DQG UHJLRQDOO\� $LUERUQH EUDNH�ZHDU SDUWLFOHV DUH JHQHUDWHG GXULQJ YHKLFOH EUDNLQJ ZKHQ VKHDU IRUFHV
LQFUHDVH EHWZHHQ WKH IULFWLRQ PDWHULDO DQG WKH GLVN� &$5% DQDO\VLV UHYHDOHG WKDW WKH PDMRU LQRUJDQLF FRQWHQWV RI EUDNH�ZHDU
SDUWLFOHV IURP &DOLIRUQLD OLJKW�GXW\ DQG KHDY\�GXW\ YHKLFOHV LQFOXGH LURQ �)H�� EDULXP �%D�� FRSSHU �&X�� ]LQF �=Q�� DQG
WLWDQLXP �7L�� ZKLOH DSSUR[LPDWHO\ KDOI RI WKH SDUWLFOHV FRQVLVWHG RI QRQ�PHWDOOLF FRPSRQHQWV� 7KH R[LGDWLYH SRWHQWLDOV RI
WKH SDUWLFOHV FROOHFWHG QHDU URDGZD\V ZHUH VLJQLILFDQWO\ JUHDWHU WKDQ WKRVH FROOHFWHG LQ XUEDQ EDFNJURXQG DUHDV� LQGLFDWLQJ
WKDW�EUDNH�ZHDU�SDUWLFOHV�PD\�KDYH�D�JUHDWHU�DGYHUVH�KHDOWK�HIIHFW�LQ�QHDU�URDG�FRPPXQLWLHV�DQG�SRSXODWHG�XUEDQ�DUHDV�

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.tcpdf.org


��6HVVLRQ�����1DQRSDUWLFOH�WR[LFLW\�DQG�KHDOWK�HIIHFWV��7DON
��

6\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�RQ�WKH�KHDOWK�HIIHFWV�RI�ORQJ�WHUP�H[SRVXUH�WR�XOWUDILQH�SDUWLFOHV�

0��%HUJPDQQ�����3��+DGGDG�7KRHONH���+��-HRQJ���5��.DSSHOHU�����+��$OWXJ���/��2EHUZLQVWHU���+��%RRJDDUG���7��3RKO���9�
6RSSD���.��2JXUWVRYD���0��.XWODU�-RVV�����=��-RYDQRYLF�$QGHUVHQ�
��%��+RIIPDQQ�
�

�,QVWLWXWH�RI�2FFXSDWLRQDO��6RFLDO�DQG�(QYLURQPHQWDO�0HGLFLQH��&HQWUH�IRU�+HDOWK�DQG�6RFLHW\��0HGLFDO�)DFXOW\��+HLQULFK
+HLQH�8QLYHUVLW\�'�VVHOGRUI��*HUPDQ\���6HFWLRQ�RI�(QYLURQPHQWDO�+HDOWK��'HSDUWPHQW�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI
&RSHQKDJHQ��&RSHQKDJHQ��'HQPDUN����6ZLVV�7URSLFDO�DQG�3XEOLF�+HDOWK�,QVWLWXWH��$OOVFKZLO��6ZLW]HUODQG���8QLYHUVLW\�RI
%DVHO��%DVHO��6ZLW]HUODQG���+HDOWK�(IIHFWV�,QVWLWXWH��%RVWRQ��0$��8QLWHG�6WDWHV���+RFKVFKXOH�'�VVHOGRUI��'�VVHOGRUI�

*HUPDQ\�

%$&.*5281'� 8OWUDILQH SDUWLFOHV �8)3� ���� QP GLDPHWHU� PD\ KDYH D KLJKHU WR[LFLW\ WKDQ ODUJHU SDUWLFOHV EXW DUH VWLOO
QRW UHJXODWHG QRU SDUW RI URXWLQH DLU SROOXWLRQ PRQLWRULQJ� 6R IDU� KHDOWK HIIHFWV RI ORQJ�WHUP H[SRVXUH WR DPELHQW 8)3 DUH
QRW�ZHOO�XQGHUVWRRG��GXH�WR�D�ODFN�RI�H[SRVXUH�GDWD�DQG�HSLGHPLRORJLFDO�VWXGLHV�

0(7+2'� :H FRQGXFWHG D V\VWHPDWLF UHYLHZ DQG PHWD�DQDO\VLV RQ WKH KHDOWK HIIHFWV RI ORQJ�WHUP H[SRVXUH WR 8)3�
LQFOXGLQJ VWXGLHV SXEOLVKHG XQWLO 'HFHPEHU ����� 0HWD�DQDO\VLV ZDV FRQGXFWHG IRU RXWFRPHV ZLWK DW OHDVW IRXU DYDLODEOH
HIIHFW HVWLPDWHV� &RQILGHQFH LQ WKH ERG\ RI HYLGHQFH ZDV HYDOXDWHG XVLQJ WKH 2IILFH RI +HDOWK $VVHVVPHQW DQG 7UDQVODWLRQ
�2+$7��PHWKRG�

:H LGHQWLILHG �� VWXGLHV LQYHVWLJDWLQJ YDULRXV PRUWDOLW\� PRUELGLW\� DQG VXEFOLQLFDO RXWFRPHV� ,Q PHWD�DQDO\VHV RI VLQJOH�
SROOXWDQW PRGHOV� ZH IRXQG SRVLWLYH DVVRFLDWLRQV ZLWK QDWXUDO PRUWDOLW\ �KD]DUG UDWLR� ���� >��� FRQILGHQFH LQWHUYDO >&,@�
����� ����@� DQG &�UHDFWLYH SURWHLQ ������� LQFUHDVH >��� &,� ������ �����@�� SHU ������ SW�FP� LQFUHDVH LQ ORQJ�WHUP
H[SRVXUH WR 8)3� ZLWK ORZ DQG LQDGHTXDWH OHYHOV RI HYLGHQFH� UHVSHFWLYHO\� 7KH UHPDLQLQJ VWXGLHV UHYHDOHG RYHUDOO OLPLWHG
HYLGHQFH�IRU�DGYHUVH�HIIHFWV�RQ�D�ZLGH�UDQJH�RI�RXWFRPHV��/HVV�WKDQ�KDOI�RI�WKH�VWXGLHV�DGMXVWHG�IRU�FR�SROOXWDQWV�

&21&/86,21� 7KH HYLGHQFH EDVH RQ ORQJ�WHUP KHDOWK HIIHFWV RI 8)3 KDV LQFUHDVHG VXEVWDQWLDOO\ LQ WKH ODVW GHFDGH� ZKLOH
WKH RYHUDOO HYLGHQFH IRU LQGHSHQGHQW HIIHFWV RI ORQJ�WHUP 8)3 H[SRVXUH UHPDLQV LQDGHTXDWH WR ORZ� 0RUH VWXGLHV DUH QHHGHG
WR GUDZ ILUP FRQFOXVLRQV DERXW WKH LQGHSHQGHQW DGYHUVH HIIHFWV RI ORQJ�WHUP 8)3 RQ YDULRXV KHDOWK HQGSRLQWV� ZLWK D VSHFLDO
IRFXV�RQ�WKH�LQIOXHQFH�RI�FR�SROOXWDQW�DGMXVWPHQW�

)81',1*��7KH�SURMHFW�ZDV�ILQDQFHG�E\�WKH�*HUPDQ�)HGHUDO�0LQLVWU\�IRU�WKH�(QYLURQPHQW��1DWXUH�&RQVHUYDWLRQ�
1XFOHDU�6DIHW\�DQG�&RQVXPHU�3URWHFWLRQ�DQG�VXSHUYLVHG�E\�WKH�*HUPDQ�(QYLURQPHQW�$JHQF\��).=��������������7KH
YLHZV�LQ�WKLV�DUWLFOH�DUH�WKRVH�RI�WKH�DXWKRUV�DQG�GR�QRW�QHFHVVDULO\�UHIOHFW�WKH�YLHZV�RI�WKH�+HDOWK�(IIHFWV�,QVWLWXWH�RU�LWV
VSRQVRUV�
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5HDO�WLPH�PRQLWRULQJ�RI�SDUWLFOH�ERXQG�UHDFWL�

6��(ONDHLEHKMDWL���=��5LVWRYVNL���=��5LVWRYVNL�
��%��0LOMHYLF���=��/L���0��2NXOMDU���+��:DQJ�

�6FKRRO�RI�(DUWK�DQG�$WPRVSKHULF�6FLHQFHV���&ROOHJH�RI�(QYLURQPHQW�DQG�&OLPDWH�

8QGHUVWDQGLQJ ELRPDVV EXUQLQJ HPLVVLRQV LV FULWLFDO DV WKH\ UHSUHVHQW D PDMRU VRXUFH RI DWPRVSKHULF SDUWLFXODWH PDWWHU�
LPSDFWLQJ DLU TXDOLW\� FOLPDWH� DQG SXEOLF KHDOWK� 7KH FKHPLFDO FRPSOH[LW\ DQG G\QDPLF HYROXWLRQ RI WKHVH SDUWLFOHV GXULQJ
DWPRVSKHULF DJLQJ SRVH FKDOOHQJHV IRU SUHGLFWLQJ WKHLU HQYLURQPHQWDO DQG KHDOWK HIIHFWV� $ FULWLFDO NQRZOHGJH JDS FRQFHUQV
WKH HYROXWLRQ RI SDUWLFOH�ERXQG UHDFWLYH R[\JHQ VSHFLHV �526� GXULQJ DJLQJ� SDUWLFXODUO\ VKRUW�OLYHG 526 WKDW DUH GLIILFXOW
WR TXDQWLI\ XVLQJ FRQYHQWLRQDO RIIOLQH PHWKRGV� ,Q WKLV VWXG\� ZH H[DPLQH WKH IRUPDWLRQ DQG WUDQVIRUPDWLRQ RI SDUWLFOH�
ERXQG 526 LQ VPRNH JHQHUDWHG IURP HXFDO\SWXV OHDYHV XQGHU FRQWUROOHG SKRWRFKHPLFDO DJLQJ� $WPRVSKHULF R[LGDWLRQ ZDV
VLPXODWHG XVLQJ D 5DSLG $HURVRO $JLQJ 'HYLFH �5$$'�� HQDEOLQJ UHDO�WLPH PRQLWRULQJ RI DHURVRO FRPSRVLWLRQDO FKDQJHV
DQG R[LGDWLYH SRWHQWLDO� $ VXLWH RI LQVWUXPHQWV� LQFOXGLQJ WZR 3DUWLFOH ,QWR 1LWUR[LGH 4XHQFKHU �3,14� V\VWHPV� D 6FDQQLQJ
0RELOLW\ 3DUWLFOH 6L]HU �6036�� JDV PRQLWRUV� 6HOHFWHG ,RQ )ORZ 7XEH PDVV VSHFWURPHWU\ �6,)7�� DQG D +LJK�5HVROXWLRQ
$HURVRO 0DVV 6SHFWURPHWHU �+5�$06� ZDV HPSOR\HG WR FKDUDFWHUL]H ERWK SK\VLFDO DQG FKHPLFDO WUDQVIRUPDWLRQV GXULQJ
DJLQJ� 5HODWLYH KXPLGLW\ ZDV PDLQWDLQHG XVLQJ DQ LQWHJUDWHG KXPLGLILFDWLRQ V\VWHP� DV LW FDQ VLJQLILFDQWO\ LQIOXHQFH
R[LGDWLRQ UHDFWLRQV DQG 526 IRUPDWLRQ� )UHVK VPRNH ZDV LQLWLDOO\ DQDO\VHG XQGHU GDUN� ORZ�R[LGDQW FRQGLWLRQV WR HVWDEOLVK
EDVHOLQH SURSHUWLHV� DIWHU ZKLFK WKH DHURVRO ZDV VXEMHFWHG WR 5$$'�GULYHQ SKRWRFKHPLFDO DJLQJ HTXLYDOHQW WR �±� GD\V RI
DWPRVSKHULF 2+ H[SRVXUH� 7KH ILUVW 3,14 PHDVXUHG LQLWLDO SDUWLFOH�ERXQG 526 OHYHOV� ZKLOH WKH VHFRQG 3,14 TXDQWLILHG
526 DIWHU DJLQJ� 6,)7 SURYLGHG PHDVXUHPHQWV RI NH\ JDV�SKDVH VSHFLHV DVVRFLDWHG ZLWK R[LGDWLRQ FKHPLVWU\� DQG WKH +5�
$06 VXSSOLHG UHDO�WLPH LQIRUPDWLRQ RQ FKHPLFDO FRPSRVLWLRQ DQG PDVV�EDVHG VL]H GLVWULEXWLRQ� 7KLV LQWHJUDWHG DSSURDFK
HQDEOHG FRQWLQXRXV HYDOXDWLRQ RI 526 IRUPDWLRQ DQG WUDQVIRUPDWLRQ GXULQJ VLPXODWHG DWPRVSKHULF DJLQJ� RIIHULQJ QHZ
LQVLJKW LQWR KRZ ELRPDVV EXUQLQJ HPLVVLRQV GHYHORS HQKDQFHG R[LGDWLYH SRWHQWLDO RYHU WLPHVFDOHV RI VHYHUDO GD\V� 'XDO�
3,14 PHDVXUHPHQWV VKRZHG FOHDU GLIIHUHQFHV LQ SDUWLFOH�ERXQG 526 EHIRUH DQG DIWHU SKRWRFKHPLFDO DJLQJ� GHPRQVWUDWLQJ
WKDW DJLQJ SURFHVVHV VXEVWDQWLDOO\ PRGLI\ SDUWLFOH�ERXQG 526 OHYHOV FRPSDUHG WR WKRVH PHDVXUHG LPPHGLDWHO\ DIWHU
EXUQLQJ� 7KLV KLJKOLJKWV WKH LPSRUWDQFH RI UHDO�WLPH WHFKQLTXHV IRU GHWHFWLQJ VKRUW�OLYHG VSHFLHV WKDW FDQQRW EH SUHVHUYHG
WKURXJK RIIOLQH VDPSOLQJ� 2YHUDOO� WKH UHVXOWV LQGLFDWH WKDW SKRWRFKHPLFDO DJLQJ VLJQLILFDQWO\ DOWHUV WKH R[LGDWLYH SRWHQWLDO RI
ELRPDVV EXUQLQJ DHURVROV RYHU VKRUW DWPRVSKHULF WLPHVFDOHV� ZLWK LPSOLFDWLRQV IRU DLU�TXDOLW\ DVVHVVPHQW DQG KXPDQ
H[SRVXUH�GXULQJ�ILUH�HYHQWV�

.H\ZRUGV��ELRPDVV�EXUQLQJ�DHURVRO��UHDFWLYH�R[\JHQ�VSHFLHV��DWPRVSKHULF�DJLQJ��R[LGDWLYH�SRWHQWLDO��3,14�
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