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.��,QGX��DQG�&�5��/DOLWKDNXQMDPPD�
'HSDUWPHQW�RI�9HWHULQDU\�3DWKRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\�����������7KULVVXU��.HUDOD

$EVWUDFW
7KH� REMHFWLYH� RI� WKLV� UHVHDUFK�ZRUN

ZDV�WR�XQGHUVWDQG�WKH�SDWKRORJLFDO�HIIHFWV�RI
DIODWR[LQ�LQ�UDEELWV�DQG�LWV�FRXQWHUDFWLRQ�XVLQJ
WKH�KHUEDO�IRUPXODWLRQ�7ULSKDOD��7KH�VWXG\�ZDV
FRQGXFWHG� IRU� D� SHULRG� RI� WZR�PRQWKV�ZLWK
WZHQW\� IRXU� UDEELWV� GLYLGHG� LQWR� WKUHH�JURXSV
RI�HLJKW�HDFK�� � ,W�ZDV�HYLGHQW� IURP�WKH�VWXG\
WKDW�WKH�KHUEDO�GUXJ�WULSKDOD�FRXOG�HIIHFWLYHO\
DPHOLRUDWH� HYHQ� WKH� FDUFLQRJHQLF� HIIHFWV� RI
DIODWR[LQ�
.H\ZRUGV��$IODWR[LQ��WULSKDOD��OLYHU

$PHOLRUDWLRQ� RI� DIODWR[LQ� WR[LFLW\� E\
GLHWDU\�KHUEDO� WUHDWPHQW� LV�D� UHFHQW�FRQFHSW�
7ULSKDOD� �FRQWDLQLQJ� FRPSRVLWH� PL[WXUH� RI
(PEOLFD�RIILFLQDOLV��7HUPLQDOLD�FKHEXOD�DQG�7�
EHOOLULFD�� LV� NQRZQ� WR� KDYH� KHSDWRSURWHFWLYH
SURSHUW\��7DVGXT��HW�DO�����������:LWK�WKLV�IDFW
LQ�PLQG�WULSKDOD�ZDV�XWLOL]HG�WR�FRXQWHUDFW�WKH
WR[LF�HIIHFWV�RI�DIODWR[LQ�LQ�WKLV�VWXG\�
0DWHULDOV�DQG�0HWKRGV

$VSHUJLOOXV� SDUDVLWLFXV� YDU�JORERVXV
����FXOWXUH�PDLQWDLQHG�RQ�SRWDWR�GH[WURVH�DJDU
DW� WKH�$,&53�RQ�3RXOWU\��9HWHULQDU\�&ROOHJH�
0DQQXWK\�ZDV�XVHG�LQ�WKLV�VWXG\��$IODWR[LQ�ZDV
SURGXFHG�LQ�ULFH�DV�SHU�WKH�PHWKRG�RI�6KRWZHOO
HW� DO�� �������� 7KH� UHSUHVHQWDWLYH� VDPSOH� RI
IXQJDO�FXOWXUH�PDWHULDO�ZHUH�TXDQWLILHG�E\�WKLQ
OD\HU� FKURPDWRJUDSK\� �$2$&��� ������ DW
$QLPDO� )HHG�$QDO\WLFDO� DQG�4XDOLW\� &RQWURO
/DERUDWRU\�� 7$189$6�� 1DPDNNDO�� 7KH� ULFH
FXOWXUH�\LHOGHG����SSP�RI�DIODWR[LQ�ZKLFK�ZDV

LQFRUSRUDWHG� LQWR� WKH� UDWLRQ� WR� JLYH� D� ILQDO
FRQFHQWUDWLRQ�RI�����SSP�RI�DIODWR[LQ�

7KH�VWXG\�ZDV�FRQGXFWHG�IRU�D�SHULRG
RI� WZR�PRQWKV�ZLWK� WZHQW\� IRXU� UDEELWV� DJHG
IRXU�ZHHNV��5DEELWV�ZHUH�ZHLJKHG�LQGLYLGXDOO\
DQG� GLYLGHG� LQWR� WKUHH� WUHDWPHQW� JURXSV
QDPHO\� JURXS� ,�� JURXS� ,,� DQG� JURXS� ,,,� ZLWK
HLJKW�UDEELWV�HDFK��$IODWR[LQ�FRQWDPLQDWHG�GLHW
DW�����SSP�DQG�FRPELQDWLRQ�RI�DIODWR[LQ�DGGHG
IHHG� ����� SSP�� DQG� WULSKDOD� DW� IRXU� SHUFHQW
ZHUH�JLYHQ�IRU�JURXS�,�DQG�JURXS�,,�UHVSHFWLYHO\�
*URXS� ,,,� ZDV� SURYLGHG� ZLWK� FRQWURO� GLHW�
6WDQGDUG�PDQDJHPHQW�SUDFWLFHV�ZHUH�IROORZHG
WKURXJKRXW�WKH�H[SHULPHQWDO�SHULRG��)HHG�DQG
ZDWHU� ZHUH� SURYLGHG� DG OLELWXP�� 'LIIHUHQW
SDUDPHWHUV� OLNH� VHUXP� SURILOH�� JURVV� DQG
KLVWRSDWKRORJLFDO�FKDQJHV�ZHUH�VWXGLHG�
5HVXOWV�DQG�'LVFXVVLRQ

6HUXP� HQ]\PH� DQDO\VLV� UHYHDOHG� D
VLJQLILFDQW��3�������LQFUHDVH�LQ�WKH�$VSDUWDWH
DPLQR� WUDQVIHUDVH� �$67���$ODQLQH� DPLQR
WUDQVIHUDVH� �$/7�� DQG�$ONDOLQH�3KRVSKDWDVH
�$/3�� YDOXHV� LQ� WKH� DIODWR[LQ� IHG� JURXS� DQG
WULSKDOD� JURXS�� � EXW� WULSKDOD� JURXS� VKRZHG
QXPHULFDOO\� ORZHU� YDOXHV�� ,QFUHDVH� LQ� VHUXP
HQ]\PHV� REVHUYHG� RQ� ��WK� DQG� ��WK� GD\
LQGLFDWHG�KHSDWLF�GDPDJH��)LJ�V������	�����7KH
LQFUHDVHG� OHYHOV� RI� VHUXP� HQ]\PHV� LQ
DIODWR[LFRVLV�ZHUH�UHSRUWHG�E\�PDQ\�ZRUNHUV
�$UXOPR]KL�HW�DO���������5RKLOOD�HW�DO���������
%KDQXSUDNDVK�HW�DO���������SURYHG�WUHDWPHQW
ZLWK� 3DUW\VPDUW��� D� KHUEDO� IRUPXODWLRQ
FRQWDLQLQJ�(PEOLFD�RIILFLQDOLV�FRXOG�HIIHFWLYHO\
UHGXFH� WKH� OHYHOV�RI�VHUXP�$67��$/3��$/7� LQ
DOFRKROLF� OLYHU�GLVHDVHV�


�3DUW�RI�0��9��6F��WKHVLV�VXEPLWWHG�E\�WKH�ILUVW�DXWKRU�WR�WKH�.HUDOD�$JULFXOWXUDO�8QLYHUVLW\��7KULVVXU
�� 9RFDWLRQDO�7HDFKHU��*�9�+�6�6�7KDPDUDVVHU\
���3URIHVVRU�DQG�+HDG

5HFHLYHG�����������
$FFHSWHG�����������
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)LJ����0HDQV�YDOXHV�RI�$VSDUDWH�DPLQRWUDQVIHUDVH
�$67���,8�/�

)LJ����0HDQ�YDOXHV�RI�$ODQLQH�DPLQRWUDQVIHUDVH
�$/7�� �,8�/�

)LJ����/LYHU�±�QHRSODVWLF�FHOOV�DOPRVW�ILOOLQJ�WKH
OXPHQ� RI� ELOH� GXFW� LQ� FKRODQJLRFHOOXODU
FDUFLQRPD������������������������������������+	(;����

)LJ���� /LYHU�±�GHQVH�DEXQGDQW�VXSSRUWLQJ�VWURPD
LQ�FKRODQJLRFHOOXODU�FDUFLQRPD������������+	(;����

)LJ�� ��� /LYHU� ±� ZHOO� PDLQWDLQHG� KHSDWLF
DUFKLWHFWXUH�LQ�WULSKDOD�JURXS��������+	(;����)LJ����0HDQ�YDOXHV�RI�$ONDOLQH�SKRVSKDWDVH��$/3���,8�/�

)LJ�����/LYHU�±�ELOH�GXFW�SUROLIHUDWLRQ�LQ�WULSKDOD
JURXS�������������������������������������������+	(;����

)LJ�� ��� /LYHU� ±� ELQXFOHDWH� DFWLYHO\� GLYLGLQJ
KHSDWRF\WHV� DQG� NXSIIHU� FHOO� SUROLIHUDWLRQ� LQ
WULSKDOD�VXSSOHPHQWHG�JURXS���������+	(;����
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5HIHUHQFHV
$2$&��������2IILFLDO�0HWKRGV�RI�$QDO\VLV���WK

HG��$VVRFLDWLRQ� RI�2IILFLDO�$QDO\WLFDO
&KHPLVWV���:DVKLQJWRQ��'�&�

$UXOPR]KL��$���9DUJKHVH��.��� ,VPDLO��3�.��DQG
3HHWKDPEDUDQ�� 3�$�� �����
+DHPDWRELRFKHPLFDO� FKDQJHV� LQ
H[SHULPHQWDO� DIODWR[LFRVLV� LQ� EURLOHU
FKLFNHQ��,QGLDQ�-��9HW��3DWKRO�� �������
����

%KDQXSUDNDVK��0�/��� �6DWK\DQDUD\DQD��6�.��
9LMD\DVDUDWKL��6�.��DQG��8SHQGUD��+�$�
������ 6HUXP� ELRFKHPLVWU\�� RUJDQ
ZHLJKWV� DQG� SHUIRUPDQFH� RI� EURLOHU
FKLFNHQV�IHG�DIODWR[LQ��RFKUDWR[LQ�DQG

7KH�UDEELWV�WKDW�GLHG�GXULQJ�WKH�FRXUVH
RI�WKH�H[SHULPHQW�DQG�WKH�DQLPDOV�HXWKDQLVHG
DW� WKH� HQG� RI� WZR�PRQWKV�ZHUH� VXEMHFWHG� WR
GHWDLOHG�SRVWPRUWHP�H[DPLQDWLRQ��7KH�JURVV
FKDQJHV� REVHUYHG� LQ� WKH� OLYHU� RI� UDEELWV� IHG
ZLWK�����SSP�DIODWR[LQ�FRQWDPLQDWHG�IHHG�ZHUH
SDOH� WR� \HOORZLVK� GLVFRORXUDWLRQ� DQG
HQODUJHPHQW� ZLWK� GLVWHQGHG� JDOO� EODGGHU
FRQVLVWLQJ�RI�WKLFN�JUHHQLVK�ELOH��7KH�OLYHU�ZDV
KDUG� LQ� FRQVLVWHQF\� DQG� QRGXODU� OHVLRQV� RI
YDU\LQJ�VL]HV�ZHUH�REVHUYHG�LQ�WKUHH�UDEELWV�
7KH� HQODUJHPHQW� RI� OLYHU� LQGLFDWHG� DIODWR[LQ
LQGXFHG�GHJHQHUDWLYH�GDPDJH�

7LVVXHV�RI�DIODWR[LQ�IHG�UDEELWV�DW����
SSP� OHYHO� �JURXS� ,�� UHYHDOHG� KLVWRORJLFDO
DOWHUDWLRQV�FKDUDFWHULVWLF�RI�DIODWR[LFRVLV� 7KH
YDVFXODU� FKDQJHV� REVHUYHG� ZHUH� FHQWUDO
YHQRXV�FRQJHVWLRQ��GLDODWDWLRQ�DQG�FRQJHVWLRQ
RI� VLQXVRLGV� DQG� SRUWDO� YHVVHOV��$IODWR[LQ
SURGXFHG�H[WHQVLYH�GHJHQHUDWLYH�FKDQJHV�LQ
WKH�KHSDWLF� WLVVXH��'LIIXVH�IDWW\�GHJHQHUDWLRQ
FKDUDFWHUL]HG�E\�YDFXRODWLRQ�RI�WKH�F\WRSODVP
RI�KHSDWRF\WHV�SXVKLQJ�WKH�QXFOHXV�WR�RQH�VLGH
ZDV�REVHUYHG��,QMXU\�WR�KHSDWRF\WHV�FDQ�OHDG
WR�DFFXPXODWLRQ�RI�OLSLGV�EHFDXVH�RI�GHFUHDVHG
IRUPDWLRQ� RU� H[SRUW� RI� O LSRSURWHLQ� E\
KHSDWRF\WHV�DQG�GHFUHDVHG�R[LGDWLRQ�RI�IDWW\
DFLGV� ZLWKLQ� KHSDWRF\WHV�� +HUH� DIODWR[LQ
GDPDJHG� WKH� KHSDWLF� FHOOV� DQG� OHG� WR� IDWW\
FKDQJH��0F�*DYLQ�HW�DO���������

&KURQLF�KHSDWLF�OHVLRQV�ZHUH�HYLGHQW
E\�ELOLDU\�K\SHUSODVLD��PRQRQXFOHDU�LQILOWUDWLRQ
DQG�ILEURXV�WLVVXH�SUROLIHUDWLRQ��0HJDORF\WRVLV
ZLWK� HQODUJHG� QXFOHXV� ZHUH� VHHQ�� 7KH
K\SHUSODVWLF�ELOH�GXFW�HSLWKHOLXP�IRUPHG�ILQJHU
OLNH� SURMHFWLRQV� LQWR� WKH� OXPHQ�� 7KHUH� ZDV
H[FHVVLYH� LQILOWUDWLRQ� RI�PRQRQXFOHDU� FHOOV� LQ
WKH� KHSDWLF� DQG� NLGQH\� SDUHQFK\PD�
0RQRQXFOHDU� LQILOWUDWLRQ� FRXOG� EH� UHODWHG� WR
LPPXQRORJLFDO� UHVSRQVH� E\� WKH� ERG\� WR� JHW
ULG�RI� WKH� WR[LF�PDWHULDOV�DQG�FKURQLF� OHVLRQV
DUH� FRQVLGHUHG� WR� EH� KHSDWLF� UHVSRQVH� WR
DIODWR[LQ� LQGXFHG� LQMXU\�� �0F� *DYLQ� HW� DO��
������

7KH�QRGXODU�OHVLRQV�VHHQ�LQ�WKH
OLYHU� RI� WKUHH� UDEELWV� RQ� KLVWRSDWKRORJLFDO
H[DPLQDWLRQ� UHYHDOHG� FKRODQJLRFHOOXODU
FDUFLQRPD�� 7KHUH�ZDV� QXPHURXV� JODQGXODU
VWUXFWXUHV�OLQHG�E\�FXERLGDO�RU�FROXPQDU�FHOOV
UHVHPEOLQJ� WKRVH� RI� ELOLDU\� HSLWKHOLXP� DQG
GHQVH� DEXQGDQW� VWURPD� �)LJ�V� �� DQG� ���
)RUPDWLRQ� RI� FKRODQJLRFHOOXODU� FDUFLQRPD� LQ
DIODWR[LFRVLV�ZDV�REVHUYHG�E\�0DU\DPPD�HW
DO���������LQ�SLJV�

7KH�JURVV�DQG�PLFURVFRSLFDO� OHVLRQV
LQ�UDEELWV�IHG�ZLWK�WULSKDOD�DW�IRXU�SHU�FHQW�OHYHO
LQ�DIODWR[LQ�DGGHG�IHHG�ZHUH�VLPLODU� WR� WKRVH
REVHUYHG�LQ�WR[LQ�IHG�EXW�LQ�UHGXFHG�PDJQLWXGH
DQG� VHYHULW\��7KHUH�ZDV� QR� ILUPQHVV� RI� OLYHU
DQG� QRGXODU� OHVLRQV� LQ� WULSKDOD� JURXS�� ,Q� WKH
OLYHU� RI� WULSKDOD� WUHDWHG� JURXS� WKHUH� ZHUH
FRQJHVWLRQ� RI� FHQWUDO� YHLQV� DQG� VLQXVRLGDO
VSDFHV��'LIIXVH�IDWW\�FKDQJH�DQG�ZLGH�VSUHDG
QHFURVLV�ZLWK�IRFDO�PRQRQXFOHDU�DFFXPXODWLRQ
ZHUH� DOVR� REVHUYHG� EXW� LQ� OHVV� VHYHULW\
FRPSDUHG�WR�WKH�WR[LQ�IHG�JURXS��3UROLIHUDWLRQ
RI� ELOH� GXFWV� �)LJ�� ��� ZLWK�PLOG� SHULGXFWXODU
DFFXPXODWLRQ�RI�PRQRQXFOHDU�FHOOV�ZDV�VHHQ
LQ�D�IHZ�FDVHV��)LEURXV�WLVVXH�SUROLIHUDWLRQ�ZDV
VFDQW\�DQG�DUFKLWHFWXUH�RI� WKH� OLYHU�ZDV�ZHOO
PDLQWDLQHG� �)LJ�� ���� %LQXFOHDWH� DFWLYHO\
GLYLGLQJ�KHSDWRF\WHV�DQG�.XSIIHU�FHOO�UHDFWLRQ
ZHUH�DEXQGDQW�LQ�WKH�SDUHQFK\PD�RI�WULSKDOD
VXSSOHPHQWHG� JURXS� �)LJ�� ���� 7KH� OLYHU� RI
FRQWURO� JURXS� DQLPDOV� DSSHDUHG
PRUSKRORJLFDOO\� DQG� KLVWRORJLFDOO\� QRUPDO
WKURXJKRXW�WKH�H[SHULPHQWDO�VWXG\�

5HVXOWV�RI�WKH�SUHVHQW�VWXG\�UHYHDOHG
WKDW� DIODWR[LQ� DW� ���� SSP� OHYHO� LQ� WKH� IHHG
DGYHUVHO\� DIIHFWHG� VHUXP� HQ]\PHV� EHVLGHV
SURGXFLQJ� JURVV� DQG� KLVWRSDWKRORJLFDO
DOWHUDWLRQV�LQ�WKH�OLYHU��%XW�LQFOXVLRQ�RI�WULSKDOD
DW� IRXU�SHU� FHQW� OHYHO� LQ� WKH�GLHW� VLJQLILFDQWO\
DPHOLRUDWHG� WKH� WR[LFLW\� E\� KHSDWRSURWHFWLYH
DQG�DQWL�FDUFLQRJHQLF�HIIHFWV��&RQVWLWXHQWV�RI
WULSKDOD�KDV�EHHQ�UHSRUWHG�WR�EH�D�ULFK�VRXUFH
RI�YLWDPLQ�&��HOODJLF�DFLG��JDOOLF�DFLG��FKHEXOLQLF
DFLG� EHOOHULFDQLQ� k�VLWRVWHURO��IODYDQRLGV�DQG
SRO\SKHQROV��*LUGKDQL�HW�DO����������,W�KDUERXUV
FRQVWLWXHQWV�ZLWK�SURPLVLQJ�DQWLPXWDJHQLF�DQG
DQWLFDUFLQRJHQLF� SRWHQWLDO� WKDW� VKRXOG� EH
LQYHVWLJDWHG� LQ�GHWDLO�
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WR[LQ�ELQGHU��,QGLDQ��9HW��-�����������
����

*LUGKDQL�� 6��� %KRVOH�� 6�0��� 7KXOVLGDV�� 6�$��
.XPDU��$�� DQG�0LVKUD�� .�3�� �����
5DGLRVHQVLWL]LQJ� DJHQWV� LQ� FDQFHU
FKHPR�UDGLRWKHUDS\�� -�� &DQ�� 5HV�
7KHU������������

0DU\DPPD��.�,���5DMDQ��$���*RSDODNULVKQDQ�
1�0�� � DQG�0DQRPRKDQ��&�%�� �����
(IIHFW� RI� GLHWDU\� SURWHLQ� OHYHOV� RQ
DIODWR[LQ� LQGXFHG� KHSDWRFDUFLQR
JHQHVLV� LQ�SLJV�� � -��9HW� ��$QLP��6FL��
���������

0F�*DYLQ��0�'���&DUOWRQ��:�:���=DFKDU\��-�)�
������7KRPVRQ¶V�6SHFLDO� 9HWHULQDU\
3DWKRORJ\� ��UG� HG��0RVE\���0LVVRXUL�
���S�

0F�*DYLQ��0�'���=DFKDU\��-�)��������3DWKRORJLF
%DVLV� RI� 9HWHULQDU\�'LVHDVH���WK� HG�
0RVE\���0LVVRXUL������S�

5RKLOOD��3�3���6LQJK��*��DQG�%XMDUEDUXDK��.�0�
�����7KHUDSHXWLF�HIILFDF\�RI�OLYILW�YHW
DJDLQVW�DIODWR[LFRVLV�LQ�UDEELWV��,QGLDQ
9HW��0HG��-������������

6KRWZHOO��2�/���+HVVHOWLQH��&�:���6WXEEOHILHOG�
5�'�� DQG� 6RUHQVRQ�� *�:�� �����
3URGXFWLRQ�RI�DIODWR[LQ�RQ�ULFH��$SSO�
0LFURELRO��������������

7DVGXT�� 6��� 0RQGKH�� � '�0��� *XSWD�� � '��
%DOHVKZDU��0�DQG��-RKUL��5�.��������
5HYHUVDO� RI� ILEURJHQLF� HYHQWV� LQ� OLYHU
E\��(PEOLFD�RIILFLQDOLV���IUXLW����DQ�,QGLDQ
QDWXUDO�GUXJ���%LRO���3KDUP���%XOO��������
�����


