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6WHOOD�&\ULDF���/HR�-RVHSK��DQG�
7��*LELQ�*HRUJH�
'HSDUWPHQW�RI�3RXOWU\�6FLHQFH
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV��
0DQQXWK\����������7KULVVXU��.HUDOD�5HFHLYHG�����������

$FFHSWHG�����������

$EVWUDFW
$Q�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�:KLWH�

3HNLQ��.XWWDQDG�DQG�0XVFRY\�GUDNHV�ZLWK�WKH�
REMHFWLYH� RI� FRPSDULQJ� WKH� HI¿FLHQF\� RI� IRXU�
GLIIHUHQW� SRXOWU\� VHPHQ�H[WHQGHUV� IRU� GLOXWLRQ�
DQG�VWRUDJH�RI�VHPHQ��6HPHQ�VDPSOHV�ZHUH�
GLOXWHG� LQ� IRXU�GLIIHUHQW�H[WHQGHUV�YL]��1RUPDO�
6DOLQH��3KRVSKDWH�%XIIHU�6DOLQH��/DNH�3RXOWU\�
6HPHQ�([WHQGHU�DQG�%HOWVYLOOH�3RXOWU\�6HPHQ�
([WHQGHU�DQG�ZHUH�NHSW�DW�URRP�WHPSHUDWXUH�
DQG�DOVR�DW���&��7KH�SRVW�GLOXWLRQ�PRWLOLW\�ZDV�
DVVHVVHG�DW����������������DQG����K�DIWHU�GLOXWLRQ��
7KH�UHVXOWV�RI�SRVW�GLOXWLRQ�PRWLOLW\�UHYHDOHG�WKDW�
VWRUDJH�DW�UHIULJHUDWLRQ�WHPSHUDWXUH�DIWHU�GLOXWLRQ�
ZLWK� GLOXHQWV� FRQWDLQLQJ� EXIIHU� DQG� HQHUJ\�
SURORQJHG�WKH�OLYDELOLW\�RI�VSHUPDWR]RD�
.H\�ZRUGV��'UDNH��GLOXHQWV��PRWLOLW\��VSHUPD�
WR]RD

7KH�VHPHQ�RI�ELUGV�LV�KLJKO\�FRQFHQWUDWHG�
DQG�WKH�YROXPH�LV�WRR�ORZ�WR�KDQGOH�FRQYHQLHQWO\��
0DQ\� SRXOWU\� VHPHQ� H[WHQGHUV� KDYH� EHHQ�
GHYHORSHG� DQG� WKHLU� HIILFLHQF\� KDV� EHHQ�
HYDOXDWHG�LQ�FKLFNHQ�DQG�RWKHU�DYLDQ�VSHFLHV���
+RZHYHU�� UHVHDUFK� ZRUN� RQ� VWRUDJH� DQG�
SUHVHUYDWLRQ�RI�GUDNH�VHPHQ�LV�OLPLWHG�DQG�WKH�
YLDELOLW\�RI�GUDNH�VSHUPV�DIWHU�GLOXWLRQ�LQ�GLIIHUHQW�
H[WHQGHUV�LV�OHDVW�VWXGLHG���+HQFH��D�VWXG\�ZDV�
FRQGXFWHG�ZLWK�WKH�REMHFWLYH�RI�FRPSDULQJ�WKH�
HIILFDF\� RI� FRPPRQ� SRXOWU\� VHPHQ� GLOXHQWV�

QDPHO\��1RUPDO�6DOLQH��16���3KRVSKDWH�%XIIHU�
6DOLQH� �3%6��� /DNH�3RXOWU\�6HPHQ�([WHQGHU�
�/36(��DQG�%HOWVYLOOH�3RXOWU\�6HPHQ�([WHQGHU�
�%36(�� LQ�PDLQWDLQLQJ� WKH�PRWLOLW\� RI� GUDNH�
VSHUPDWR]RD�DIWHU�GLOXWLRQ�
0DWHULDOV�DQG�0HWKRGV

7ZHQW\� IRXU� DGXOW� GUDNHV�RI� ���ZHHNV�
RI�DJH��HLJKW�HDFK�IURP�.XWWDQDG��:KLWH�3HNLQ
�$QDVSODW\UK\QFKRVGRPHVWLFXV�DQG�0XVFRY\�
�&DLULQDPRVFKDWDPRPHODQRWXV�EUHHGV�ZHUH�
XWLOL]HG� IRU� WKH�VWXG\�� �$OO�GUDNHV�ZHUH� UHDUHG�
XQGHU�XQLIRUP�KRXVLQJ�DQG�PDQDJHPHQW�ZLWK�
DGOLELWXP� IHHG� DQG�ZDWHU�� &ROOHFWLRQV�ZHUH�
GRQH� DIWHU� FOLSSLQJ� WKH� IHDWKHUV� DURXQG� WKH�
YHQW� UHJLRQ� LQ� RUGHU� WR� DYRLG� FRQWDPLQDWLRQ���
7KH�PHWKRG�RI�VHPHQ�FROOHFWLRQ�IROORZHG��ZDV�
WKH�PDVVDJH�SURFHGXUH�RXWOLQHG�E\�/DNH�DQG�
6WHZDUW���������

3RROHG�VHPHQ�VDPSOHV�IURP�WKH�WKUHH�
EUHHGV�ZHUH� FROOHFWHG�DW�ZHHNO\� LQWHUYDOV� IRU�
VL[�ZHHNV�DQG�ZHUH�GLOXWHG�LQ����UDWLR�ZLWK�IRXU�
SRXOWU\�VHPHQ�GLOXHQWV�LH�1RUPDO�6DOLQH��16���
3KRVSKDWH�%XIIHUHG�6DOLQH��3%6���/DNH�3RXOWU\�
6HPHQ�([WHQGHU��/36(��DQG�%HOWVYLOOH�3RXOWU\�
6HPHQ�([WHQGHU��%36(����7KH�GLOXWHG�VHPHQ�
VDPSOHV�ZHUH�VWRUHG�DW�URRP�WHPSHUDWXUH�DQG�
DW���&�DQG�WKH�PRWLOLW\�ZDV�H[DPLQHG�DW�������
���������DQG����K��0RWLOLW\�RI�VSHUPDWR]RD�ZDV�
VFRUHG�DV�SHU�WKH�VFRULQJ�V\VWHP�VXJJHVWHG�E\�

��$VVLVWDQW�3URIHVVRU��'HSW��RI�3RXOWU\�6FLHQFH��&9$6��0DQQXWK\
&RUUHVSRQGLQJ�$XWKRU��VWHOODF\ULDF��#JPDLO�FRP
��'LUHFWRU�&HQWUH�IRU�$GYDQFHG�6WXGLHV�LQ�3RXOWU\�6FLHQFH��&9$6��0DQQXWK\
��$VVLVWDQW�0DQDJHU��.HUDOD�/LYHVWRFN�'HYHORSPHQW�%RDUG��.DWWDSSDQD��,GXNNL
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:KHHOHU� DQG�$QGUHZV� ��������)UHVK�GLOXHQWV�
SUHSDUHG�HYHU\�ZHHN�ZHUH�XVHG�IRU�WKH�VWXG\�
DQG� WKH� S+�RI� WKH� GLOXHQWV�ZDV� EHWZHHQ�����
DQG� ����7KH� GDWD�ZHUH� DQDO\VHG� VWDWLVWLFDOO\�
DV� SHU� WKH�PHWKRG� GHVFULEHG� E\� 6QHGHFRU�
DQG�&RFKUDQ���������$OO�WKH�WHVWV�RI�GLIIHUHQFH�
EHWZHHQ�PHDQV�ZHUH�FRQGXFWHG�DW�¿YH�SHU�FHQW�
SUREDELOLW\�OHYHO�

1RUPD O � 6D O LQH � ZDV � S UHSDUHG�
E\GLVVROYLQJ����J�6RGLXP�&KORULGH� LQ�����PO�
GLVWLOOHG�ZDWHU�DQG�3%6�E\�GLVVROYLQJ�������J�
3%6�SRZGHU�LQ�����PO�GRXEOH�GLVWLOOHG�ZDWHU�7KH�
FRPSRVLWLRQ��J����PO�GRXEOH�GLVWLOOHG�ZDWHU��RI�
/DNH�3RXOWU\�6HPHQ�([WHQGHU� DQG�%HOWVYLOOH�
3RXOWU\�6HPHQ�([WHQGHU�SUHSDUHG�DUH�JLYHQ�LQ�
7DEOH���
5HVXOWV�DQG�'LVFXVVLRQ

7KH�UHVXOWV�RI�SRVW�GLOXWLRQ�PRWLOLW\�DIWHU�
VWRUDJH�DW�URRP�WHPSHUDWXUH�DQG�UHIULJHUDWLRQ�
WHPSHUDWXUH� RI�:KLWH� 3HNLQ�� .XWWDQDG� DQG�
0XVFRY\�DUHSUHVHQWHG� LQ�7DEOH���DQG����7KH�
VDPSOHV�GLOXWHG�ZLWK�16�VKRZHG�VLJQL¿FDQWO\�
�S������� ORZHU� LQLWLDO�PRWLOLW\� WKDQ� WKDW�GLOXWHG�
ZLWK�3%6�� /36(�DQG�%36(��$W� WZR�KRXUV� RI�
VWRUDJH� DW� URRP� WHPSHUDWXUH�� WKH�PRWLOLW\� RI�
VDPSOHV�GLOXWHG�ZLWK�16�GURSSHG�GRZQ�WR�]HUR�
EXW� XQGHU� UHIULJHUDWLRQ� WHPSHUDWXUH�� VDPSOHV�
GLOXWHG�ZLWK�16�VKRZHG�D�PRWLOLW\�RI������SHU�
FHQW�DIWHU���KRXUV���6DPSOHV�GLOXWHG�ZLWK�%36(�
ORVW� WKHLU�PRWLOLW\� FRPSOHWHO\� DIWHU� IRXU� KRXUV�
RI� VWRUDJH� DW� URRP� WHPSHUDWXUH�� � %XW�� XQGHU�
UHIULJHUDWLRQ�FRQGLWLRQV�WKH�VDPSOHV�GLOXWHG�ZLWK�

%36(�VKRZHG�PRWLOLW\�VLPLODU�WR�WKDW�GLOXWHG�ZLWK�
3%6�DQG�/36(�HYHQ�DIWHU�HLJKW�KRXUV���6DPSOHV�
GLOXWHG�ZLWK�/36(�DQG�3%6�VKRZHG�QXPHULFDOO\�
KLJKHU�PRWLOLW\� XQGHU� URRP� WHPSHUDWXUH� DQG�
UHIULJHUDWLRQ�FRQGLWLRQV�DW�IRXU�DQG�HLJKW�KRXUV�
RI�VWRUDJH��UHVSHFWLYHO\����

7KH�PRWLOLW\�RI�VDPSOHV�GLOXWHG�ZLWK�3%6�
DQG� /36(�ZDV� VLJQL¿FDQWO\� �S������� JUHDWHU�
WKDQ�WKH�PRWLOLW\�RI�VDPSOHV�GLOXWHG�ZLWK�16�DQG�
%36(���$IWHU�WZR�DQG�IRXU�KRXUV�RI�VWRUDJH�DW�
URRP�WHPSHUDWXUH�DQG�UHIULJHUDWLRQ�WHPSHUDWXUH��
WKH�VDPSOHV�GLOXWHG�ZLWK�16�VKRZHG�VLJQL¿FDQWO\�
�S�������ORZHU�PRWLOLW\�SHUFHQWDJH�DQG�VDPSOHV�
GLOXWHG�ZLWK�/36(�VKRZHG�VLJQL¿FDQWO\��S�������
KLJKHU�PRWLOLW\� SHUFHQWDJH��7KH� VSHUPDWR]RD�
UHWDLQHG�WKHLU�PRWLOLW\�DIWHU���KRXUV�RI�VWRUDJH�
XQGHU� UHIULJHUDWLRQ� WHPSHUDWXUH� LQ� VDPSOHV�
GLOXWHG�ZLWK�3%6� �������SHU� FHQW�� DQG�/36(�
������� SHU� FHQW�� ZKHUHDV� DIWHU� �� KRXUV� RI�
VWRUDJH�DW� URRP� WHPSHUDWXUH�� ������SHU� FHQW�
PRWLOLW\�ZDV�REVHUYHG� LQ�VDPSOHV�GLOXWHG�ZLWK�
/36(��

,Q�0XVFRY\�GUDNHV�� WKH�PRWLOLW\� RI� WKH�
VHPHQ�VDPSOHV�GLOXWHG�ZLWK�16�DQG�%36(�ZDV�
VLJQL¿FDQWO\��S�������ORZHU�WKDQ�WKDW�RI�VDPSOHV�
GLOXWHG�ZLWK�3%6�DQG�/36(� LQLWLDOO\� DQG�DOVR�
DIWHU�WZR�KRXUV�RI�VWRUDJH�DW�URRP�WHPSHUDWXUH�
DQG� UHIULJHUDWLRQ� WHPSHUDWXUH��6LPLODU� UHVXOWV�
ZHUH�REVHUYHG�DIWHU�IRXU�KRXUV�RI�VWRUDJH�XQGHU�
UHIULJHUDWLRQ�FRQGLWLRQV�DOVR���$IWHU�IRXU�KRXUV�RI�
VWRUDJH�DW�URRP�WHPSHUDWXUH��VDPSOHV�GLOXWHG�
ZLWK�/36(�VKRZHG�VLJQL¿FDQWO\��S�������KLJKHU�
PRWLOLW\�DQG�WKH�PRWLOLW\�LQ�VDPSOHV�GLOXWHG�ZLWK�
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3%6�ZDV�VLPLODU�WR�WKDW�LQ�VDPSOHV�GLOXWHG�ZLWK�
/36(��%36(�DQG�16��6DPSOHV�GLOXWHG�ZLWK�3%6�
VKRZHG� VLJQL¿FDQWO\� �S������� KLJKHU�PRWLOLW\�
DIWHU�HLJKW�KRXUV�RI�VWRUDJH�XQGHU�UHIULJHUDWLRQ�
WHPSHUDWXUH�DQG�WKH�PRWLOLW\�RI�VDPSOHV�GLOXWHG�
ZLWK�/36(�ZDV�VLPLODU�WR�WKDW�GLOXWHG�ZLWK�3%6��
16�DQG�%36(�

7KH� VSHUPDWR]RD� EHFDPH�QRQ�PRWLOH�
DIWHU�HLJKW�KRXUV�RI�GLOXWLRQ�DQG�VWRUDJH�DW�URRP�
WHPSHUDWXUH�EXW��ZKHQ� VWRUHG�DW� UHIULJHUDWLRQ�
WHPSHUDWXUH� YHU\� VPDOO� SHUFHQWDJH� ��� �� SHU�
FHQW�� RI� VSHUPDWR]RD�ZLWK� ZHDN� RVFLOODWRU\�
PRYHPHQW�ZHUH�REVHUYHG�DW����DQG����KRXUV�LQ�
WKH�VDPSOHV�GLOXWHG�ZLWK�3%6�DQG�/36(��

5HSRUWV�RQ�GLOXWLRQ�DQG�VWRUDJH�RI�GUDNH�
VHPHQ�DUH�VFDQW\�DQG�VLPLODU�VWXGLHV�KDYH�QRW�
EHHQ�FRQGXFWHG�LQ�.XWWDQDG�GXFNV�VR�IDU��5HVXOWV�
VLPLODU� WR� WKH�SUHVHQW�VWXG\�ZHUH�UHSRUWHG�E\�
6WXQGHQ��������ZKR�FRPSDUHG�%HOWVYLOOH�3RXOWU\�
6HPHQ� ([WHQGHU� �%36(�� DQG� /DNH� 3RXOWU\�
7DEOH�����3RVW�GLOXWLRQ�PRWLOLW\��SHU�FHQW��RI�GUDNH�VHPHQ�DIWHU�GLOXWLRQ�ZLWK�1RUPDO�6DOLQH��16���
3KRVSKDWH�%XIIHU�6DOLQH��3%6���/DNH���3RXOWU\�6HPHQ�([WHQGHU��/36(���%HOWVYLOOH�3RXOWU\�6HPHQ�
([WHQGHU��%36(��DQG�VWRUDJH�DW�URRP�WHPSHUDWXUH�IRU�GLIIHUHQW�WLPH�GXUDWLRQ

0HDQV�EHDULQJ�GLIIHUHQW�VXSHUVFULSWV�LQ�D�URZ�ZLWKLQ�D�EUHHG�GLIIHU�VLJQL¿FDQWO\��S�������
7DEOH����3RVW�GLOXWLRQ�PRWLOLW\��SHU�FHQW��RI�GUDNH�VHPHQ�DIWHU�GLOXWLRQ�ZLWK�1RUPDO�6DOLQH��16���
3KRVSKDWH�%XIIHU�6DOLQH��3%6���/DNH���3RXOWU\�6HPHQ�([WHQGHU��/36(���%HOWVYLOOH�3RXOWU\�6HPHQ�
([WHQGHU��%36(��DQG�VWRUDJH�DW�UHIULJHUDWLRQ�WHPSHUDWXUH�IRU�GLIIHUHQW�WLPH�GXUDWLRQ

0HDQV�EHDULQJ�GLIIHUHQW�VXSHUVFULSWV�LQ�D�URZ�ZLWKLQ�D�EUHHG�GLIIHU�VLJQL¿FDQWO\��S�������

6HPHQ�([WHQGHU��/36(��LQ�/HJKRUQV�DQG�IRXQG�
WKDW� VHPHQ� VWRUHG� LQ� HLWKHU� %36(� RU� /36(�
SHUIRUPHG�EHWWHU�WKDQ�XQGLOXWHG�FRQWURO����SHU�
FHQW���7KH�¿QGLQJV�RI�.DVDL�DQG�,]XPR��������
DOVR� DJUHH�ZLWK� WKH� SUHVHQW� ¿QGLQJV��6LPLODU�
UHVXOWV�ZHUH�UHSRUWHG�E\�$[�DQG�/RGJH��������
DQG�$XVWLQ� DQG�1DWDUDMDQ� ������� LQ� URRVWHU�
VSHUPDWR]RD�DQG�WKH\�IRXQG�WKDW�WKH�PRWLOLW\�RI�
GLOXWHG�VHPHQ�UHGXFHG�ZLWK�LQFUHDVH�LQ�VWRUDJH�
WLPH���/LWHUDWXUHV�ZLWK�VLPLODU�GLOXHQWV��VWRUDJH�
WLPH�DQG�WHPSHUDWXUH�LQ�GXFNV�DUH�VFDQW\��)URP�
WKH�DYDLODEOH�OLWHUDWXUHV��LW�FRXOG�EH�FRQFOXGHG�
WKDW�LQ�DGGLWLRQ�WR�DPELHQW�WHPSHUDWXUH�VHYHUDO�
RWKHU� IDFWRUV� OLNH� WKH�FRPSRVLWLRQ�RI�GLOXHQWV��
GLOXWLRQ�UDWH�DQG�S+�FDQ�DOVR�DIIHFW�WKH�PRWLOLW\�
RI� GLOXWHG� VHPHQ��+\SRWRQLF� VROXWLRQV� FDXVH�
VSHUP�VZHOOLQJ�DQG�EXUVWLQJ�DQG�KHQFH�RVPRWLF�
SUHVVXUH�DOVR�DSSHDUV�WR�EH�D�FUXFLDO�IDFWRU�LQ�
PDLQWDLQLQJ�PRWLOLW\���0DLQWHQDQFH�RI�IHUWLOL]LQJ�
FDSDFLW\� RI� SRXOWU\� VSHUP� IRU� XS� WR� ��� KRXUV�
UHTXLUHV�WKH�SURYLVLRQ�RI�R[\JHQ��D�GLOXHQW�WKDW�
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VXSSOLHV�IUXFWRVH�RU�JOXFRVH�DV�D�VXEVWUDWH�IRU�
SURGXFWLRQ�RI�$73��VXI¿FLHQW�EXIIHULQJ�FDSDFLW\�
WR�PDLQWDLQ�S+�DQG�DQ�DPELHQW�WHPSHUDWXUH�RI�
��WR����&��(WFKHV����������

7KH�UHVXOWV�REWDLQHG�LQ�WKH�SUHVHQW�VWXG\�
LQGLFDWH�WKDW�JRRG�TXDOLW\�VHPHQ�FROOHFWHG�E\�
PDVVDJH�PHWKRG�IURP�:KLWH�3HNLQ��.XWWDQDG�
DQG�0XVFRY\�EUHHGV�RI�GXFNV�FRXOG�EH�XVHG�
IRU�DUWL¿FLDO�LQVHPLQDWLRQ�DIWHU�GLOXWLRQ�ZLWK�����
UDWLR��$PRQJ�WKH�IRXU�GLIIHUHQW�GLOXHQWV�WHVWHG��
/36(�ZDV�IRXQG�WR�EH�EHWWHU�LQ�PDLQWDLQLQJ�WKH�
PRWLOLW\��7KH� VHPHQ�GLOXWHG�ZLWK� /36(� FRXOG�
EH� VWRUHG� XQGHU� UHIULJHUDWLRQ� IRU� XSWR� HLJKW�
KRXUV�UHWDLQLQJ�WKH�PRWLOLW\��,Q�SRXOWU\��DUWL¿FLDO�
LQVHPLQDWLRQ�LV�XVXDOO\�GRQH�ZLWKLQ����PLQXWHV�
DIWHU� VHPHQ�FROOHFWLRQ��)URP� WKH� UHVXOWV�� LW� LV�
HYLGHQW� WKDW� VDPSOHV� GLOXWHG�ZLWK� 3%6� DOVR�
VKRZHG�PRWLOLW\�VLPLODU�WR�WKDW�GLOXWHG�ZLWK�/36(�
DW� ]HUR� KRXU� LQ� DOO� WKH� WKUHH� EUHHGV��+HQFH��
GLOXWLRQ�ZLWK�3%6�FRXOG�EH� UHFRPPHQGHG� IRU�
GLOXWLRQ�RI�GUDNH�VHPHQ�WKDW� LV�WR�EH�XVHG�IRU�
LQVHPLQDWLRQ� LPPHGLDWHO\� DIWHU� FROOHFWLRQ� RI�
VHPHQ��5HDG\PDGH�3%6�SRZGHU� LV�DYDLODEOH�
LQ�PDUNHWV�ZKLFK�PDNH�WKH�SUHSDUDWLRQ�RI�3%6�
HDVLHU�ZKHQ�FRPSDUHG�ZLWK�/36(��%XW�� LI� WKH�
VHPHQ�LV�WR�EH�XVHG�ODWHU��GLOXWLRQ�ZLWK�/36(�LQ�
����� UDWLR�XQGHU� UHIULJHUDWLRQ�FRQGLWLRQV�FRXOG�
EH� UHFRPPHQGHG�� � )XUWKHU� VWXGLHV�DUH� WR� EH�
FRQGXFWHG�WR�GHWHUPLQH�WKH�IHUWLOLW\�RI�HJJV�E\�
DUWL¿FLDO�LQVHPLQDWLRQ��WKH�GXUDWLRQ�RI�IHUWLOLW\�DQG�
WLPH�RI�LQVHPLQDWLRQ�
5HIHUHQFHV
$XVWLQ��$�-�6�� DQG�1DWDUDMDQ��1�� ������(IIHFW�

RI�EXIIHUV�DQG�GLOXWLRQ�UDWHV�RQ�PRWLOLW\�
SHUFHQW�RI�FKLFNHQ�VSHUPDWR]RD��,QGLDQ�
-��3RXOW��6FL�������������

$[�� 5�/�� DQG� /RGJH�� -�5�� ������ 5RRVWHU�
VSHUPDWR]RDQ� PRWL O L W\� � IRUZDUG�
SURJUHVVLRQ�DQG� IHUWLOLW\�DIWHU�VWRUDJH�
DW�������RU������&�LQ�YDULRXV�H[WHQGHUV�
&U\RELRORJ\ ����������

(WFKHV��5�-��������5HSURGXFWLRQ�LQ�3RXOWU\���VW
HG�� &$%� ,QWHUQDWLRQDO��:DOOLQJIRUG��
2[RQ��8�.�����S�

.DVDL��.��DQG�,]XPR��$��������%DVLF�VWXGLHV�RQ�
DUWL¿FLDO�LQVHPLQDWLRQ�RI�GXFNV��1R�����
%XOOHWLQ� RI� WKH� 2VDND�$JULFXOWXUDO�
5HVHDUFK� &HQWHU��$))5&�� -DSDQ��
��S�

/DNH��3��(��DQG�6WHZDUW��-��0��������$UWL¿FLDO�
,QVHPLQDWLRQ� LQ� 3RXOWU\�� 1R�� ������
%XOOHWLQ� RI� 0LQLVWU\� RI�$JULFXOWXUH��
)LVKHULHV� DQG� )RRG�� +HU�0DMHVW\¶V�
6WDWLRQDU\�2I¿FH��/RQGRQ����S�

6QHGHFRU�� *�:�� DQG� &RFKUDQ��:�*�� ������
6WDWLVWLFDO�0HWKRGV�� �WK� HG��$I¿OLDWHG�
(DVW��:HVW�3UHVV��3YW��/WG��1HZ�'HOKL��
,QGLD������S�

6WXQGHQ��&��(��������6WXGLHV�RQ�UHSURGXFWLRQ�
FKDUDFWHULVWLFV�DQG�DUWL¿FLDO�LQVHPLQDWLRQ�
LQ�FDSWLYH�PDOODUG�GXFNV�0�6F�WKHVLV��
7KH�8QLYHUVLW\� RI� %ULWLVK�&ROXPELD��
���S��

:KHHOHU�� 1�&�� DQG�$QGUHZV�� )�1�� ������
7KH� LQIOXHQFH� RI� VHDVRQ� RQ� VHPHQ�
SURGXFWLRQ�LQ�WKH�GRPHVWLF�IRZO��3RXOW��
6FL��������������


