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0\FRGLYHUVLW\ LQ 3K\OODQWKXV (PEOLFD /� IUXLWV

9DUVKD 9DLUDOH� 'U 5HQX 0LVKUD
6UL 6DWK\D 6DL �$XWRQRPRXV� &ROOHJH IRU :RPHQ� %KRSDO

$EVWUDFW

3K\OODQWKXV HPEOLFD IUXLW LV DQ LPSRUWDQW KHUE ZLWK WKH ULFKHVW QDWXUDO VRXUFH RI 9LWDPLQ & DQG

DQWLR[LGDQW SURSHUWLHV� 7KLV LV D UDVD\DQ XVHG DV WKHUDSHXWLF DJHQWV IRU SUHYHQWLRQ RI GLVHDVHV DQG

DLOPHQWV DV PHQWLRQHG LQ &KDUDN VDQKLWD� $ YDULHW\ RI UHODWLRQVKLS H[LVWV EHWZHHQ WKH HQGRSK\WLF

IXQJL DQG WKH KRVW SODQWV� UDQJLQJ IURP PXWXDOLW\ RU V\PELRWLF WR DQWDJRQLVWLF RU VOLJKWO\

SDWKRJHQLF EHFDXVH RI ZKDW DSSHDUV WR EH WKHLU FRQWULEXWLRQ WR WKH KRVW� 7RWDO �� GLIIHUHQW IXQJL RI

WZR GLYLVLRQV $VFRP\FRWD DQG =\JRP\FRWD IROORZHG E\ IRXU FODVVHV’ YL]� 'RWKLGHRP\FHWHV�

(XURWLRP\FHWHV� 6RUGDULRP\FHWHV� 0XFRURP\FHWHV DQG VL[ IDPLOLHV L�H� 3OHRVSRUDFHDH�

'DYLGLHOODFHDH� 7ULFKRFRPDFHDH� +\SRFUHDFHDH� 1HFWULDFHDH� 0XFRUDFHDH ZHUH LGHQWLILHG LQ DPOD

IUXLWV VDPSOHG IURP %LWWKDO VDEML PDUNHW� *RYLQGSXUD VDEML PDUNHW� 9LQGK\D +DUEDO *DUGHQ�

0DQJDOZDUD 0DUNHW 0DQGLGHHS� 3LSODQL +DWW� 6XQGD\ 0DUNHW 77 1DJDU� %DQJUDVLD 6XQGD\

0DUNHW DQG 6HKRUH %DMDU GXULQJ IUXLW KDUYHVWLQJ VHDVRQ�

.H\ZRUGV� � 3K\OODQWKXV HPEOLFD� HQGRSK\WHV� P\FRGLYHUVLW\� DLOPHQWV� LPPXQLW\�

,QWURGXFWLRQ�

(PEOLFD RIILFLQDOLV �3K\OODQWKXV HPEOLFD /�� LV DOVR NQRZQ DV $POD�DROD� ,QGLDQ JRRVHEHUU\ LV DQ

LPSRUWDQW KHUE ZLWK ULFKHVW QDWXUDO VRXUFH RI KLJK FRQWHQW RI YLWDPLQ &� FRQVWLWXWH RI SK\OOHPEOLQ�

JDOOLF DFLG� DVFRUELF DFLG� WDQQLQV HWF �*KRVKDO HW DO�� ������ 7KLV FDQ UHMXYHQDWH WKH RUJDQ V\VWHP

RI ERG\ DQG SURYLGH VWUHQJWK DQG ZHOOQHVV IRU LPSURYLVDWLRQ RI LPPXQLW\� 7KLV KDV EHHQ XVHIXO LQ

DPHOLRUDWLRQ RI FROG� FRXJK� LQIOXHQ]D� GLDEHWHV� OXQJV� KHDUW� DQG PDQ\ FKURQLF LQIHFWLRQV� $POD

LV DOVR XVHG DV D WRQLF WR EXLOG XS ORVW HQHUJ\ DQG YLJRU� EORRG SXULILHU� FDUGLR�SURWHFWLYH� GLXUHWLF�

OD[DWLYH� $\XUYHGLF SUDFWLWLRQHUV EHOLHYHG UHJXODU WDNHV RI DPOD ZLWK RWKHU SURGXFW RU DORQH FDQ

SUHYHQW IURP PDQ\ GLVHDVHV� 7KLV LV PXFK XVHIXO LQ WUHDWLQJ GLDEHWHV� DVWKPD� MDXQGLFH� FRXJK�

LQIODPPDWLRQ HWF� DQG KLJKO\ YDOXHG LQ ,QGLDQ WUDGLWLRQDO PHGLFLQHV �6FDUWH]]LQL HW DO�� ������ $

YDULHW\ RI UHODWLRQVKLS H[LVWV EHWZHHQ WKH HQGRSK\WLF IXQJL DQG WKH KRVW SODQWV� UDQJLQJ IURP

PXWXDOLW\ RU V\PELRWLF WR DQWDJRQLVWLF RU VOLJKWO\ SDWKRJHQLF EHFDXVH RI ZKDW DSSHDUV WR EH WKHLU
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FRQWULEXWLRQ WR WKH KRVW �$UQROG� ������ 0HGLFLQDO SODQWV DUH UHSRUWHG WR KDUERXU RI HQGRSK\WHV

�6WUREHO� ������ (QGRSK\WLF IXQJL SURGXFH D QXPEHU RI VXEVWDQFHV VXFK DV DQWLR[LGDQWV� QRYHO

DQWLELRWLFV� DQWLP\FRWLFV� LPPXQRVXSSUHVVDQW DQG DQWLFDQFHU FRPSRXQGV� DQG WKXV ULFK VRXUFH RI

ELRORJLFDOO\ DFWLYH PHWDEROLWHV WKDW ILQG ZLGH�UDQJLQJ H[SORLWDWLRQ LQ PHGLFLQH� DJULFXOWXUH� DQG

LQGXVWU\ �6WUREHO HW DO�� ����� %KDJREDW\ HW DO�� ������ *HQHUDOO\� SODQW GLVHDVHV RQ WKH EDVLV RI

FDXVDO IDFWRUV PDLQO\ JURXSHG LQWR WKUHH W\SHV QDPHO\ SDUDVLWLF �IXQJL� EDFWHULD� P\FRSODVPD DQG

VSLURSODVPDV� QHPDWRGHV� DOJDH� SURWR]RD� SDUDVLWLF IORZHULQJ SODQWV� QRQSDUDVLWLF �D ELRWLF DJHQWV

VXFK DV XQIDYRUDEOH ZHDWKHU FRQGLWLRQV� QXWULWLRQDO GHILFLHQF\� DLU SROOXWLRQ DQG PDQ\ HGDSKLF

FRQGLWLRQV� DQG YLUDO GLVHDVHV �0HKURWUD 	 $JJDUZDO� ������ ,Q RWKHU VWXG\ GXH WR ULVN RI

FRQWDPLQDWLRQ RI KHUEDO PHGLFLQDO SODQWV D VWXG\ FRQGXFWHG RQ LVRODWLRQ DQG LGHQWLILFDWLRQ RI

IXQJDO FRQWDPLQDWLRQ LQ VWRUHG PHGLFLQDO SODQWV VXFK DV 6DUDFDLQGLFD� 7HUPLQDOLDDUMXQD�

+HPLGHVPXVLQGLFXV� 7KLUWHHQ GLIIHUHQW IXQJDO VSHFLHV ZDV LVRODWHG IURP DOO WKH WKUHH PHGLFLQDO

SODQW VDPSOHV� 7KH SUHGRPLQDQW P\FRIORUD REWDLQHG ZDV GLVWULEXWHG LQ ILYH GLIIHUHQW JHQHUD

FRPSULVHG RI $VSHUJLOOXV� 3HQLFLOOLXP� $OWHUQDULD� 5KL]RSXV DQG 6\QFHSKDODVWUXP� $ WRWDO RI ��

JHQHUD UHSUHVHQWLQJ �� IXQJDO VSHFLHV ZHUH LVRODWHG IURP WKH FROOHFWHG �� IUXLWV VDPSOHV� )XQJDO

VSHFLHVJHQHUD$VSHUJLOOXV�3HQLFLOOLXP� )XVDULXP�$OWHUQDULD� &ODGRVSRULXP DQG &XUYXODULDDUH WKH

SURPLQHQW LVRODWHG JHQHUD �$NKXQGHW DO�� ������ 6KDUPD 	 6KDUPD� ����$Q LQYHVWLJDWLRQ RI

P\FRIORUD ZDV FDUULHG RXW IURP PDUNHW VDPSOHV RI IUHVK IUXLW RI 3K\OODQWKXVHPEOLFD /� VKRZHG

SUHVHQFH RI �� IXQJDO VSHFLHV EHORQJLQJ WR �� JHQHUD� 7KH RWKHU IXQJDO JHQHUD LVRODWHG DUH

$�IXPLJDWXV� $�SDUDVLWLFXV� )XVDULXPPRQLOLIRUPH� )�R[\VSRUXP� 3�LVODQGLFXP� 3�LWDOLFXP�

5KL]RSXVQLJULFDQV DQG 5� VWRORQLIHU� �'DV DQG 6KDUPD� ������ 3RVW KDUYHVW GLDVHDVH RI DPOD IUXLW

OLNH 3HQLFLOOXPURW� $VSHUJLOOXVQLJHUURW� 5KL]RSXV URW� 3KRPRSVLVURW DQG &ODGRVSRULXPURW ZHUH

DOVR UHSRUWHG IURP WKH VXUYH\ RI GLIIHUHQW IUXLWV PDUNHW RI 0DUDWKZDGD UHJLRQV 0DKDUDVKWUD VWDWH

�5DWKRG� ������

0DWHULDOV DQG 0HWKRGV�

'XOO JUHHQLVK \HOORZ $POD � $ROD �3K\OODQWKXV HPEOLFD /�� IUXLWV ZHUH FROOHFWHG IURP%LWWKDO VDEML

PDUNHW� %DGNKHGD VDEML PDUNHW DQG 3LSODQL VDEML PDUNHW %KRSDO �,QGLD� GXULQJ WKHLU IUXLW

KDUYHVWLQJ VHDVRQ LQ PRQWK RI )HEUXDU\� ����� &ROOHFWHG IUXLWV ZHUH ZDVKHG ZLWK WDS ZDWHU DQG

OHDYH IRU DLU GULHG LQ ODERUDWRU\ DW URRP WHPSHUDWXUH� 'ULHG VDPSOHV ZHUH VWRUHG LQ D FOHDQ ]LSSHU

SRO\ EDJ IRU IXUWKHU VWXGLHV� &ROOHFWHG IUXLWV VDPSOHV ZHUH UDQGRPO\ SLFN DQG VXUIDFH VWHULOL]HG

ZLWK �� DTXHRXV VROXWLRQ RI VRGLXP K\SRFKORULWH IRU WZR PLQXWHV IROORZHG E\ ULQVLQJ ZLWK VWHULOH

GLVWLOOHG ZDWHU WKULFH� 6DPSOHV ZHUH UHDG\ WR XVH IRU IXUWKHU VWXGLHV DIWHU DLU GU\� 'ULHG IUXLWV ZHUH

VOLFHG ZLWK WKH KHOS RI D VWHULOH VFDOSHO DQG SODWHG RQ 3'$ �3RWDWR 'H[WURVH $JDU� PHGLD ZLWK DQ

DQWLEDFWHULDO DJHQW &KORUDPSKHQLFRO ���SSP�� )UXLWV VOLFHV ZHUH SODFHG E\ WKHUH LQQHU VXUIDFHV

WXUQHG XS DQG WXUQHG GRZQ UDQGRPO\� ,QRFXODWHG SODWHV ZHUH LQFXEDWHG DW ���& � �R& IRU � GD\V
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DQG SURGXFHV FRORQLHV ZHUH QRWHG� 1RWHG FRORQLHV ZHUH HQXPHUDWH DQG VXEFXOWXUH� 5HSHDWHG

VXEFXOWXUHV ZHUH SHUIRUPHG IRU SXULILFDWLRQ DQG IXUWKHU LGHQWLILFDWLRQ �$NKXQG HW DO�� ������

,VRODWHG IXQJL ZHUH LGHQWLILHG LQ RUGHU WR PRUSKRORJLFDO FKDUDFWHULVWLFV YL]� FRORQ\ JURZWK� DHULDO

P\FHOLXP� FRORQ\ FRORXU� SUHVHQFH RI ZULQNOHV DQG IXUURZV� SLJPHQW SURGXFWLRQ HWF� IROORZHG E\

VWDLQHG ZLWK /DFWRSKHQRO FRWWRQ EOXH DQG WKH UHIHUHQFH PHWKRGV RI *LOPDQ ������� 'RPVFK HW DO��

������� %DUQHWW� ������� 0ROHFXODU FKDUDFWHUL]DWLRQ ZDV SHUIRUPHG IROORZHG E\ 6HTXHQFLQJ RI

,76 JHQH� 6HTXHQFH FRQILUPDWLRQ DQG 6HTXHQFH VXEPLVVLRQ�

5HVXOWV DQG 'LVFXVVLRQ�

7RWDO �� GLIIHUHQW IXQJL L�H� $OWHUQDULD DOWHUQDWD� &ODGRVSRULXP R[\VSRUXP� &ODGRVSRULXP

FODGRVSRULRLGHV� $VSHUJLOOXV QLJHU� $VSHUJLOOXV IODYXV� $VSHUJLOOXV IXPLJDWHV� $VSHUJLOOXV

SDUDVLWLFXV� $VSHUJLOOXV 9HUVLFRORU� $VSHUJLOOXV QRPLXV� 3HQLFLOOXP UXEUXP� 3HQLFLOOXP FLWULQXP�

3HQLFLOOXP FKU\VRJHQXP� 3HQLFLOOXP IXQLFXORVXP� $FUHPRQLXP LPSOLFDWXP� $VSHUJLOOXV WHUUHXV�

)XVDULXPVRODQL� )XVDULXP YHUWLFLOORLGHV� 0XFRU PLFURVSRUHV� 5KL]RSXV VWRORQLIHU ZHUH LGHQWLILHG

IURP VDPSOHG DPOD IUXLWV� $OO WKRVH ZHUH UHSRUWHG LQ WZR GLYLVLRQV $VFRP\FRWD DQG =\JRP\FRWD

IROORZHG E\ IRXU FODVVHV’ YL]� 'RWKLGHRP\FHWHV� (XURWLRP\FHWHV� 6RUGDULRP\FHWHV�

0XFRURP\FHWHV DQG VL[ IDPLOLHV L�H� 3OHRVSRUDFHDH� 'DYLGLHOODFHDH� 7ULFKRFRPDFHDH�

+\SRFUHDFHDH� 1HFWULDFHDH� 0XFRUDFHDH� 2XW RI �� LGHQWLILHG IXQJDO VSHFLHV RQO\ � VSHFLHV L�H�

$VSHUJLOOXV IODYXV� $VSHUJLOOXV SDUDVLWLFXV� $VSHUJLOOXV QRPLXV� )XVDULXP YHUWLFLOORLGHV UHSRUWHG

DV P\FRWR[LQ SURGXFHUV� $OO IXQJDO VSHFLHV LGHQWLILHG LQ WKLV VWXG\ EHORQJV WR WZR GLIIHUHQW

GLYLVLRQV L�H� $VFRP\FRWD DQG =\JRP\FRWD EXW WKH VSHFLHV UHSRUWHG IRU P\FRWR[LQV SURGXFWLRQ

EHORQJV WR $VFRP\FRWD GLYLVLRQ RQO\ ZKHUHDV WKRVH DUH GLVWULEXWHG LQ IRXU GLIIHUHQW FODVV L�H

'RWKLGHRP\FHWHV� (XURWLRP\FHWHV� 6RUGDULRP\FHWHV� 0XFRURP\FHWHV EXW P\FRWR[LQ SURGXFLQJ

VSHFLHV OLPLW WR WZR FODVVHV L�H� (XURWLRP\FHWHV� 6RUGDULRP\FHWHV� ([WHQVLYHO\ UHSRUWHG IXQJDO

VSHFLHV GLVWULEXWHG LQ VL[ GLIIHUHQW IDPLOLHV L�H� 3OHRVSRUDFHDH� 'DYLGLHOODFHDH� 7ULFKRFRPDFHDH�

+\SRFUHDFHDH� 1HFWULDFHDH� 0XFRUDFHDH� DQG P\FRWR[LQ SURGXFLQJ IXQJL OLPLW WR WZR IDPLOLHV L�H�

7ULFKRFRPDFHDH� 1HFWULDFHDH� 0D[LPXP QXPEHUV RI FRQWDPLQDWHG VDPSOHV DQG DV ZHOO

P\FRWR[LQV ZHUH IRXQG VSHFLHV RI $VSHUJLOOXV LQ (PEOLFD SRZGHU VDPSOHV �*DXWDP DQG %KDGXULD�

������ 7KLV VWXG\ ZDV DOVR VXSSRUWHG HDUOLHU UHSRUWV RI +LWRNRWR HW DO�� ����� $]L] HW DO�� �����

%XJQR HW DO�� ����� $ VWXG\ RI 6KDUPD DQG 6KDUPD ������ UHSRUWHG WKH SUHVHQFH RI �� IXQJDO

VSHFLHV UHSUHVHQWLQJ �� GLIIHUHQW JHQHUD ZLWK WKH �� WRWDO QXPEHU RI VDPSOHV FRORQLVHG� �� JUDQG

WRWDO FRORQLHV UHFRYHUHG� ����� FRORQ\ IRUPLQJ XQLW �&)� �� ���� DEXQGDQFH DQG ���� $�) UDWLR LQ

)XVDULXP YHUWLFLOORLGHV� ��� ��� �� WRWDO QXPEHU RI VDPSOHV FRORQLVHG� ��� ��� �� JUDQG WRWDO

FRORQLHV UHFRYHUHG� ������ ������ ����� FRORQ\ IRUPLQJ XQLW �&)� �� ����� ����� ���� DEXQGDQFH

DQG ����� ����� ���� $�) UDWLR LQ $VSHUJLOOXV IODYXV� $VSHUJLOOXV SDUDVLWLFXV� $VSHUJLOOXV QRPLXV

UHVSHFWLYHO\� 5HVXOWV UHSRUWHG LQ WKLV VWXG\ UHYHDOHG WKH DERYH VWXG\ RI 6KDUPD DQG 6KDUPD �������
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7DEOH� 'LYHUVLW\ RI VSHFLHV

'LYLVLRQ &ODVV )DPLO\ 6SHFLHV )DPLO\ 6SHFLHV

$VFRP\FRWD 'RWKLGHRP\FHWHV 3OHRVSRUDFHDH $OWHQDULD DOWHUQDWD �� ��
��� �� 'DYLGLHOODFHDH &ODGRVSRULXP R[\VSRUXP �� �

&ODGRVSRULXP
FODGRVSRULRLGHV

��

(XURWLRP\FHWHV 7ULFKRFRPDFH
DH

$VSHUJLOOXV QLJHU ��� ��

��� $VSHUJLOOXV IODYXV ��
$VSHUJLOOXV IXPLJDWXV ��
$VSHUJLOOXV SDUDVLWLFXV ��
$VSHUJLOOXV 9HUVLFRORU ��
$VSHUJLOOXV QRPLXV ��
3HQLFLOOXP UXEUXP ��
3HQLFLOOXP FLWULQXP ��
3HQLFLOOXP FKU\VRJHQXP ��
3HQLFLOOXP IXQLFXORVXP ��

6RUGDULRP\FHWHV +\SRFUHDFHDH $FUHPRQLXP LPSOLFDWXP �� ��
��� $VSHUJLOOXV WHUUHXV ��

1HFWULDFHDH )XVDULXP VRODQL �� ��
)XVDULXP YHUWLFLOORLGHV ��

=\JRP\FRWD 0XFRURP\FHWHV 0XFRUDFHDH 0XFRU PLFURVSRUXV �� ��
�� �� 5KL]RSXV VWRORQLIHU ��

��� WRWDO QXPEHU RI VDPSOHV FRORQLVHG� ���� JUDQG WRWDO FRORQLHV UHFRYHUHG� ����� FRORQ\ IRUPLQJ

XQLW �&)� �� ���� DEXQGDQFH DQG ���� $�) UDWLR LQ WRWDO LVRODWHG IXQJL ZKHUHDV ��� WRWDO QXPEHU

RI VDPSOHV FRORQLVHG� ��� JUDQG WRWDO FRORQLHV UHFRYHUHG� ����� FRORQ\ IRUPLQJ XQLW �&)� �� ����

DEXQGDQFH DQG ���� $�) UDWLR LQ DOO LGHQWLILHG IURP GLIIHUHQW VDPSOLQJ VWDWLRQV� 'LYLVLRQ ZLVH

VWXG\ UHSRUWHG LQ DOO VSHFLHV IRU GLYLVLRQ�

&21&/86,216

7KLV VWXG\ VWDWHG WKDW IUXLW VXUIDFH LV PRVW YDOXDEOH KDELWDW WKDW LQIOXHQFHV WKH PLFURRUJDQLVP WR

JURZ DQG HYROYH� 6RPH VSHFLHV DUH JURZQ ZHOO ZKHUHDV VRPH DUH NLOOHG GXH WR DQWDJRQLVWLF

SURSHUWLHV RI IUXLWV� �� GLIIHUHQW VSHFLHV RI IXQJXV DUH GHWHFWHG IURP VDPSOHV RI DPOD �3K\OODQWKXV

HPEOLFD� IUXLWV FROOHFWHG IURP GLIIHUHQW ORFDWLRQ RI %KRSDO DQG DGMRLQ DUHDV� 7KLV VWXG\ VXJJHVWV

WKDW WKHUH DUH XUJHQW QHHG WR PDNH DZDUHQHVV IRU SURSHU FROOHFWLRQ DQG VWRUDJH RI DPOD IUXLW� 'XH

WR ODFN RI SURSHU VWRUDJH DQG WUDQVSRUWDWLRQ� P\FRWR[LQ FRQWDPLQDWLRQ RFFXU LQ IUXLWV OHDGV

GLVHDVHV WR FRQVXPHU DQG DOVR ORVV WKH HFRQRP\ IROORZHG E\ URW�

5HIHUHQFHV�

$NKXQG 6� 6XKDLO 0� 5DQL ,� 0HPRQ ),� $EUR +� ������ )UXLW ERUQH 0\FRIORUD RI DPOD

�3K\OODQWKXV HPEOLFD /��� 3DN - %RW� �����������
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$UQROG $( ������ 8QGHUVWDQGLQJ WKH GLYHUVLW\ RI IROLDU HQGRSK\WLF IXQJL� SURJUHVV� FKDOOHQJHV�

DQG IURQWLHUV� )XQJDO%LRORJ\ 5HYLHZV ����������

$]L]� 1�+�� <RXVVHI� <�$�� 0RKH\H� =� (/�) DQG /RIW\� $�0� ����� &RQWDPLQDWLRQ RI VRPH

PHGLFLQDO SODQW VDPSOHV DQG VSLFHV E\ IXQJL DQG WKHLU P\FRWR[LQV� %RWDQLFDO %XOOHWLQ RI

$FDGHPLD 6LQLFD� �����������

%DUWRQ� 5� ������ .QRZ <RXU *DUGHQ 6RLO� +RZ WR 0DNH WKH 0RVW RI <RXU 6RLO 7\SH� (DUWKHDV\�

KWWS���OHDUQ�HDUWKHDV\� FRP���������KRZ�WRPDNH�WKH�PRVW�RI�\RXU�VRLO�W\SH� DFFHVVHG RQ

-DQXDU\ �� �����

%KDJREDW\ 5.� -RVKL 65 ������ 0HWDEROLWH SURILOLQJ RI HQGRSK\WLF IXQJDO LVRODWHV RI ILYH HWKQR�

SKDUPDFRORJLFDOO\ LPSRUWDQW SODQWV RI 0HJKDOD\D� ,QGLD� - 0HWDERORPLFV 6\VW %LRO� �����

���

%XJQR $� $GULDQD $%$� 7DWLDQD &3� 7HUH]LQKD $3 	 0\UQD 6 ������ 2FFXUUHQFH RI WR[LJHQLF

IXQJL� -RXUQDO RI 0LFURELRORJ\� ��� ������

'DV $� 6DUPD 7& ������ 3RVW KDUYHVW GHFD\ RI $YHUUKRD FDUDPEROD/� DQG 3K\OODQWKXV HPEOLFD /�

GXH WR VRPH PLFURIXQJL� ,QWHUQDWLRQDO TXDUWHUO\ MRXUQDO RI HQYLURQHPQWDO VFLHQFHV� ��������

'RPVFK� .�+�� *DPV� :� DQG $QGHUVRQ� 7�+� ������ &RPSHQGLXP RI 6RLO )XQJL� $FDGHPLF 3UHVV�

1HZ <RUN� 86$� SS� �����

*DXWDP$.� %KDGDXULD 5� 0\FRIORUD DQG P\FRWR[LQV LQ VRPH LPSRUWHG VWRUHG FUXGH DQG SRZGHUHG

KHUEDO GUXJV� %LRO )RUXP ,QW - �����������

*KRVKDO 6� 7ULSDWKL 9.� &KDXKDQ 6� ������ $FWLYH FRQVWLWXHQWV RI (PEOLFD RIILFLQDOLV� 3DUW ,� WKH

&KHPLVWU\ DQG DQWLR[LGDWLYH HIIHFWV RI WZR K\GURO\VDEOH WDQQLQV� HPEOLFDQLQ $ DQG

%�,QGLDQ - &KHP� �� �%�� ��������

*LOPDQ� -�&� DQG $EERW� (�9� ������ $ VXPPDU\ RI WKH VRLO IXQJL� ,RZD 6WDWH &ROO� -� 6FL�

�����ʹ����

+LWRNRWR� +�� 0RUR]XPL� 6�� :DXNH� 7�� 6DND� 6�� DQG .XUDWD� +� ����� )XQJDO FRQWDPLQDWLRQ 	

P\FRWR[LQ GHWHFWLRQ RI SRZGHUHG KHUEDO GUXJV� $SSOLHG DQG (QYLURQPHQWDO 0LFURELRORJ\�

��� ��������

/HH� <�-� DQG +DJOHU� :�0�� -U� ������� $IODWR[LQ DQG &\FORSLD]RQLF DFLG SURGXFHG E\ $VSHUJLOOXV

IODYXV LVRODWHG IURP FRQWDPLQDWHG PDL]H� -� )RRG 6FL�� ��� ���m���

0HKURWUD 56� $JJDUZDO $ ������ )XQGDPHQWDOV RI 3ODQW 3DWKRORJ\� 1HZ'HOKL���� ���� 0F*UDZ

+LOO (GXFDWLRQ 3YW� /WG� ��� S�



ZZZ�LMFUW�RUJ � ���� ,-&57 _ 9ROXPH ��� ,VVXH � 0D\ ���� _ ,661� ���������

,-&57������� ,QWHUQDWLRQDO -RXUQDO RI &UHDWLYH 5HVHDUFK 7KRXJKWV �,-&57� ZZZ�LMFUW�RUJ G���

0LUKHQGL� +RVVHLQ 	 'LED� .DPEL] 	 5H]DHL� $	 -DODOL]DQG� 1 	 +RVVHLQSXU� / 	 .KRGDGDGL�

+RVVHLQ� ������� &RORQ\�3&5 ,V D 5DSLG DQG 6HQVLWLYH 0HWKRG IRU '1$ $PSOLIL� FDWLRQ LQ

<HDVWV� ,UDQLDQ -RXUQDO RI 3XEOLF +HDOWK� ���

0RUWRQ 6*� (DGLH 7� /OHZHOO\Q *& ������ $OIODWR[LJHQLF SRWHQWLDO RI GULHG ILJV� DSULFRWV�

SLQHDSSOHV� DQG UDLVLQV� -� $2$&� ��� ���m���

5DWKRG *0 ������ 6XUYH\ RI 3RVW�+DUYHVW )XQJDO 'LVHDVHV RI 6RPH )UXLWV IURP 0DUDWKZDGD

5HJLRQV RI 0DKDUDVKWUD� ,QGLDQ -RXUQDO RI (FRELRWHFKQRORJ\� ����������

6DPEURRN� -�� )ULWVFK� (� 5�� 	 0DQLDWLV� 7� ������� 0ROHFXODU &ORQLQJ� $ /DERUDWRU\ 0DQXDO

��QG HG��� &ROG 6SULQJ +DUERU� 1<� &ROG 6SULQJ +DUERU /DERUDWRU\ 3UHVV�

6FDUWH]]LQL 3� $QWRJQRQL )� 5DJJL 0$� 3ROL )�6DEELRQL &� ������ 9LWDPLQ & FRQWHQW DQG

DQWLR[LGDQW DFWLYLW\ RI WKH IUXLW DQG RI WKH $\XUYHGLF SUHSDUDWLRQ RI (PEOLFD RIILFLQDOLV

*DHUWQ� -RXUQDO RI (WKQRSKDUPDFRORJ\� ��������� ������

6HQ\XYD +=� *LOEHUW -� 8ONHQ 8 ������ $IODWR[LQV LQ 7XUNLVK GULHG ILJV LQWHQGHG IRU H[SRUW WR WKH

(XURSHDQ 8QLRQ� -RXUQDO RI )RRG 3URWHFWLRQ� ��� ����m���

6KDUPD 5� 6KDUPD 9 ������ ,QYHVWLJDWLRQ RQ WKH P\FRGLYHUVLW\ RI IUHVK IUXLWV RI SK\OODQWKXV

HPEOLFD O��DQ LPSRUWDQW PHGLFLQDO SODQW� IURP MDPPX SURYLQFH� LQGLD� ,QWHUQDWLRQDO MRXUQDO

RI $GYDQFHG 5HVHDUFK ����� ��������

6KDUPD 5� 6KDUPD 9 ������ ,QYHVWLJDWLRQ RQ WKH P\FRGLYHUVLW\ RI IUHVK IUXLWV RI SK\OODQWKXV

HPEOLFD O�� DQ LPSRUWDQW PHGLFLQDO SODQW� IURP MDPPX SURYLQFH �,1',$�� ,QWHUQDWLRQDO

-RXUQDO RI $GYDQFHG 5HVHDUFK� ����� ��������

6WUREHO *$ ������ 5DLQIRUHVW HQGRSK\WHV DQG ELRDFWLYH SURGXFWV� &ULW 5HY %LRWHFKQRO� ����������

6WUREHO *$� 'DLV\ % ������ %LRSURVSHFWLQJ IRU PLFURELDO HQGRSK\WHV DQG WKHLU QDWXUDO SURGXFWV�

0LFURELRO 0RO %LRO 5HY� �����������

:KLWH� 	 %UXQV� 7RP 	 /HH� 6WHYHQ 	 7D\ORU� -RKQ� ������� :KLWH� 7� -�� 7� '� %UXQV� 6� %� /HH�

DQG -� :� 7D\ORU� $PSOLILFDWLRQ DQG GLUHFW VHTXHQFLQJ RI IXQJDO ULERVRPDO 51$*HQHV IRU

SK\ORJHQHWLFV�


