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)LUVW�DQG�IRUHPRVW��SUDLVHV�DQG�WKDQNV�WR�$OODK� WKH�$OPLJKW\��IRU�+LV�DEXQGDQFH�

RI�EOHVVLQJV�WKURXJKRXW�P\�UHVHDUFK�ZRUN�WR�FRPSOHWH�P\�UHVHDUFK�ZRUN�VXFFHVVIXOO\��
(PRWLRQV�FDQQRW�EH�DGHTXDWHO\�H[SUHVVHG�LQ�ZRUGV�EHFDXVH�WKHQ�HPRWLRQV�DUH�

WUDQVIHUUHG�LQWR�IRUPDOLWLHV�ZKLFK�KDYH�WR�EH�FRPSOHWHG��,�DP�H[WUHPHO\�JUDWHIXO�IRU�P\�
SDUHQWV�IRU�WKHLU�HQGOHVV�VXSSRUW��SUD\HUV��FDULQJ�DQG�VDFULILFHV�WKDW�WKH\�PDGH�IRU�P\�
HGXFDWLRQ��,�ZLOO�IRUHYHU�EH�JUDWHIXO�IRU�DOO�WKH�WKLQJV�WKDW�WKH\�KDYH�GRQH��,�ZRXOG�DOVR�
OLNH�WR�FRQYH\�P\�HQGOHVV�ORYH��JUDWLWXGH�DQG�VHQWLPHQWV�IRU�WKH�QHYHU�HQGLQJ�ORYH�RI�P\�
VLVWHUV��,�ZRXOG�DOVR�OLNH�WR�WDNH�D�PRPHQW�WR�WKDQN�.KDOHG 0DPD DQG 6DED 0DPL�DQG�
WKHLU�NLGV��ZKR�PDGH�PH�IHHO�DW�KRPH�DQG�NHSW�PH�LQ�FRPIRUW��ZKLOH�,�ZDV�DZD\�IURP�
KRPH�GXULQJ�P\�0DVWHUV�HGXFDWLRQ��

,�RZH�KLJK�HVWHHPHG�UHVSHFW�WR�'U��$��5��6DZDWH��$VVRFLDWH�'HDQ�DQG�3ULQFLSDO��
&ROOHJH�RI�)RRG�7HFKQRORJ\�

,�ZRXOG�OLNH�WR�H[SUHVV�P\�GHHS�DQG�VLQFHUH�JUDWLWXGH�WR�P\�UHVHDUFK�DGYLVRU��
'U��.�6��*DGKH��+HDG��'HSDUWPHQW�RI�)RRG�&KHPLVWU\�DQG�1XWULWLRQ��&ROOHJH�RI�)RRG�
7HFKQRORJ\�� 9�1�0�.�9��� 3DUEKDQL�� IRU� KLV� LQVSLULQJ� JXLGDQFH�� FRQVWDQW�
HQFRXUDJHPHQW��+H�KDV�WDXJKW�PH�WKH�PHDQV�WR�FDUU\�RXW�WKH�UHVHDUFK�DQG�WR�SUHVHQW�
WKH�UHVHDUFK�ZRUN�DV�FOHDUO\�DV�SRVVLEOH��,�DP�H[WUHPHO\�JUDWHIXO�IRU�KH�KDV�RIIHUHG�PH�

,�H[SUHVV�P\�XQHTXLYRFDO�VLQFHUH�WKDQNV�WR�'U��5�%��.VKLUVDJDU��'U��9�6� 3DZDU��
3URI��+�:��'HVKSDQGH DQG�DOVR�'U��+�0��6\HG IRU�WKHLU�YDOXDEOH�JXLGDQFH��LQVSLUDWLRQ�
DQG�FRQVWDQW�KHOS�GXULQJ�P\�FROOHJH�FDUHHU�

,�H[SUHVV�P\�GHHS�WKDQNV�WR�.DWNH�6�'� 6LU��3K�'��6FKRODU��'HSDUWPHQW�RI�)RRG�
0LFURELRORJ\� DQG� 6DIHW\�� IRU� KLV� LQVSLULQJ� DQG� VFKRODVWLF� JXLGDQFH� DQG� WLPHO\�
FRQWLQXRXV�VXJJHVWLRQV�ZKLFK�OHG�WR�WKH�VXFFHVVIXO�DUWLFXODWLRQ�RI�WKLV�SURMHFW����

,�ZRXOG�OLNH�WR�HVSHFLDOO\�PHQWLRQ�P\�IULHQGV DQG�EDWFKPDWHV��7D\EDK��5HVKPD��
%KDNWL� 3UDVKDQW�� 'HHSUDM�� $EKLMHHW�� 6QHKD� 0DOL�� +DUVKDGD�� 6XFKLWUD�� 6QHKD�
.DQFKDQ��/DOLWD�DQG�0RKLQL�DQG�DOVR�P\�VHQLRUV��8]PD�'L DQG�0DQH�6LU ZKR�KHOSHG�
PH�D�ORW�GXULQJ�WKH�ZRUN�DQG�DOO�WKRVH�ZKR�KDYH�EHHQ�IRUJRWWHQ�GXH�WR�P\�VKRUWFRPLQJV��
ZKRVH� VLOHQW� SUHVHQFH� KDV� DOZD\V� JXLGHG� P\� HIIRUWV�� ,� ZRXOG� OLNH� WR� WKDQN� DOO� QRQ�
WHDFKLQJ�VWDII�IRU�WKHLU�KHOS�GXULQJ�WKLV�VWXG\��
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1R�
��� )RUPXODWLRQ�RI�GLIIHUHQW�UDWLRV�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�PL[�� ��

��� )RUPXODWLRQ�RI�2DW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�PL[�� ��
��� 6WDQGDUGL]HG�UHFLSH�IRU�576�RDW�PLON�SRZGHU ��
��� 3K\VLFDO�SURSHUWLHV�RI�RDWV�� ��
��� 3K\VLFDO�SURSHUWLHV�RI�GDWHV�� ��
��� &KHPLFDO�FRPSRVLWLRQ�RI�RDWV�� ��
��� &KHPLFDO�FRPSRVLWLRQ�RI�GDWHV�� ��
��� 0LQHUDO�FRPSRVLWLRQ�RI�RDWV�� ��
��� 0LQHUDO�FRPSRVLWLRQ�RI�GDWHV� ��
���� <LHOG�DQDO\VLV�RI�RDW�PLON�GHSHQGLQJ�XSRQ�VRDNLQJ�GXUDWLRQ�� ��

���� 3K\VLFDO�SURSHUWLHV�RI�RDW�PLON�SRZGHU�� ��
���� &KHPLFDO�FRPSRVLWLRQ�RI�RDW�PLON�SRZGHU� ��

���� 3K\VLFDO�SURSHUWLHV�RI�GDWHV�SRZGHU� ��

���� &KHPLFDO�FRPSRVLWLRQ�RI�GDWHV�SRZGHU�� ��

���� 2UJDQROHSWLF�HYDOXDWLRQ�RI�576�3RZGHU�PL[����SRLQW�KHGRQLF�VFDOH�� ��

���� 3K\VLFDO�SURSHUWLHV�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�PL[� ��
��� &KHPLFDO�SURSHUWLHV�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�PL[� ��
���� 0LQHUDO�FRPSRVLWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�PL[��� ��
���� 0LFURELDO�DQDO\VLV�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�PL[��� ��
���� 2UJDQROHSWLF�HYDOXDWLRQ�RI�VHOHFWHG��7���PLON�SRZGHU�PL[�LQ�GLIIHUHQW�� ��

SDFNDJLQJ�PDWHULDO�
���� 7KHRUHWLFDO�HQHUJ\�YDOXH�RI�RDW�DQG�GDWHV�PLON�SRZGHU�PL[�� ��
���� 7HFKQR�HFRQRPLF�IHDVLELOLW\�RI�PLON�SRZGHU�PL[�����NJ��� ��
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2YHU� WKH� SDVW� GHFDGH�� PDMRU� UHVHDUFK� HPSKDVLV� LQ� DOO� VHFWLRQV� RI� IRRG� SURGXFW�
GHYHORSPHQW�LV�WR�DGGUHVV�WKH�FKDQJLQJ�QHHGV�RI�FRQVXPHUV�DQG�WR�PHHW�WKH�SUHVHQW�GHPDQGV�
RI�FRQVXPHUV�E\�FUHDWLQJ�QHZHU�DOWHUQDWLYHV�RI�KHDOWK�IRRGV��7KHUH�LV�JURZLQJ�DZDUHQHVV�WKDW�
WKH�GDLO\�GLHW�LV�DQ�LPSRUWDQW�GHWHUPLQDWH�IRU�D�KHDOWK\�OLIH��&RQVXPHUV�MXGJH�IRRG�SURGXFWV�QRW�
RQO\�LQ�WHUPV�RI�KRZ�WDVW\�RU�GHOLFLRXV�WKH\�DUH��EXW�DOVR�RQ�WKH�IDFW�DERXW�KRZ�QXWULWLRXV�DQG�
EHQHILFLDO�WKH\�DUH�WR�WKHLU�ERGLHV��

,QFUHDVLQJ� XUEDQL]DWLRQ�� JOREDOL]DWLRQ� DQG�PRUH� HPSKDVLV� RQ� KHDOWK\� IRRGV� DQG� GLHW�
FRQWURO�KDYH�DFFHOHUDWHG�WKHVH�GHPDQGV��2QH�VXFK�HIIRUW�LV�WKH�WUHPHQGRXV�VKLIW�LQ�FRQVXPSWLRQ�
RI�VRGDV��VRIW�GULQNV�DQG�DUWLILFLDO�IODYRUHG�GULQNV�WR�PRUH�QXWULWLRXV�IUXLW�MXLFHV��SURELRWLF�GULQNV�
DQG�PLONEDVHG�EHYHUDJHV��,Q�PRGHUQ�ZRUOG��EHYHUDJHV�DUH�QR�ORQJHU�FRQVLGHUHG�VLPSO\�WR�EH�
WKLUVW�TXHQFKLQJ�RU�HQHUJLVLQJ��FRQVXPHUV�ORRN�IRU�VRPH�VSHFLILF�IXQFWLRQDOLW\�LQ�WKHLU�GULQNV��
ZKLFK� FDQ� DGGUHVV� WR� WKHLU� FKDQJLQJ� OLIHVW\OHV� RU� WKHLU� FXUUHQW� KHDOWK� QHHG��5HFHQWO\�� WKHVH�
FKDQJHV�DQG�GHYHORSPHQWV�KDYH�OHG�WR�QHZHU�SURGXFWV�LQ�WKH�EHYHUDJH�PDUNHW��2QH�VXFK�PDMRU�
IXQFWLRQDO�UHTXLUHPHQW�LV�PLON�DOWHUQDWLYHV�WR�FDWHU�WR�WKH�SUREOHPV�RI�FRZ�PLON�DOOHUJ\��ODFWRVH�
LQWROHUDQFH��FDORULH�FRQFHUQ�DQG�SUHYDOHQFH�RI�K\SHUFKROHVWHUROHPLD� �9DOHQFLD�)ORUHV�HW�DO���
�������

7KH�GHPDQG�IRU�QRQ�GDLU\�EDVHG�PLON�LV�RQ�WKH�ULVH�GXH�WR�D�YDULHW\�RI�UHDVRQV��0RVW�
LPSRUWDQWO\�� WKH� SUHYDOHQFH� RI� ODFWRVH� LQWROHUDQFH� DQG� PLON� DOOHUJ\� LV� DPRQJVW� WKH� PDMRU�
SHUFHQWDJH�RI�SRSXODWLRQ��5DWKHH�9����������/DFWRVH�LQWROHUDQFH�LV�D�PDMRU�FRQFHUQ�PRVWO\�LQ�
WKH�ZHVWHUQ�FRXQWULHV�EXW� LV�DOVR�LQFUHDVLQJ�FRQVLGHUDEO\�LQ�,QGLD��EHVLGHV�WKH�IDFW� WKDW�PRVW�
FHOHEULWLHV�WRGD\��WHQG�WR�WKH�IROORZ�LW�DV�D�WUHQG���

,W�KDV�DOVR�EHHQ�REVHUYHG�WKDW�PLON�SURFHVVRUV�DURXQG�WKH�JOREH��IDFH�DQ�XSKLOO�VWUXJJOH��
LQFOXGLQJ�WKH�GRPLQDQFH�RI�SULYDWH�EUDQGV��JURZLQJ�FRQVXPHU�FRQFHUQV�RYHU�WKH�SUHVHQFH�RI�
JURZWK�KRUPRQHV�LQ�WKH�ORFDOO\�DYDLODEOH�PLON��IOXFWXDWLRQV�LQ�PLON�SULFHV�DQG�VXSSO\�VKRUWDJHV�
IRU�RUJDQLF�PLON��:LWK�WKLV�ORQJ�OLVW�RI�FKDOOHQJHV�DQG�FRQFHUQV��WKH�PDUNHW�KDV�KDG�RQO\�D�IHZ�



�

JURZWK�RSSRUWXQLWLHV�HYHQ�WKRXJK�FRQVXPHUV�FRQWLQXH�WR�YDOXH�PLON�IRU�LWV�QXWULWLRQDO�EHQHILWV�
�'HRUD�DQG�'HVZDO����������

3ODQW�EDVHG�PLON�DOWHUQDWLYHV�RU�µYHJDQ�PLON¶�DUH�D�ULVLQJ�WUHQG��ZKLFK�WHQG�WR�VHUYH�DV�
DQ�LQH[SHQVLYH�VXEVWLWXWH�WR�SRRU�HFRQRPLF�JURXSV�RI�GHYHORSLQJ�FRXQWULHV�DQG�LQ�SODFHV��ZKHUH�
ERYLQH�PLON�VXSSO\�LV�LQVXIILFLHQW�RU�VFDUFH��:KLOH�PDMRULW\�RI�WKHVH�PLON�DOWHUQDWLYHV�ODFN�D�
ZHOO�QXWULWLRQDO�EDODQFH�ZKHQ�FRPSDUHG� WR�ERYLQH�PLON��KHDOWK�FRQVFLRXV�FRQVXPHUV� ILQG� LW�
DWWUDFWLYH� WKDW� WKHVH� PLONV FRQWDLQ� IXQFWLRQDOO\� DFWLYH� FRPSRQHQWV� ZLWK� KHDOWK� SURPRWLQJ�
SURSHUWLHV��

3ODQW�EDVHG�PLON�DOWHUQDWLYHV�DUH�IOXLGV�WKDW�UHVXOWV�IURP�EUHDNGRZQ�RI�SODQW�PDWHULDO�
�FHUHDOV��SVHXGR�FHUHDOV��OHJXPHV�RLOVHHGV��QXWV��H[WUDFWHG�LQ�ZDWHU�DQG�IXUWKHU�KRPRJHQL]HG��
UHVXOWLQJ�LQ�SDUWLFOH�VL]H�GLVWULEXWLRQ�LQ�WKH�UDQJH�RI��±���ȝP�ZKLFK�UHVHPEOHV�FRZ¶V�PLON�LQ�
DSSHDUDQFH�DQG�FRQVLVWHQF\��$OWKRXJK��WKHUH�LV�QR�H[DFW�GHILQLWLRQ�DQG�FODVVLILFDWLRQ�RI�WKHVH�
SODQW�EDVHG� PLON� DOWHUQDWLYHV� LQ� OLWHUDWXUH�� D� JHQHUDO� FODVVLILFDWLRQ� RI� WKH� SODQW� EDVHG� PLON�
DOWHUQDWLYHV�LQWR�ILYH�FDWHJRULHV�LV�DWWHPSWHG��ZKLFK�LV�DV�IROORZV��

D� &HUHDO�EDVHG��2DW�PLON��5LFH�PLON��&RUQ�PLON��6SHOW�PLON�
E� /HJXPH�EDVHG��6R\�PLON��3HDQXW�PLON��/XSLQ�PLON��&RZSHD�PLON�
F� 1XW�EDVHG��$OPRQG�PLON��&RFRQXW�PLON��+D]HOQXW�PLON��3LVWDFKLR�PLON��:DOQXW�PLON�
G� 6HHG�EDVHG��6HVDPH�PLON��)OD[�PLON��+HPS�PLON��6XQIORZHU�PLON�
H� 3VHXGR�FHUHDO�EDVHG��4XLQRD�PLON��7HII�PLON��$PDUDQWK�PLON���

�6ZDWL�6HWKL�HW�DO���������
2ZLQJ�WR�LWV�SRWHQWLDO�WKHUDSHXWLF�EHQHILWV��RDW�PLON�LV�WKH�UHFHQW�HPHUJHQW�LQ�WKH�PDUNHW��

2DWV�KDYH�UHFHLYHG�ZLGH�LQWHUHVW�GXH�WR�WKH�SUHVHQFH�RI�GLHWDU\�ILEUHV��SK\WRFKHPLFDOV�DQG�KLJK�
QXWULWLYH� YDOXH��+HDOWK� EHQHILWV� RI� RDWV� DUH� DVVRFLDWHG�ZLWK� GLHWDU\ ILEUHV� VXFK� DV� ȕ�JOXFDQ��
IXQFWLRQDO�SURWHLQ��OLSLG�DQG�VWDUFK�FRPSRQHQWV�DQG�SK\WRFKHPLFDOV�SUHVHQW�LQ�WKH�RDW�JUDLQ�DQG�
WKDW�LV�ZK\�LW�LV�RQH�RI�WKH�SURPLVLQJ�UDZ�PDWHULDOV�IRU�SUHSDUDWLRQ�RI�IXQFWLRQDO�SODQW�EDVHG�
PLON��6ZDWL�6HWKL�HW�DO����������ȕ�JOXFDQ�LV�D�VROXEOH�ILEUH��ZKLFK�KDV�WKH�DELOLW\�WR�LQFUHDVH�WKH�
VROXWLRQ�YLVFRVLW\�DQG�FDQ�GHOD\�JDVWULF�HPSW\LQJ�WLPH��LQFUHDVHV�JDVWURLQWHVWLQDO�WUDQVLW�WLPH��
WKHUHE\�UHVXOWLQJ�LQ�D�UHGXFHG�EORRG�JOXFRVH�OHYHO��:HOFK� ��������
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,Q� WKH�PDUNHW��RDW�PLON� LV�DYDLODEOH�XQGHU�YDULRXV�EUDQG�QDPHV� OLNH�2DWO\� �6ZHGHQ���
3XUHKDUYHVW��$XVWUDOLD���$OSUR��8.���%LRDYHQD�GULQN��,WDO\���6LPSOL��)LQODQG���3DFLILF��86$��
HWF��

7KH�PLON�LV�DYDLODEOH�LQ�FRQYHQLHQW�WHWUD�SDFNV�RI�YDULRXV�VL]HV�DQG�LV�8+7�WUHDWHG��6ZDWL�
6HWKL�HW�DO����������

7KH� RDWV�� FRPPRQO\� NQRZQ� DV� $YHQD� VDWLYD� EHORQJV� WR� WKH� IDPLO\� 3RDFHDH�� DUH�
JHQHUDOO\�UHJDUGHG�DV�D�PLQRU�FHUHDO�FURS�ZKHQ�FRQVLGHUHG�LQ�WHUPV�RI�JUDLQ�SURGXFHG�DQQXDOO\��
RU�DUHDV�VRZQ�IRU�SURGXFWLRQ��:DQL�HW�DO�����������

0RVW�RI�WKH�RDW�FURS�KDV�EHHQ�XVHG�DV�DQ�DQLPDO�IHHG�WUDGLWLRQDOO\��+RZHYHU��8.�ILJXUHV�
RQ�WKH�XVDJH�RI�RDWV��VHHV�VOLJKWO\�PRUH�RI�WKH�FURS�������JRLQJ�WRZDUGV�KXPDQ�DQG�LQGXVWULDO�
XVHV��ZKLOH�����RI�WKH�IHHG�LV�QRZ�JRLQJ�WRZDUGV�DQLPDO�XVH��+*&$���������

2DW�UHTXLUHV�OHVVHU�QXWULHQWV�L�H��13.��6RGLXP��3KRVSKRURXV�DQG�3RWDVVLXP��WR�FXOWLYDWH�
WKDQ�WKDW�UHTXLUHG�IRU�ZKHDW�RU�PDL]H��2DW�JURZV�ZHOO�LQ�FRRO�DQG�PRLVW�FOLPDWH�DQG�UHTXLUHV�
PRUH�PRLVWXUH�WR�SURGXFH�D�JLYHQ�XQLW�RI�GU\�PDWWHU�WKDQ�DOO�RWKHU�FHUHDOV�H[FHSW�ULFH��)RUVEHUJ�
DQG�5HHYHV���������2DW�LV�SUHGRPLQDQWO\�JURZQ�LQ�$PHULFDQ�DQG�(XURSHDQ�FRXQWULHV��PDLQO\�
5XVVLD��&DQDGD�DQG�86$��$KPDG�HW�DO�����������

2DW�LV�NQRZQ�IRU�LWV�ZHOO�EDODQFHG�FRPSRVLWLRQ��2DW�LV�D�JRRG�VRXUFH�RI�FDUERK\GUDWHV�
DQG� KLJK�TXDOLW\�SURWHLQ�ZLWK�JRRG�DPLQR�DFLG�EDODQFH��2DW�FRQWDLQV�KLJK�SHUFHQWDJH�RI�RDW�
OLSLGV� HVSHFLDOO\�XQVDWXUDWHG� IDWW\� DFLG��PLQHUDOV�� YLWDPLQV� DQG�SK\WRFKHPLFDOV� �+HDG� HW�DO���
�������7KH�RDW�VWDUFK�FRQVWLWXWHV�DERXW������RI�WKH�RDW�JUDLQ��,W�LV�PDLQO\�D�FRQVWLWXHQW�RI�WKH�
HQGRVSHUP��2DW�LV�D�SRWHQWLDO�VRXUFH�RI�ORZ�FRVW�SURWHLQ�ZLWK�JRRG�QXWULWLRQDO�YDOXH��2DW�LV�DOVR�
D�JRRG�VRXUFH�RI�OLSLGV�L�H��DERXW�����WR��������,W�FRQWDLQV�PXFK�KLJKHU�OHYHOV�RI�OLSLGV�WKDQ�RWKHU�
FHUHDOV�ZKLFK�DUH�H[FHOOHQW�VRXUFHV�RI�HQHUJ\�DQG�XQVDWXUDWHG�IDWW\�DFLGV��7KH�OLSLGV�RI�RDWV�DUH�
PDMRUO\� FRQFHQWUDWHG� LQ� WKH� HQGRVSHUP� �5DVDQH� HW�DO��� �������7KH� LQWHUHVW� LQ�RDWV� LV�PDLQO\�
DURXVHG� GXH� WR� WKH� SUHVHQFH� RI� IXQFWLRQDOO\� DFWLYH� FRPSRQHQW�� ȕ�JOXFDQ� ZKLFK� SRVVHVVHV�
QXWUDFHXWLFDO SURSHUWLHV��2DW� ILEUHV� DUH� DOVR�NQRZQ� IRU� WKHLU� FKRORHVWHURO� UHGXFLQJ�HIIHFW� E\�
UHGXFLQJ�WRWDO�DQG�/'/�FKROHVWHURO��7UXVZHOO� ��������
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7KH�RDW� SURFHVVLQJ� LQFOXGH� D� QXPEHU� RI� VWHSV��7KH� RDWV� DUH� GHKXOOHG� DQG�JURDWV� DUH�
VXEVHTXHQWO\� VHSDUDWHG� DQG� GHFRQWDPLQDWHG�� SULRU� WR� LWV� SURFHVVLQJ� LQWR� SURGXFWV�� ,W� LV�
SHUIRUPHG� WR� JHW� JRRG� TXDOLW\� DSSHDUDQFH� DQG� WDVWH�� 7KH� RDW� PLOOLQJ� RSHUDWLRQV� LQFOXGH�
FOHDQLQJ�� JUDGLQJ��KXOOLQJ�� µKXOO�� ILQH� DQG�JURDW� VHSDUDWLRQ¶� DQG�NLOQLQJ� �=ZHU���������$IWHU�
PLOOLQJ���SHDUOLQJ�WHFKQRORJ\��ZKLFK�LV�DOVR�UHIHUUHG�WR�DV�GHEUDQQLQJ�DQG�SUH�SURFHVVLQJ��ZDV�
RULJLQDOO\� XVHG� IRU� SROLVKLQJ� RI� ULFH� DQG� ZKHDW�� 7KH� SHDUOLQJ� WHFKQRORJ\� WR� RDW� IDFLOLWDWHV�
VHSDUDWLRQ�RI�ȕ�JOXFDQ�ULFK� IUDFWLRQV� IURP�SHULFDUS��DOHXURQH�DQG�VXE�DOHXURQH� OD\HUV�RI�RDW�
�:DQJ�HW�DO����������/DWHU��RDW�JURDWV�DUH�PDLQO\�IODNHG��2DWV�IRU�IRRG�SXUSRVH�DUH�KHDW�WUHDWHG�
LQ� RUGHU� WR� GHDFWLYDWH� WKH� HQ]\PHV� UHVSRQVLEOH� IRU� FKDQJHV� LQ� RDW� OLSLGV�� RZLQJ� WR� WKH� KLJK�
DPRXQWV�RI� OLSDVHV��7KH� GHYHORSHG�FKDUDFWHULVWLF� RDW� IODYRXU� LQ� VWHDPHG�RDWV� DOVR� UHVXOWV� LQ�
GHDFWLYDWLRQ�RI�HQ]\PHV�LQFOXGLQJ�OLSDVHV��,Q�D�VWXG\��IODNLQJ�RI�LQWDFW�RDW�JURDW�SURGXFHG�UROOHG�
RDWV�RI����±����PP�WKLFNQHVV��'HDQH�DQG�&RPPHUV���������

7KH�GDWH��3KRHQL[�GDFW\OLIHUD�/����LV�D�KLJK�HQHUJ\�IUXLW��DQG�LV�UHJDUGHG�DV�D�SRSXODU�
IRRG�IRU�WKRXVDQGV�RI�\HDUV�LQ�(J\SW��WKH�$UDELDQ�*XOI�SHQLQVXOD�DQG�LWV�QHLJKERULQJ�UHJLRQ�
�6RKDLP\�DQG�+DIH]���������3DOP�GDWH�LV�DQ�LPSRUWDQW�IUXLW�DQG�LW�LV�RQH�RI�WKH�ROGHVW�IUXLW�WUHHV�
WR�EH�NQRZQ�LQ�WKH�ZRUOG��0DU]RXN�DQG�.DVVHP���������'DWHV DUH�UHOLJLRXVO\�LPSRUWDQW�IRU�
0XVOLPV�WKURXJKRXW�WKH�ZRUOG��$O�6KDKLE�DQG�0DUVKDOO���������

7KH�GDWH�IUXLW�LV�FRPSRVHG�RI�D�VHHG�DQG�IOHVK\�SHULFDUS�FRQVWLWXWLQJ�EHWZHHQ��������
RI� WKH� GDWH� IUXLW� ZHLJKW� �+XVVHLQ� DQG�$OKDGUDPL�� ������� 7KH� LPSRUWDQW� TXDOLW\� FULWHULD� IRU�
FRQVXPHUV�LQ�WKH�VHOHFWLRQ�RI�GDWHV�LV�WKH�DSSHDUDQFH�LQFOXGLQJ�FRORU��VL]H�DQG�VKDSH��SK\VLFDO�
SDUDPHWHUV�DQG�DEVHQFH�RI�GHIHFWV��PRXWK�IHHO�RU�WH[WXUH��IODYRU��DQG�QXWULWLRQDO�YDOXH��:LOOV�
HW�DO����������'DWHV�DUH�FRQVXPHG�LQ�D�YDULHW\�RI�ZD\V��7KH\�DUH�PDLQO\�FRQVXPHG�DV� IUHVK�
����������RU�LQ�WKH�GULHG�IRUP�����������DW�5XWDE��VHPLULSH��DQG�7DPDU��IXOO\�ULSH��VWDJHV�
ZLWK�OLWWOH�RU�QR�SURFHVVLQJ��$O+RRWL�HW�DO����������

7KH�$UDELDQ� 3HQLQVXOD� SURGXFHV� DERXW� ���� RI� WKH�ZRUOG¶V� GDWH� SURGXFWLRQ�ZLWK� DQ�
HVWLPDWHG�DUHD�RI�����RI�JOREDO�ZRUOG�DFUHDJH�RFFXSLHG�E\�GDWH�SDOP��+RZHYHU��GXH�WR�WKH�
LQIHULRU�TXDOLW\��GDPDJH��DQG�XQGHUVL]HG�IUXLW�RI�XQDWWUDFWLYH�DSSHDUDQFH��D�VLJQLILFDQW�SRUWLRQ�
RI�GDWHV�LV�ZDVWHG�LQ�GDWH�SURGXFLQJ�FRXQWULHV��ORVV�LV�DERXW�����RI�WRWDO�SURGXFWLRQ�LQ�7XQLVLD��
�%HVEHV�HW�DO���������
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'DWHV�DUH�D�ULFK�VRXUFH�RI�VXJDU��SURWHLQ��GLHWDU\�ILEHU��PLQHUDOV�DQG�VRPH�YLWDPLQV��$�KLJK�
SHUFHQWDJH�RI�VXJDU�LQ� WKH�GDWH�IUXLW�SURYLGHV�D�JRRG�VRXUFH�RI�UDSLG�HQHUJ\��$O�6KDKLE�DQG�
0DUVKDOO���������,Q�WKH�UHFHQW�VWXGLHV�LW�KDV�EHHQ�LQGLFDWHG�WKDW�GDWH�IUXLW�FRQWDLQV�VLJQLILFDQW�
DPRXQW� RI� IODYRQRLG� JO\FRVLGHV�ZKLFK� LQFOXGH� TXHUFHWLQ�� DSLJHQLQ�� S�FRXPDULF� DFLG�� IHUXOLF�
DFLG��DQG�VLQDSLF�DFLGV��+RQJ�HW�DO��������$EGHOKDN�HW�DO��������%LJODUL�HW�DO���������7KH�PRVW�
LPSRUWDQW�FRPSRQHQWV�RI�GDWHV�DUH�WKH�FDUERK\GUDWHV�PDLQO\�VXJDUV��ZKLFK�FDQ�FRQVWLWXWH�XS�WR�
�����0DNNL�HW�DO����������

'DWHV�FRQWDLQ�KLJK�OHYHOV�RI�SURWHLQ�FRPSDUHG�WR�PRVW�RI�WKH�RWKHU�IUXLWV��$O�+RRWL�HW�DO��
�������7KH�DPLQR�DFLG�DQDO\VLV�RI�GDWHV�UHYHDOHG�WKDW�LW�FRQWDLQHG�DOO�WKH�HVVHQWLDO�DPLQR�DFLGV��
'DWH�SURWHLQV�DUH�IRXQG�WR�EH�ULFK�LQ�DFLGLF�DPLQR�DFLGV�DQG�SRRU�LQ�VXOIXU�FRQWDLQLQJ�DPLQR�
DFLGV�VXFK�DV�PHWKLRQLQH�DQG�F\VWHLQH��7KH�DPLQR�DFLG�FRQWHQW�YDULHV�VLJQLILFDQWO\�ZLWKLQ�WKH�
VDPH�VWDJH�RI�PDWXUDWLRQ��7KH�ZDWHU�UHGXFWLRQ�LQFUHDVHV�WKH�DPLQR�DFLGV�FRQWHQW�LQ�WKH�GULHG�
YDULWLHV��$XGD�HW�DO����������

)LEHU�RU�GLHWDU\�ILEHU��')��LV�WKH�VROLG�LQVROXEOH�SDUW�RI�WKH�GDWH�IOHVK��ZKLFK�LV�PDLQO\�
FRPSRVHG� RI� FHOOXORVH�� KHPLFHOOXORVH�� OLJQLQ�� DQG� LQVROXEOH� SURWHLQV�� ,Q� DGGLWLRQ�� RWKHU�
QRQFDUERK\GUDWH�FRPSRQHQWV�OLNH�SRO\SKHQROV��ZD[HV��VDSRQLQV��FXWLQ��SK\WDWHV��DQG�UHVLVWDQW�
SURWHLQ�DUH�DOVR�DVVRFLDWHG�ZLWK�LW��7KH�ILEHU�FRQWHQW�RI�WKH�GDWH�IUXLW�LV�YHU\�KLJK�LQ�WKH�HDUO\�
VWDJHV��+RZHYHU��ZKHQ�WKH�IUXLW�ULSHQV��LQVROXEOH�SRO\PHUV�DUH�EURNHQ�GRZQ�E\�FHOOXODVH�DQG�
SHFWLQDVH�HQ]\PHV�SUHVHQW�LQ�WKH�IUXLW�WR�VPDOOHU�VROXEOH�PROHFXOHV��6KDILHL�HW�DO����������

7KH�SXOS�RI�WKH�GDWH�FRQWDLQV�YLWDPLQV�VXFK�DV�ULERIODYLQ��WKLDPLQH��ELRWLQ��IROLF�DFLG��
DQG�DVFRUELF�DFLG�WKDW�DUH�HVVHQWLDO�IRU�WKH�ERG\��'DWHV�DUH�DOVR�ULFK�LQ�%�FRPSOH[�YLWDPLQV��OLNH�
WKLDPLQH��%����ULERIODYLQ��%����QLDFLQ��%����SDQWRWKHQLF�DFLG��%����S\ULGR[LQH��%����DQG�IRODWH�
�%���DQG�YLWDPLQ�.��$O�)DUVL�DQG�/HH���������'DWHV�FRQWDLQ�HVVHQWLDO�PLQHUDOV���

'DWH�KDV�EHHQ�FRQVLGHUHG�DV�D�ULFK VRXUFH�RI�DQWLR[LGDQWV��$QWLR[LGDQWV�LQKLELW�R[LGDWLYH�
PHFKDQLVPV�WKDW� OHDG�WR�GR�JHQHUDWLYH�GLVHDVHV�VXFK�DV�KHDUW�GLVHDVH��EUDLQ�G\VIXQFWLRQ�DQG�
DUWKULWLV� �3ULRU�HW�DO����������$QWLWXPRU�DFWLYLW\��DQWLPXWDJHQLF�SURSHUWLHV��DQG�FDQ� ORZHU� WKH�
UDWH�RI�FDQFHUV��HVSHFLDOO\�SDQFUHDWLF�FDQFHU�DQG�DFWLYDWH�LPPXQH�V\VWHP�DQG�UHJXODWH�WKH�UROH�
RI�DQWLELRWLFV�LV�DWWULEXWHG�WR�GDWHV���,VKXUG�DQG�.HQQHG\��������0DQVRXUL�HW�DO���������9D\DOLO��
�������
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7KH�PDQ\�PHGLFLQDO�EHQHILWV�RI�GDWHV�KDYH�EHHQ�YDOXHG�DQG�VWXGLHG�IRU�PDQ\�GHFDGHV��
,Q�DGGLWLRQ�WR�LWV�EHQHILWV�DV�DQ�LGHDO�KLJK�HQHUJ\�IRRG��LQ�WKH�OLWHUDWXUH��WKH�GDWHV�DUH�EHOLHYHG�
WR� KDYH�PDQ\�PHGLFLQDO� SURSHUWLHV� VXFK� DV� WR� SURYLGH� VWUHQJWK�� ILWQHVV�� DQG� UHOLHI� DJDLQVW� D�
QXPEHU� RI� DLOPHQWV� DQG� SDLQV� LQFOXGLQJ� IHYHU�� VWRPDFK� GLVRUGHUV�� PHPRU\� GLVWXUEDQFHV��
QHUYRXV�GLVRUGHUV��DV�ZHOO�DV�DQ�DSKURGLVLDF�DQG�WR�ERRVW�WKH�LPPXQLW\��'DWHV�DUH�DOVR�XVHG�IRU�
WKH�WUHDWPHQW�RI�DEGRPLQDO�WURXEOHV�EHFDXVH�RI�WKHLU�KLJK�SKHQROLF�FRQWHQWV�ZKLFK�DFWV�DV�DQ��
DVWULQJHQW�LQ�LQWHVWLQDO�WURXEOHV��'DWH�SURGXFWV�LQ�WKH�IRUP�RI�LQIXVLRQ��GHFRFWLRQ��V\UXS��RU�SDVWH�
DUH� DGPLQLVWHUHG� DV� D� WUHDWPHQW� IRU� VRUH� WKURDW� DQG� FROGV� GXH� WR� WKH� DQWLR[LGDQW� DQG� DQWL�
LQIODPPDWRU\�SURSHUWLHV�RI�WKH�GDWH�IUXLW��'DWHV�DUH�DOVR�XVHG�DV�D�UHQDO�UHVWRUDWLYH�DQG�WKHLU�
UHJXODU� FRQVXPSWLRQ�FDQ�SUHYHQW� WKH� IRUPDWLRQ�RI� UHQDO� FDOFXOL� GXH� WR� LWV�GLXUHWLF� DQG� DQWL�
LQIODPPDWRU\�DFWLRQV��7KH�PRVW�FRPPRQ�PHGLFLQDO�XVH�RI�GDWHV�DQG�LWV�SURGXFWV�LV�DV�D�WRQLF��
HVSHFLDOO\�IRU�ZRPHQ�ZKR�DUH�FORVH�WR�GHOLYHU\�DQG�DW�SRVWSDUWXP�VWDJH�ZKLFK�FDQ�DFW�DV�D�WRQLF�
WR�VWUHQJWKHQ�WKH�XWHULQH�PXVFOHV��7KH\�QRW�RQO\�KHOS�LQ�DFWLYDWLQJ�WKH�GHOLYHU\�SURFHVV�EXW�DOVR�
SUHYHQW�WKH�SRVW�GHOLYHU\�EOHHGLQJ�GXH�WR�WKH�SUHVHQFH�RI�VRPH�FRQVWULFWLQJ�VXEVWDQFHV��$PDQDW�
$OL�HW�DO����������

7KLV�VWXG\�LV�DLPHG�WR�GHYHORS�DQ�LQVWDQW�576�PL[�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV��
7KH�DLP�LV�WR�LQFUHDVH�LWV�QXWULWLRQDO�YDOXH�DQG�DFFHSWDELOLW\�XQGHU�WKH�IROORZLQJ�REMHFWLYHV������

2%-(&7,9(6�
�� 7R�VWXG\�WKH�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV��
�� 7R�FDUU\�RXW�VWDQGDUGL]DWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�WKH�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�DV�

ZHOO�DV�WKH�GHYHORSHG RDW�PLON
�� 7R�HYDOXDWH�WKH�RUJDQROHSWLF�FKDUDFWHULVWLFV�RI�WKH�GHYHORSHG RDW PLON SRZGHU�IRUWLILHG�ZLWK�

GDWHV
�� 7R�VWXG\�WKH�VKHOI�OLIH�DQG�SDFNDJLQJ�UHTXLUHPHQWV�RI�WKH�GHYHORSHG RDW PLON SRZGHU�IRUWLILHG�

ZLWK�GDWHV
�� 7R�DFFHVV�WKH�WHFKQR�HFRQRPLFDO�IHDVLELOLW\�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�
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,Q� UHFHQW� \HDUV�� GHPDQG� IRU� RDW� EDVHG� SURGXFWV� KDV� EHHQ� LQFUHDVHG� GXH� WR� UDSLGO\�

LQFUHDVLQJ�NQRZOHGJH�DERXW�WKH�PDQ\�KHDOWK�EHQHILWV�RI�RDWV��,QFUHDVHG�FRQVXPHU�DZDUHQHVV�
WRZDUGV� KHDOWK� KDV� JUHDWO\� HPSKDVL]HG� RQ� WKH� LQWDNH� RI� KLJK� ILEUH� GLHWV�� $� FRPSUHKHQVLYH�
UHYLHZ� ZDV� FRQGXFWHG� WR� JDWKHU� LQIRUPDWLRQ� DERXW� WKH� GHYHORSPHQW� RI� WHFKQRORJ\� IRU�
SURGXFWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV͘�

3UHYLRXV�UHVHDUFKHV�FRQGXFWHG�RQ�RDW�PLON�VKRZFDVHG�WKH�GHYHORSPHQW�RI�OLTXLG�RDW�PLON�
SURGXFHG�IURP�RDW�VOXUU\�E\�HQ]\PDWLF�WUHDWPHQW�RQ�WKH�RDW�VWDUFK��7KH�GHYHORSHG RDW�PLON�ZDV�
SDVWHXULVHG�DQG�SDFNHG� LQ�DVHSWLF�SDFNDJHV� OLNH� WHWUD�SDFNV�ZKLFK�PD\�EHFRPH�D� VRXUFH�RI�
REVWDFOH� IRU� VPDOO� VFDOH� LQGXVWULHV�� 0RUHRYHU�� GHVSLWH� RI� LWV� KHDWK� EHQHILWV�� RDW� PLON� ODFNV�
FDOFLXP�ZKLFK�LV�DQ�HVVHQWLDO�QXWULHQW�IRU�WKH�JURZWK�DQG�GHYHORSPHQW�WKHUHIRUH��LW�QHHGV�WR�EH�
IRUWLILHG��

,Q� WKH� SUHVHQW� UHVHDUFK�� SURMHFW� ZRUN� LV� IRFXVHG� RQ� WKH� GHYHORSPHQW� RI� FRPSOHWH�
VWDQGDUGL]HG�PHWKRG�IRU�SUHSDUDWLRQ�RI�DQ�RDW�EDVHG�PLON�SRZGHU�IRUPXOD�ZKLFK�LV�IRUWLILHG�
ZLWK�GDWHV�WR�PDNH�DQ�LQVWDQW�PL[��

)RU� DFFRPSOLVKPHQW�� HIIRUWV� KDYH� EHHQ� WDNHQ� LQ� WKLV� GLUHFWLRQ� OLNH� LGHQWLILFDWLRQ� RI�
YDULHWLHV�RI�GDWHV��VWDQGDUGL]DWLRQ�RI�SURGXFWLRQ�SURFHVV��SK\VLFRFKHPLFDO�DQG�PLFURELRORJLFDO�
FKDUDFWHULVWLFV�RI�ILQDO�SURGXFW�HWF��7KLV�FKDSWHU�GHDOV�ZLWK�FRPSUHKHQVLYH�UHYLHZ�RI�OLWHUDWXUH�
UHOHYDQW�WR�VWXG\��$�UHYLHZ�RI�OLWHUDWXUH�LV�DQ�HVVHQWLDO�SDUW�RI�DQ\�VFLHQWLILF�LQYHVWLJDWLRQ�ZLWK�
WKH�VROH�SXUSRVH�WR�GHWHUPLQH�WKH�SUHYLRXV�ZRUN�GRQH�DQG�WR�DVVLVW� LQ� WKH�GHVFULSWLRQ�RI� WKH�
REMHFWLYHV�RI�K\SRWKHVLV�DQG�UHVHDUFK�SURFHGXUHV�WR�EH�IROORZHG��7KH�ZRUN�GRQH�RQ�WKLV�WRSLF�
HOVHZKHUH�LQ�VFLHQWLILF�OLWHUDWXUH�LV�UHYLHZHG�KHUH���

�� 3K\VLFRFKHPLFDO�SURSHUWLHV�RI�RDWV�
�� 3K\VLFRFKHPLFDO�SURSHUWLHV�RI�GDWHV�
�� 6WDQGDUGL]HG�SURFHVV�WHFKQRORJ\�IRU�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV
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�� 2UJDQROHSWLF�FKDUDFWHUL]DWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV���
�� +HDOWK�EHQHILWV�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�
�� 6KHOI�OLIH�VWXG\�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�
�� 0LFURELDO�DQDO\VLV�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�
�� 3DFNDJLQJ�UHTXLUHPHQWV�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV

����3K\VLFRFKHPLFDO�SURSHUWLHV�RI�RDWV�

7KH� VROXEOH� ILEUH� RI� RDWV�� DV� UHSRUWHG� E\� $QGHUVRQ� ������� WR� UHGXFH� KLJK� EORRG�
FKROHVWHURO� OHYHOV�� WULJO\FHULGH��DQG�JOXFRVH�OHYHOV��2DWV�DOVR�JRRG�VRXUFHV�RI LQVROXEOH�ILEUH�
IXQFWLRQV�DV�D�ZDWHU�KROGLQJ�FDSDFLW\�DJHQW�DQG�FDQ�UHGXFH�LQWHVWLQDO�WUDQVLW�WLPH�ZKHQ�SUHVHQW�
LQ�DGHTXDWH�DPRXQWV��

2DW�KDV�D�ZHOO�EDODQFHG�QXWULWLRQDO�FRPSRVLWLRQ��+RRYHU�DQG�9DVDQWKDQ��������FDUULHG�
RXW�D�FRPSDUDWLYH�VWXG\�RQ� WKH�FKDUDFWHULVWLFV�RI�RDW�VWDUFKHV�ZLWK�RWKHU�FHUHDO�VWDUFKHV�DQG�
UHSRUWHG�WKDW�WKH�RDW�VWDUFKHV�VKRZHG�KLJKHU�VZHOOLQJ�IDFWRU��GHFUHDVHG�OHDFKLQJ�RI�DP\ORVH��
KLJKHU� SHDN� YLVFRVLW\� DQG� VHW� EDFN�� ORZ� JHO� ULJLGLW\�� JUHDWHU� DFLG� K\GURO\VLV� VXVFHSWLELOLW\��
JUHDWHU�Į�DP\ODVH�DFWLRQ�UHVLVWDQFH�DQG�KLJK�IUHH�WKDZ�VWDELOLW\��

.DUSSLQHQ HW�DO����������VWXGLHG�WKDW DUDELQR[\ODQV�DQG�ȕ�JOXFDQV�DUH�WKH�PRVW�LPSRUWDQW�
FHUHDO�SRO\VDFFKDULGHV�ZKLFK�DUH�SDUWLDOO\�ZDWHU�VROXEOH�DQG�KDYH�DQ�HIIHFW�RQ�YDULRXV� IRRG�
SUHSDUDWLRQV��7KHVH�SRO\VDFFKDULGHV�DUH�NQRZQ�WR�UHGXFH�V\PSWRPV�RI�GLVHDVHV�OLNH�GLDEHWHV��
DWKHURVFOHURVLV�DQG�FRORQ�FDQFHU��

6NHQGL�HW�DO����������UHSRUWHG�WKDW�RDWV�DUH�DQ�H[FHOOHQW�VRXUFH�RI�GLIIHUHQW�GLHWDU\�ILEUH�
FRPSRQHQWV�RI�PL[HG�OLQNDJH���ĺ������ĺ���ȕ�'�JOXFDQ��DUDELQR[\ODQV�DQG�FHOOXORVH�DQG�WKH�
QHXWUDO�FHOO�ZDOO�RI�ȕ�JOXFDQ�KDV�JUHDW�IXQFWLRQDO�DQG�QXWULWLRQDO�SURSHUWLHV��

)XOYLD� HW�DO��� ������� GHWHUPLQHG� WKH� FKHPLFDO� FRPSRVLWLRQ� RI� VRPH� RDW� VDPSOHV� DQG�
FRQFOXGHG�WKDW�RDW�FRQWDLQ�PRLVWXUH�DERXW���������������D�SURWHLQ�FRQWHQW�RI���������������
DVK�FRQWHQW�RI�DERXW�������������FUXGH�ILEHU�������������WRWDO�IDW�UDQJHV�IURP������������DQG�
WRWDO�FDUERK\GUDWHV�IURP���������������



�

$FFRUGLQJ�WR�2YDQGR�0DUWLQH]�HW�DO�����������RQ�WKH�EDVLV�RI�GLJHVWLRQ�UDWH�RDW�VWDUFK�
KDV�EHHQ�FODVVLILHG�LQWR�WKUHH�IUDFWLRQV��L�H��UDSLGO\�GLJHVWLEOH�VWDUFK��5'6���VORZO\�GLJHVWLEOH�
VWDUFK��6'6��DQG�UHVLVWDQW�VWDUFK��56��ZKHUH�WKH�VORZ�UDWH�VWDUFK�GLJHVWLELOLW\�LV�LPSRUWDQW�IRU�
KXPDQ�KHDOWK�WR�PDLQWDLQ�EDODQFHG�EORRG�JOXFRVH�OHYHOV��$FFRUGLQJ�WR�WKLV�VWXG\��RDWV�FRQWDLQ�
DSSUR[LPDWHO\����5'6������6'6�DQG�����56�RI�WKH�WRWDO�VWDUFK��

$FFRUGLQJ�WR�WKH�ZRUN�FDUULHG�RXW�E\�%UXQDYD HW�DO�����������7KH�ȕ�JOXFDQV�FRQWHQW�RI�
RDW�JUDLQ�VDPSOHV�UDQJHG�IURP����J��WR����J�SHU�����JUDPV�RI�RDW�JUDLQV��

5DVDQH�HW�DO����������UHSRUWHG�WKDW�RDW�FRQWDLQV�����VWDUFK���������WRWDO�SURWHLQ�������
OLSLGV������������GLHWDU\�ILEUH�DQG��������FDOFLXP��7KH�VWXG\�IXUWKHU�VWDWHV�WKDW�RDW�LV�FRQVLGHUHG�
WR�EH�D�SRWHQWLDO�VRXUFH�RI�ORZ�FRVW�SURWHLQ�ZLWK�JRRG�QXWULWLRQDO�YDOXH��7KH�VWXG\�DOVR�VKRZHG�
WKDW�RDW�FRQWDLQV� VPDOOHU�TXDQWLWLHV�RI�SURODPLQV������� LQ� UHODWLRQ� WR� WKH�KLJKHU� DPRXQWV�RI�
JOREXOLQV�������RI�WKH�WRWDO�RDW�SURWHLQ��

$FFRUGLQJ�WR�9LWD�6WHUQD�HW�DO�����������RDW�LV�ZHOO�NQRZQ�DV�D�KHDOWK\�IRRG�FRQWDLQLQJ�
VLJQLILFDQW�DPRXQWV�RI�VROXEOH�GLHWDU\�ILEUH��ȕ�JOXFDQV��YLWDPLQ�(�DQG�38)$V�LQ�WKH�ZRUOG��7KH�
DLP�RI�KHU� VWXG\�ZDV� WR� FKDUDFWHULVH� WKH�ELRFKHPLFDO� FRPSRVLWLRQ�RI�KXVNHG�DQG�QDNHG�RDW�
YDULHWLHV��7KH�FRQWHQW�RI�SURWHLQ��IDW��YLWDPLQ�(�DQG�DOVR�WKH�FRPSRVLWLRQ�RI�DPLQR�DFLGV��IDWW\�
DFLGV�DQG�GLHWDU\�ILEUH�ZHUH�GHWHUPLQHG��7KH�REWDLQHG�UHVXOWV�VKRZHG�D�ZLGH�UDQJH�RI�IDW�FRQWHQW�
DPRQJ�YDULHWLHV��ZKLFK YDULHG� IURP����� WR�����J� �SHU�����JUDPV��ZKHUHDV� WKH�Į�WRFRSKHURO�
FRQWHQW�LQ�RDW�JUDLQ�ZDV�IRXQG�WR�EH��������PJ�NJ��WKH�VXP�RI�HVVHQWLDO�DPLQR�DFLGV�ZDV����
��J�NJ��DQG�XQVDWXUDWHG�IDWW\�DFLGV�ZDV�HVWLPDWHG�WR�EH����������RI�WRWDO�IDWW\�DFLGV�FRQWHQW��

6RODQNL�HW�DO����������FRQGXFWHG�WKH�SK\VLFDO�DQDO\VLV�RI�RDW�JUDLQ�VDPSOHV�DQG�IRXQG�
RXW�WKDW�ZLWK�LQFUHDVH�RI�PRLVWXUH�FRQWHQW��WKH�DYHUDJH��OHQJWK�IURP��������WR��������PP��ZLGWK�
�������WR��������PP��WKLFNQHVV��������WR��������PP��YROXPH�IURP��������WR���������PP�

DQG�JHRPHWULF�PHDQ��GLDPHWHU�IURP������WR��������PP�RI��RDW�JUDLQV�LQFUHDVHG�VLJQLILFDQWO\��

����3K\VLFRFKHPLFDO�SURSHUWLHV�RI�GDWHV�

$FFRUGLQJ�WR�6SLOOHU���������LQ�WKH�+DQGERRN�RI�'LHWDU\�)LEHU�LQ�+XPDQ�1XWULWLRQ�WKH�
GLHWDU\�ILEUH�RI�GDWHV�ZDV�UHSRUWHG�DV�EHLQJ������������LQVROXEOH�EUDQ�DQG������VROXEOH�ILEHU����



��

$O�+RRWL�HW�DO����������LQYHVWLJDWHG�WKDW�GDWHV�FRQWDLQ�KLJK�OHYHOV�RI�SURWHLQ�FRPSDUHG�
WR�PRVW�RWKHU�IUXLWV�ZKHUH�WKH�KLJKHVW�FRQWHQW�LV�REVHUYHG�GXULQJ�.LPUL�SKDVH�������������ZKLFK�
JUDGXDOO\�GHFUHDVHV�WR��������GXULQJ�WKH�7DPDU�VWDJH�RU�IXOO\�ULSHQHG�VDWJH��$FFRUGLQJ�WR�WKH�
VWXG\��WKH�IOHVK�RI��GDWH�DOVR�FRQWDLQV����������RLO��

$V�SHU�WKH�86'$�1DWLRQDO�QXWULHQW�GDWDEDVH���������D����J�RI�GDWHV�FRQWDLQ�RQ�DYHUDJH�
RI�����J�VHOHQLXP������J�FRSSHU������PJ�SRWDVVLXP��DQG����PJ�PDJQHVLXP�LQ�FRPSDULVRQ�ZLWK�
RWKHU�GULHG�IUXLWV��

(O�6RKDLPL�HW�DO����������UHSRUWHG�WKDW�PDWXUHG�IUXLWV RI�GDWHV�FRQWDLQ�D�ORZ�PRLVWXUH�
SHUFHQWDJH�UDQJLQJ�IURP����WR�����DQG�KLJK�SHUFHQWDJH�RI�VXJDU����WR�����ZKHUH�VXFURVH�LV�
WKH�PDMRU�FRPSRQHQW��

$VODP�HW�DO����������FDUULHG�RXW�TXDQWLWDWLYH�DQDO\VLV�RI�ZDWHU�VROXEOH�YLWDPLQV��%���%���
%���%���%���%���%��� ZKLFK�VKRZHG�D�VLJQLILFDQW�YDULDWLRQ�ZLWKLQ�WKH�GLIIHUHQW�FXOWLYDUV�DQG�
WKH�GHYHORSLQJ�VWDJHV�RI�GDWH�IUXLW��9LWDPLQV�%���%���%���%��ZHUH�REVHUYHG�WR�EH�WKH�KLJKHVW�LQ�
PDWXUH�VWDJHV��ZKHUHDV�WKH�YLWDPLQV�%���%���%���ZHUH�GHWHFWHG�LQ�LPPDWXUH�IUXLW���

7KH�FKHPLFDO�FRPSRVLWLRQ�RI�WKUHH�GDWH�SDOP�YDULWLHV��6DOPD��0DJG\�DQG�.KDODV��ZHUH�
GHWHUPLQHG�E\�$KPHG�HW�DO��� ��������7KH�REWDLQHG�UHVXOWV�VKRZHG�� WKDW� WKH�PRLVWXUH�FRQWHQW�
UDQJHG� EHWZHHQ� ������������ 7KH� SURWHLQ� FRQWHQW�� DVK� FRQWHQW�� UHGXFLQJ� VXJDUV� DQG� QRQ�
UHGXFLQJ�VXJDUV�FRQWHQW�RI�GDWHV�UDQJHG�EHWZHHQ�����������������������������������DQG�������
��������UHVSHFWLYHO\��

0DKDZDU� HW�DO��� �������� GHWHUPLQHG� WKH� SK\VLFDO� SURSHUWLHV� RI� WZR� GDWH� YDULWLHV��
.KDGUDZ\�DQG�0HGMRRO��7KH�WKUHH�SULQFLSDO�GLPHQVLRQV�L�H��OHQJWK��ZLGWK�DQG�WKLFNQHVV�RI�GDWH�
SDOP�IUXLWV�RI�ERWK�.KDGUDZ\�DQG�0HGMRRO�ZHUH�GHWHUPLQHG�WR�EH�����������PP�������������
PP�������������PP��DQG������������PP�������������PP�������������UHVSHFWLYHO\��)XUWKHU��
WKH�EXON�GHQVLW\�RI�0HGMRRO�ZDV�����������J�FP� ZKLFK�ZDV�VOLJKWO\�KLJKHU�WKDQ�RI� WKDW�RI�
.KDGUDZ\�L�H�������������J�FP���7UXH�GHQVLW\�RI�.KDGUDZ\�ZDV�DERXW������������J�FP� ZKLOH�
WKDW�RI�0HGMRRO�ZDV�����������J�FP���7KH�SRURVLW\�YDOXHV�RI�GDWH�SDOP�IUXLWV�GHFUHDVHG�IURP�
����������WR������������ZLWK�.KDGUDZ\�DQG�0HGMRRO�GDWH�SDOP��UHVSHFWLYHO\��
��� 6WDQGDUGL]HG�SURFHVV�WHFKQRORJ\�IRU�PLON�SRZGHU

0RKG��$+���������FDUULHG�RXW�WKH�SURGXFWLRQ�RI�FRFRQXW�PLON�SRZGHU��$FFRUGLQJ�WR�WKH�
VWXG\��WKH�SURGXFWLRQ�RI�FRFRQXW�PLON�SRZGHU�FDQ�EH�FDUULHG�RXW�GHVSLWH�WKH�KLJK�IDW�FRQWHQW�RI�



��

FRFRQXW�PLON��7KH�VSUD\�GU\LQJ�SURFHVV�ZDV�FDUULHG�RXW�ZLWK�WKH�LQOHW�WHPSHUDWXUH�RI�����&�DQG�
RXWOHW� WHPSHUDWXUH� RI� ���&� ZLWK� WKH� DGGLWLRQ� RI� DGGLWLYHV� OLNH� VNLP� PLON� SRZGHU� DQG�
PDOWRGH[WULQ�DQG�FDQ�EH�UHFRQVWLWXWHG�HDVLO\�ZLWK�ZDWHU���

,QJOHWW�*)���������VWDWHG�WKDW�D�86�SDWHQW�KDV�GLVFORVHG�WKH�SUHSDUDWLRQ�RI�ZDWHU�VROXEOH�
RDW GLHWDU\�ILEHU�FRPSRVLWLRQV�E\�WUHDWLQJ�JURXQG�RDW�SURGXFWV�ZLWK�Į�DP\ODVHV�ZKLFK�VHUYHV�WR�
WKLQ�WKH�RDW�VWDUFK��7KH�SURGXFHG�OLTXLG�GLHWDU\�ILEHU�FRPSRVLWLRQV�DUH�XVHG�DV�DGGLWLYHV�LQ�IRRG�
SURGXFWV��VXFK�DV�IDW�VXEVWLWXWHV���

$KOGHQ�,�HW�DO�����������FDUULHG�RXW�DQ�HQ]\PDWLF�SURFHVV��ZKHUHLQ�ZKROH�RDW�JURDWV�DUH�
FRQYHUWHG�LQWR�OLTXLG�PLON�OLNH�SURGXFW�LQYROYLQJ�D�QXPEHU�RI�VWHSV�OLNH�IODNLQJ��ZHW�PLOOLQJ��
DP\ODVH�K\GURO\VLV��GHFDQWLQJ��IRUPXODWLRQ��8+7�WUHDWPHQW�DQG�DVHSWLF�SDFNDJLQJ��

$FFRUGLQJ� WR� $KOGHQ� ,� HW�DO��� DQRWKHU� 86� SDWHQW� �1R�� ����������� UHYHDOHG� D�
KRPRJHQHRXV� DQG� VWDEOH� FHUHDO� VXVSHQVLRQ� LV� D� PLON\� SURGXFW�� ZKLFK� FDQ� EH� XVHG� DV� DQ�
DOWHUQDWLYH�WR�PLON��HVSHFLDOO\�IRU�ODFWRVH�LQWROHUDQW�SHRSOH��KDYLQJ�WKH�WDVWH�DQG�DURPD�RI�WKDW�
RI�QDWXUDO�RDWV��

$DVWKD�'HVZDO�HW�DO��� �������FRQGXFWHG�H[SHULPHQWV� LQ�ZKLFK�SURFHVVLQJ�RI�RDW�PLON�
ZDV�PDGH�E\�UROOHG�RDWV�ZKLFK�ZHUH�JURXQG�LQWR�D�ODERUDWRU\�IRRG�SURFHVVRU�WR�SURGXFH�ILQHO\�
JUDQXODWHG�RDW�IORXU�DQG�DQ�RDW�VOXUU\�ZDV�IRUPHG�XVLQJ�ZDWHU��&DOFLXP�FKORULGH�ZDV�DGGHG�DV�
D�FDWDO\VW�IRU�WKH�HQ]\PH�DW�D�FRQFHQWUDWLRQ�RI���������Z�Z���7KH�VDPSOHV�ZHUH�WUHDWHG�ZLWK�
GLIIHUHQW� HQ]\PH� FRQFHQWUDWLRQ� DQG� OLTXHIDFWLRQ� WLPH� IRU� RSWLPL]DWLRQ� RI� WKH� RDW� PLON�
PDQXIDFWXULQJ�SURFHVV�DW�����&��,W�ZDV�WKHQ�ILOWHUHG�WKURXJK�PXVOLQ�FORWK�WR�JHW�WKH�RDW�PLON��
7KH�HQ]\PH�ZDV�LQDFWLYDWHG�E\�KHDWLQJ�DW�����&�IRU���PLQ�DW�WKH�HQG�RI�WKH�WUHDWPHQW��7KH�
SHUFHQWDJH�RI�ILOWUDWH�REWDLQHG�ZDV�HVWLPDWHG�DV�WKH�WRWDO�\LHOG�

$�SURFHVV�RI�SURGXFLQJ�VR\�PLON�SRZGHU�ZDV�GHYHORSHG�E\�,/�3DUGHVKL�HW�DO�����������
ZHUH�WKH�SXUSRVH�ZDV�WR�DYRLG�WKH�QHHG�RI�ERWWOLQJ��SDVWHXUL]DWLRQ��DQG�UHIULJHUDWHG�VWRUDJH�RI�
VR\PLON�� ,Q� WKLV�SURFHVV�� WKH�VR\EHDQV�ZHUH�VRDNHG� LQ�ZDWHU�DQG� ULQVLQJ� IRU��� WR��� WLPHV�DW�
UHJXODU�LQWHUYDO�RI���KRXUV��7KH�EHDQV�ZHUH�WKHQ�JULQGHG�ZLWK�DGGLWLRQ�RI�ZDWHU�IROORZHG�E\�
KHDWLQJ�IRU����PLQV��7KH�IHHG�UDWH�ZDV�NHSW�DW���������J�K��DQG�DQ�LQOHW�GU\LQJ�WHPSHUDWXUH�RI�
��������&�ZDV�XVHG�IRU�VSUD\�GU\LQJ�RI�VR\PLON��,W�ZDV�REVHUYHG�WKDW�WKH�RSWLPDO�VSUD\�GULHG�
VR\PLON�SRZGHU�FRXOG�EH�SUHSDUHG�DW� IHHG� UDWH���������J�K�DQG���������&� LQOHW�GU\LQJ�DLU�
WHPSHUDWXUH����



��

%HUQDW�1�HW�DO�� ��������SURFHVV�LQYROYHG�VRDNLQJ�DQG�JULQGLQJ�RI�ZKROH�RDWV�IROORZHG�E\�
KRPRJHQL]DWLRQ���

6DQJDPL� DQG�5DGKDL� �������� FDUULHG�RXW� H[WUDFWLRQ� WHFKQLTXH�RI�RDW�PLON� XVLQJ�YDULRXV�
IRUPV�RI�RDWV�LQFOXGLQJ�ZKROH�JUDLQ��VSOLW�JUDLQ�DQG�RDW�PHDO��7KH�HPSKDVLV�ZDV�SXW�RQ�YDU\LQJ�
WKH�TXDQWLW\�RI�RDWV�WR�EH�XVHG��VRDNLQJ�PHWKRG�DQG�GXUDWLRQ�RI�VRDNLQJ�DQG�WKH�VDPSOHV�ZHUH�
VXEMHFWHG�WR�\LHOG�DQDO\VLV��7KH�\LHOG�RI�RDW�PLON�REWDLQHG�UDQJHG�IURP����WR����SHU�FHQW��'LHWDU\�
ILEHU�FRQWHQW�UDQJHG�IURP�������± ������J�DQG�ȕ�JOXFDQ�FRQWHQW�UDQJHG�IURP������� �����J�SHU�
FHQW��7KH�SURGXFW�KDG�D�S+�RI�������WLWUDEOH�DFLGLW\�ZDV�DURXQG������SHU�FHQW��WRWDO�VROLGV�RI�
������SHU�FHQW�ZKHUHDV�WKH�YLVFRVLW\�UDQJHG�IURP���± ����F36��

�����2UJDQROHSWLF�FKDUDFWHUL]DWLRQ�RI�PLON�SRZGHU�
6LQJK�DQG�%DLQV���������REVHUYHG�WKDW�EOHQGLQJ�RI�SODQW�EDVHG�PLON�ZLWK�FRZ�PLON�KDG�

EHWWHU�WDVWH�VFRUHV�WKDQ�SODQW�EDVHG�PLON�DORQH��
7KH�H[WUDFWLRQ�SURFHVV�RI�RDW�PLON�FDUULHG�RXW�E\�6DQJDPL�DQG�5DGKDL���������REWDLQHG�

PHDQ�VFRUHV�IRU�RUJDQROHSWLF�HYDOXDWLRQ�RI�WKH�RDW�PLON�H[WUDFW�VDPSOHV�ZKLFK�LQGLFDWH�WKDW�WKH�
YDULDWLRQ�ZLWK�ERWK�URDVWHG�DQG�XQURDVWHG�VSOLW�RDWV�JUDLQ�UHFRUGHG�KLJKHVW�VFRUHV�RI����������DQG�
��� LQ�WKH�UHVSHFWLYH�DWWULEXWHV�RI�DSSHDUDQFH��RGRXU�DQG�WH[WXUH�FRQVLVWHQF\�UHVSHFWLYHO\��7KH�
VFRUHV�LQGLFDWH�WKDW�WKH�H[WUDFWHG�RDWV�PLON�ZDV�IRXQG�WR�EH�LQ�WKH�UDQJH�RI�/LNHG�PRGHUDWHO\�
�6FRUH����WR�/LNHG�YHU\�PXFK��6FRUH��������

�����+HDOWK�EHQHILWV�RI PLON�SRZGHU�
gQQLQJ�HW�DO�����������REVHUYHG�WKDW�RDW�PLON�KDV�EHHQ�UHSRUWHG�WR�GHFUHDVH�WKH�SODVPD�

FKROHVWHURO�DQG�/RZ�'HQVLW\�/LSRSURWHLQ��/'/��FRQFHQWUDWLRQV�RI�KHDOWK\�LQGLYLGXDOV�DIWHU�D�
FRQVXPSWLRQ�SHULRG�RI���ZHHNV��

%L|UNOXQG�0� HW�DO��� �������� UHSRUWHG� WKDW� FRPSDUHG� WR� D� FRQWURO� EHYHUDJH�� �J� RI� ȕ�
JOXFDQV� IURP� RDW� PLON� VLJQLILFDQWO\� ORZHUHG� WRWDO�FKROHVWHURO� E\� ����� �S�� ������� DQG� SRVW�
SUDQGLDO�FRQFHQWUDWLRQV�RI�JOXFRVH�DQG�LQVXOLQ��

/\O\�0�HW�DO�����������UHSRUWHG�WKDW�D�JURXS�RI�VFLHQWLVWV�LQYHVWLJDWHG�WKH�HIIHFW�RI�RDW�
ILEUHV�RQ�REVHUYHG�VDWLHW\�RI�EHYHUDJHV�DQG�UHSRUWHG�WKDW� WKH�EHYHUDJH�ZLWK�DGGHG�RDW�ILEHUV�



��

VKRZHG�D�WUHQG�RI�KDYLQJ�D�KLJKHU�VDWLHW\�LQGH[�DQG�GHFUHDVHG�WKH�µGHVLUH�WR�HDW�VRPHWKLQJ¶��
LQFUHDVHG�IXOOQHVV�DQG�VKRZHG�D�WUHQG�RI�PRUH�WKDQ�WKH�EHYHUDJH�ZLWKRXW�ILEHU��

-XYRQHQ� .5� HW�DO��� �������� DOVR� IRXQG� RXW� VLPLODU� UHVXOWV� DQG� UHSRUWHG� WKDW� WKH�
FRQVXPSWLRQ�RI�YLVFRXV�ILEHUV��LQFOXGLQJ�ȕ�JOXFDQ�LQ�RDW�EUDQ��IDYRUDEO\�DIIHFW�VDWLHW\�DV�ZHOO�
DV�SRVW�SUDQGLDO�FDUERK\GUDWH�DQG�OLSLG�PHWDEROLVP��

�����6KHOI�OLIH�VWXG\�RI�PLON�SRZGHU�

&LYLOOH�DQG�6]F]HVQLDN����������REVHUYHG�WKDW�VWDELOLW\�RI�SODQW�EDVHG�PLON�LV�GHSHQGHQW�
RQ�WKH�VL]H�RI�GLVSHUVHG�SKDVH�SDUWLFOHV�7KHVH�FROORLGDO�V\VWHPV�IRUPHG�E\�ODUJH�VL]HG�GLVSHUVHG�
SDUWLFOHV�VXFK�DV�IDW�JOREXOHV��VROLG�SDUWLFOHV�IURP�UDZ�PDWHULDOV��SURWHLQV�DQG�VWDUFK�JUDQXOHV�
PDNH�LW�GLIILFXOW�WR�REWDLQ�D�VWDEOH�SURGXFW�ZKLFK�FDQ�EH�VWRUHG��QRW�IRU�YHU\�ORQJ�WLPH�GXH�WR�
VHGLPHQWDWLRQ� RU� VHWWOLQJ� RI� VROLG� SDUWLFOHV�� 7KH� SUHVHQFH� RI� ODUJH� VL]H� SDUWLFOHV� UHVXOWV� LQ� D�
VDQG\��JULWW\�RU�FKDON\�PRXWK�IHHO�DQG�ODFN�RI�FUHDPLQHVV�GXH�WR�WKHLU�ORZ�IDW�FRQWHQW�ZKLFK�
UHQGHUV�WKH�PLON�LQVWDEOH��

.ZRN�DQG�1LUDQMDQ���������UHSRUWHG�WKDW�SODQW�EDVHG�PLON�DUH�D�ULFK�VRXUFH�RI�QXWULHQWV�
DQG�VHUYH�DV�DQ�LGHDO�PHGLXP�IRU�JURZWK�RI�PLFUR�RUJDQLVPV��DQG�WKHUHIRUH��LWV�TXDOLW\�PD\�EH�
DGYHUVHO\�DIIHFWHG�E\� WKH�UDSLG�JURZWK�RI�PLFUR�RUJDQLVPV��7R�H[WHQG� WKH�VKHOI� OLIH�RI�IRRG�
SURGXFWV� WKHUPDO� WUHDWPHQW� KDV� EHHQ� XVHG� DV� D� SURFHVVLQJ� PHWKRG� WR� HOLPLQDWH� RU� UHGXFH�
VSRLODJH�DQG�SDWKRJHQLF�PLFUR�RUJDQLVPV��+HDW�WUHDWPHQW�ZDV�XVHG�WR�LQFUHDVH�WKH�VKHOI�OLIH�RI�
SODQW�EDVHG�PLON�DORQJ�ZLWK�WKH�REMHFWLYHV�RI�LQFUHDVLQJ�WRWDO�VROLGV�\LHOG�DQG�LPSURYHPHQW�RI�
IODYRU��

&UX]�HW�DO�����������6LQJK���������LQIHUUHG�WKDW�WKHUPDO�WUHDWPHQWV�PD\�EH�ZHOO�DSSOLHG�
WR�SODQW�EDVHG�PLON�VXFK�DV�VR\�PLON�DQG�SHDQXW�PLON�EXW�GXH�WR�WKH�SUHVHQFH�RI�KLJK�VWDUFK�
FRQFHQWUDWLRQ�LQ�RDW�PLON��ULFH�PLON�HWF��LWV�DSSOLFDWLRQ�LV�OLPLWHG��DQG�WKHUHIRUH��QRQ�WKHUPDO�
SURFHVVLQJ�WHFKQRORJLHV�PXVW�EH�DSSOLHG�WR�H[WHQG�WKH�VKHOI�OLIH���

&UX]�HW�DO�� ��������UHSRUWHG�WKDW�DSDUW�IURP�DFKLHYLQJ�VL]H�UHGXFWLRQ�RI�FROORLGDO�SDUWLFOHV��
D� VLPXOWDQHRXV� GHVWUXFWLRQ� RI� PLFUR�RUJDQLVPV� E\� 8+3+� WUHDWPHQW� GXH� WR� WKH� HIIHFWV� RI�
KLJKSUHVVXUH�RQ�PLFUR�RUJDQLVPV�FDQ�EH�DFKLHYHG�VLPXOWDQHRXVO\��7ZR�8+3+�WUHDWPHQWV������
DQG�����03D��ZHUH�DSSOLHG�WR�WKH�VR\�PLON�DW�DQ�LQOHW�WHPSHUDWXUH�RI�����&�DQG�ZDV�FRPSDUHG�
ZLWK� QRUPDO� DQG�8+7� WUHDWHG� VR\�PLON�� 5HVXOWV� LQGLFDWHG� WKDW�8+3+� WUHDWPHQW� VLJQLILFDQWO\�
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LPSURYHG�WKH�HPXOVLRQ�VWDELOLW\�E\�GLVUXSWLQJ�WKH�FROORLGDO�SDUWLFOHV�DQG�DOVR�VKRZHG�D�UHGXFWLRQ�
LQ�WKH�PLFURELDO�ORDG��

$FFRUGLQJ� WR� 9DOHQFLD�)ORUHV� HW�DO��� �������� 8OWUD� +LJK� 3UHVVXUH� +RPRJHQL]DWLRQ�
�8+3+��LV�RQH�RI�WKH�SURPLVLQJ�SURFHVVLQJ�WHFKQRORJLHV�ZKLFK�UHVXOWHG�LQ�VPDOOHU�DQG�PRUH�
XQLIRUP�VL]HG�SDUWLFOHV��DQG�FDQ�EH�HIIHFWLYHO\�XWLOL]HG�WR�LPSURYH�WKH�VWDELOLW\�RI�SODQW�EDVHG�
PLON���

$FFRUGLQJ� WR� 6ZDWL� 6HWKL� HW�DO��� �������� WKH� VWDELOLW\� RI� SODQW�EDVHG� PLON� FDQ� EH�
LPSURYHG� E\� UHGXFLQJ� WKH� VL]H� RI� GLVSHUVHG� SKDVH� SDUWLFOHV� E\� XVLQJ� YDULRXV� WHFKQLTXHV��
7UDGLWLRQDOO\��FROORLG�PLOO�ZDV�XVHG�WR�UHGXFH WKH�VL]H�RI�GLVSHUVHG�SKDVH�SDUWLFOHV�LQ�SUHSDUDWLRQ�
RI�VR\�PLON�DQG�SHDQXW�PLON��%XW��PLFURELDO�VSRLODJH�FDQ�EH�D�OLPLWLQJ�IDFWRU�LQ�WKH�XVH�RI�FROORLG�
PLOO�IRU�VL]H�UHGXFWLRQ�DQG�WKHUH�LV�D�QHHG�IRU�WKH�PLON�WR�EH�SDVWHXUL]HG�IXUWKHU�IURP�IRRG�VDIHW\�
SRLQW�RI�YLHZ��,W�ZDV�DOVR�UHSRUWHG�WKDW�WKH�VWDELOLW\�RI�SODQW�PLON�FDQ�DOVR�EH�LPSURYHG�E\�XVLQJ�
HPXOVLILHUV�DQG�VWDELOL]HUV���

�����0LFURELDO�DQDO\VLV�RI�PLON�SRZGHU�

.DMV�HW�DO�����������UHSRUWHG�WKDW�VSUD\�GULHG�DQG�LQWHUPHGLDWH�PRLVWXUH�SURGXFWV�SUHSDUHG�IURP�
FRFRQXW�VNLP�PLON�FRQWDLQHG�ORZ�OHYHOV�RI�YLDEOH�PLFURRUJDQLVPV�������±��������PHDQ�������J���
7KHUH�ZDV�OLWWOH�FKDQJH�LQ�WKH�EDFWHULDO�FRXQWV�RI�WKHVH�SURGXFWV�GXULQJ�VWRUDJH�IRU���± ����GD\V�
DW� HLWKHU� ��� RU� ���&�� :KHQ� ILYH� PLFURELDO� VSHFLHV� ZHUH� LQRFXODWHG� LQGLYLGXDOO\� LQWR� DQ�
LQWHUPHGLDWH�PRLVWXUH�SURGXFW�ZLWK�D�PRLVWXUH�OHYHO�RI��������QR�LQFUHDVH�LQ�SRSXODWLRQ�WRRN�SODFH�
DW����&�IRU����GD\V�

%�&��$GHED\R�7D\R�HW�DO� ��������HYDOXDWHG�EUDQGHG�DQG�XQEUDQGHG�SRZGHUHG�VR\PLONV�
IRU�PLFURELDO�TXDOLW\��SK\VLFRFKHPLFDO�SDUDPHWHUV�DQG�DIODWR[LQ�OHYHO��7KH�WRWDO�EDFWHULDO�FRXQW�
UDQJHG�IURP��î�������î��� FIX�J�IRU�EUDQGHG�VDPSOHV�DQG����î�������î��� FIX�J�IRU�XQEUDQGHG�
SRZGHUHG�VR\PLON�VDPSOHV��7KHUH�ZDV�QR�SUHVHQFH�RI�&ROLIRUP�EDFWHULD�LQ�ERWK�EUDQGHG�DQG�
XQEUDQGHG�SRZGHUHG�VR\PLON�VDPSOHV��7KH�IXQJDO�FRXQW�UDQJHG�IURP����î��� WR�����î��� FIX�J��
IRU�EUDQGHG�VR\PLON�SRZGHU�DQG�����î��� WR�����î��� FIX�J�IRU�XQEUDQGHG�VR\PLON�SRZGHU��7KH�
EUDQGHG� VR\PLON� SRZGHU� LQFOXGHG� LVRODWHG� PLFURRUJDQLVPV� OLNH� 0LFURFRFFXV� VS���
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6WDSK\ORFRFFXV� DXUHXV�� %DFLOOXV� VXEWLOLV�� 3VHXGRPRQDV� VS��� 6WUHSWRFRFFXV� VS��� $VSHUJLOOXV�
IODYXV�� &DQGLGD� SVHXGRWURSLFDOLV�� 6DFFKDURP\FHV� FHUHYLVDH�� 3HQLFLOOLXP� FLWULXP DQG�
&ODGRVSRULXP�VS��ZKLOH��3VHXGRPRQDV�VS���%��VXEWLOLV��<HUVLQLD�HQWHURFROLWLFD��6WUHSWRFRFFXV�
VS���$�� IODYXV��$VSHUJLOOXV�QLJHU��&��SVHXGRWURSLFDOLV��6DFFKDURP\FHV�VS��ZHUH� LVRODWHG�IURP�
XQEUDQGHG�VDPSOHV���

7KRPEDUH�'�7�HW�DO�����������FDUULHG�RXW�,09,&�WHVW��&DWDODVH�WHVW�DQG�JUDP�VWDLQLQJ�
IRU�WKH�PLFURELDO�DQDO\VLV�RI�VR\PLON�ZKLFK�VKRZHG�SUHVHQFH�RI�EDFWHULD�OLNH�(VFKHULFKLD�VSS�
DQG�6WUHSWRFRFFXV�VSS��

5DYMLQGDPED�HW�DO�����������HYDOXDWHG�VWDELOLW\�RI�D�IHUPHQWHG�RDW�EHYHUDJH��7KH��YLDEOH��
FHOO��FRXQWV��ZHUH��DERXW��î��� &)8�PO�DIWHU�WKH�IHUPHQWDWLRQ�SURFHVV�ZKLFK�UHGXFHG WR��î���
&)8�PO�DIWHU�D�VWRUDJH�SHULRG�RI����GD\V�

(GHW�HW�DO�����������FDUULHG�RXW�D�VWXG\�HYDOXDWLQJ�WKH�PLFURELRORJLFDO�DQG�ELRFKHPLFDO�
FRQWHQW�RI�VR\PLON�VDPSOHV�IURP�ILYH�GLIIHUHQW�DUHDV��7KH�SUREDEOH�EDFWHULDO�LVRODWHV�LGHQWLILHG�
ZHUH�3VHXGRPRQDV��.OHEVLHOOD�DQG�%DFLOOXV�VSHFLHV��ZKLOH�WKH�IXQJL�VSHFLHV�ZHUH�WKDW�RI�<HDVW�
DQG�$VSHUJLOOXV��7KH�EDFWHULDO�FRXQWV�UDQJHG�IURP����������[��� FIX�PO�WR� � ����������[���
FIX�PO� ZKLOH� WKH� PHDQ� IXQJDO� FRXQW� UDQJHG� IURP� ���������[��� FIX�PO� WR� ���������[���
FIX�PO�

�����3DFNDJLQJ�UHTXLUHPHQWV�RI�PLON�SRZGHU�

+DVVDQ���������FDUULHG�RXW�SURGXFWLRQ�RI�FRFRQXW�PLON�SRZGHU��,Q�KLV�SUHOLPLQDU\�VWRUDJH�
VWXGLHV�� LW�ZDV� IRXQG� WKDW�DIWHU�VWRUDJH� IRU� WKUHH�PRQWKV� LQ�RUGLQDU\�SRO\HWK\OHQH�SDFNDJLQJ�
XQGHU�URRP�FRQGLWLRQV��VDPSOHV�ZHUH�IRXQG�WR�EH�VWDEOH�DQG�WKHUH�ZDV�QR�VHSDUDWLRQ�RI�SKDVHV��

/DXULH�HW�DO�����������DQDO\VHG�ILYH�GLIIHUHQW�SDFNDJLQJ�WUHDWPHQWV�ZHUH�RYHU�D����GD\�
SHULRG� WR� GHWHUPLQH� WKH� SURWHFWLRQ� RI� VR\PLON� IURP� SKRWR�R[LGDWLRQ�� 7KH� SDFNDJLQJ� ERWWOHV
PDGH�RI�GLIIHUHQW�SDFNDJLQJ�PDWHULDOV�ZHUH�VWRUHG�LQ�D�UHIULJHUDWHG�GLVSOD\�FDVH�IRU����GD\V�DQG�
HYDOXDWHG�ZHHNO\��,W�ZDV�IRXQG�WKDW�VR\PLON�SDFNDJHG�LQ�KLJK�/3$��/LJKW�3URWHFWLYH�$GGLWLYHV��
ERWWOHV�SURWHFWHG�IURP�GHYHORSLQJ�OLJKW�R[LGL]HG�RII�IODYRUV�DQG�RGRUV�IRU�D�SHULRG�RI����GD\V�
DQG� DOVR� SURYLGHG� SURWHFWLRQ IRU� ULERIODYLQ� DQG� FRQWUROOHG� GHYHORSPHQW� RI� SKRWRR[LGDWLYH�
SURGXFWV�IRU�DSSUR[LPDWHO\����GD\V�



0$7(5,$/6�$1'�
0(7+2'
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&KDSWHU� ,,,�
0$7(5,$/6�$1'�0(7+2'�

7KH�SUHVHQW�LQYHVWLJDWLRQ�HQWLWOHG�³6WXGLHV�RQ�GHYHORSPHQW�RI�YHJDQ�PLON�SRZGHU�
�RDW� PLON� SRZGHU�� IRUWLILHG� ZLWK� GDWHV´ ZDV� FDUULHG� RXW� LQ� WKH� 'HSDUWPHQW� RI� )RRG�
&KHPLVWU\�DQG�1XWULWLRQ��ZLWK�FROODERUDWLRQ�RI�'HSDUWPHQW�RI�)RRG�3URFHVV�7HFKQRORJ\�
DQG�'HSDUWPHQW� RI�)RRG�0LFURELRORJ\� DQG�6DIHW\��1LFKH�/DERUDWRU\��&ROOHJH� RI� )RRG�
7HFKQRORJ\�� DQG� 'HSDUWPHQW� RI� 6RLO� 6FLHQFH�� &ROOHJH� RI� $JULFXOWXUH�� 9�1�0�.�9���
3DUEKDQL�GXULQJ�WKH�DFDGHPLF�\HDU����������0DWHULDOV�XVHG�DQG�PHWKRGV�DGRSWHG�IRU�WKH�
SUHVHQW�LQYHVWLJDWLRQ�DUH�SUHVHQWHG�XQGHU�VXLWDEOH�KHDGLQJV�DQG�VXEKHDGLQJV���

����0$7(5,$/6���
������5DZ�PDWHULDOV�

5ROOHG�RDWV�ZHUH�SXUFKDVHG�RQOLQH�DQG�IUHVK�GDWHV�ZHUH�SURFXUHG�IURP�WKH�ORFDO�PDUNHW�
RI�3DUEKDQL��DQG�RWKHU�PDWHULDOV�OLNH�PDOWRGH[WULQ��ZHUH�SURFXUHG�IURP�WKH�'HSDUWPHQW�RI�
)RRG�&KHPLVWU\�DQG�1XWULWLRQ��&ROOHJH�RI�)RRG�7HFKQRORJ\��3DUEKDQL��

�������&KHPLFDO�DQG�5HDJHQWV��
0RVW�RI�WKH�FKHPLFDOV�XVHG�LQ�WKLV�LQYHVWLJDWLRQ�ZHUH�RI�DQDO\WLFDO�JUDGH��7KH\�ZHUH�

REWDLQHG�IURP�'HSDUWPHQW�RI�)RRG�&KHPLVWU\�DQG�1XWULWLRQ��'HSDUWPHQW�RI�)RRG�3URFHVV�
7HFKQRORJ\��'HSDUWPHQW�RI�)RRG�(QJLQHHULQJ�DQG�'HSDUWPHQW�RI�)RRG�0LFURELRORJ\�DQG�
6DIHW\��&ROOHJH�RI�)RRG�7HFKQRORJ\��910.9��3DUEKDQL���

�������(TXLSPHQWV�DQG�,QVWUXPHQWV
'LIIHUHQW�HTXLSPHQWV�UHTXLUHG�IRU�WKH�SUHSDUDWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�

GDWHV�DQG�LWV�SK\VLFRFKHPLFDO�DQDO\VLV�ZHUH 7H[WXUH�$QDO\]HU��'LJLWDO�0RGHO�RI�9HUQLHU�
FDOLSHU� DQG�(OHFWURQLF� EDODQFH�ZLWK� WKH� DFFXUDF\� RI� ������J� IRU�ZHLJKW�PHDVXUHPHQWV��
'LJLWDO�S+�PHWHU�IRU�S+�PHDVXUHPHQW��7KHVH�ZHUH�PDGH�DYDLODEOH�IURP�WKH�'HSDUWPHQW�RI�
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)RRG�&KHPLVWU\�DQG�1XWUWLRQ�/DE�DQG�RWKHU 'HSDUWPHQWV�RI�&ROOHJH�RI�)RRG�7HFKQRORJ\��
9�1�0�.�9���3DUEKDQL��

7KH� YDULRXV� RWKHU� SURFHVVLQJ� DQG� DQDO\WLFDO� HTXLSPHQWV� LQFOXGHG�+RW� DLU RYHQ��
6R[KOHW� DSSDUDWXV�� 0LFUR� .MHOGKDO� DSSDUDWXV�� 6SUD\� GU\HU�� 0XIIOH� IXUQDFH�� *ULQGHU��
6SHFWURSKRWRPHWHU�� ODPLQDU� DLU� IORZ� FDELQHW� DQG� JODVVZDUHV� ZKLFK� ZHUH� XVHG� IURP�
'HSDUWPHQW� RI� )RRG� &KHPLVWU\� DQG� 1XWULWLRQ�� 'HSDUWPHQW� RI� )RRG� (QJLQHHULQJ��
'HSDUWPHQW� RI� )RRG� 0LFURELRORJ\� DQG� 6DIHW\� DQG� 'HSDUWPHQW� RI� )RRG� 3URFHVV�
7HFKQRORJ\��1LFKH�DUHD�ODERUDWRU\��&ROOHJH�RI�)RRG�7HFKQRORJ\��910.9��3DUEKDQL��

������3DFNDJLQJ�PDWHULDO�
7KH�VXLWDEOH�SDFNDJLQJ�PDWHULDO�VXFK�DV�+LJK�'HQVLW\�3RO\�(WK\OHQH��+'3(��EDJV�

DQG� $OXPLQDWHG� VWDQGLQJ� SRXFKHV� IRU� FRQWDLQPHQW� DQG� VDIH� VWRUDJH� RI� SURGXFWV� ZHUH�
SURFXUHG�IURP�ORFDO�PDUNHW�RI�3DUEKDQL�

�����0(7+2'6�
2DWV�� GDWHV� DQG�SUHSDUHG�PLON� SRZGHU�ZHUH� DQDO\]HG� IRU� YDULRXV� TXDOLW\� DWWULEXWHV�

LQFOXGLQJ� SK\VLFDO� DWWULEXWHV� DQG� SUR[LPDWH� FKHPLFDO� FRPSRVLWLRQ�� 3K\VLFRFKHPLFDO�
FKDUDFWHULVWLFV� ZHUH� HVWLPDWHG� XVLQJ� UHFRPPHQGHG� VWDQGDUG� RI� $VVRFLDWLRQ� RI� 2IILFLDO�
$QDO\WLFDO�&KHPLVWV��$2$&��PHWKRGV��������DV�PHQWLRQHG�EHORZ��

�������3K\VLFDO�SURSHUWLHV�RI�RDWV�DQG�GDWHV�
���������7KRXVDQG�NHUQHO�ZHLJKW

7KRXVDQG�NHUQHO�ZHLJKW�ZDV�PHDVXUHG�E\�FRXQWLQJ�����UDQGRPO\�VHOHFWHG�JUDLQV�
DQG�ZHLJKLQJ�WKHP�XVLQJ�DQ�HOHFWURQLF�EDODQFH�KDYLQJ�DQ�DFFXUDF\�RI�������J�DQG�WKHQ�
PXOWLSOLHG�E\����WR�JLYH�PDVV�RI������VHHGV��
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���������%XON�GHQVLW\��ȡE�
���J�RI�VRXQG�JUDLQV�ZLOO�EH�ZHLJKHG�RQ�WKH�GLJLWDO�ZHLJKLQJ�EDODQFH�DQG�ILOOHG�LQWR�

WKH�PHDVXULQJ�F\OLQGHU�HDUOLHU�ILOOHG�ZLWK�UHIHUHQFH�VROXWLRQ�RI�NHURVHQH�RU�WROXHQH��7KH�
LQFUHDVH�LQ�WKH�OHYHO�RI�OLTXLG�ZLOO�EH�PHDVXUHG�DIWHU�DGGLQJ�WKH�JUDLQV��,W�LV�EXON�GHQVLW\�
UHSUHVHQWHG�LQ�J�PO��'XWWD�HW�DO����������

:HLJKW�RI�JUDLQV�
%XON�'HQVLW\��ȡE�� �

9ROXPH�RI�JUDLQV�

���������7UXH�GHQVLW\��ȡW�
���J�RI�JUDLQV�ZLOO�EH�ILOOHG�LQWR�WKH�PHDVXULQJ�F\OLQGHU�DQG�YROXPH�RFFXSLHG�E\�

WKHP�ZLOO�EH�PHDVXUHG��,W�ZLOO�EH�WKHQ�FDOFXODWHG�E\�IROORZLQJ�IRUPXOD�DQG�UHSUHVHQWHG�LQ�
J�PO��5RRQH\�HW�DO����������

:HLJKW�RI�JUDLQV�
7UXH�'HQVLW\��ȡW�� �

9ROXPH�RFFXSLHG�

���������$QJOH�RI�UHSRVH
7KH�IULFWLRQDO�SURSHUW\�VXFK�DV�DQJOH�RI�UHSRVH��ș��ZDV�FDOFXODWHG�IURP�WKH�KHLJKW�

DQG�GLDPHWHU�RI�WKH�QDWXUDOO\�IRUPHG�KHDS�RI�WKH�IRRG�JUDLQV�RQ�D�FLUFXODU�SODWH�DV�PHWKRG�
GHVFULEHG�E\�6LQJK�HW�DO�����������

:KHUH��K� �+HLJKW�RI�KHDS
U� �5DGLXV�RI�EDVH�RI�KHDS

$QJOH�RI�UHSRVH��ș�� �WDQ��^K�U`
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���������3RURVLW\��İ���
7KH�SRURVLW\��İ��RI�WKH�EXON�JUDLQ�ZDV�GHILQHG�DV�WKH�IUDFWLRQV�RI�WKH�VSDFH�LQ�WKH�

EXON�JUDLQ�WKDW�LV�QRW�RFFXSLHG�E\�WKH�JUDLQ��7KH�SRURVLW\��İ�ZDV�FDOFXODWHG�XVLQJ�IRUPXOD��

:KHUH��UE DQG�UW DUH�WKH�EXON�DQG�WUXH�GHQVLW\��UHVSHFWLYHO\�LQ�N�JP�

���������'HWHUPLQDWLRQ�RI�YLVFRVLW\�
7KH�YLVFRVLW\�RI�RDW�PLON�ZDV�PHDVXUHG�E\�XVLQJ�%URRNILHOG�YLVFRPHWHU���

���������'HWHUPLQDWLRQ�RI�%XON�'HQVLW\�RI�SRZGHUHG�VDPSOH�
7KH�EXON�GHQVLW\�RI�SRZGHUHG�VDPSOH�ZDV�PHDVXUHG�E\�WKH�PHWKRG�VXJJHVWHG�E\�

*RXOD�DQG�$GDPRSRXORV��2QH�JUDP�RI�VDPSOH�ZDV�ZHLJKHG�DQG�ILOOHG�LQ�D����PO�JUDGXDWHG�
F\OLQGHU��7KH�F\OLQGHU�ZDV�WDSSHG�E\�KDQG�ILYH�WLPHV�IURP�D�KHLJKW�RI����FP�DQG�WKH�EXON�
GHQVLW\�ZDV�FDOFXODWHG�DV�WKH�UDWLR�EHWZHHQ�WKH�PDVV�RI�SRZGHU�FRQWDLQHG�LQ�WKH�F\OLQGHU�
DQG�WKH�YROXPH�RFFXSLHG����
���������'HWHUPLQDWLRQ�RI�:HWWDELOLW\�RI�SRZGHUHG�VDPSOH�

7KH�ZHWWDELOLW\�RI�WKH�SRZGHUHG�VDPSOH�ZDV�PHDVXUHG�E\�WKH�WLPH�UHTXLUHG�IRU�����
J�RI�VDPSOH�GHSRVLWHG�RQ�WKH�OLTXLG�VXUIDFH������J�RI�GLVWLOOHG�ZDWHU��WR�EHFRPH�FRPSOHWHO\�
VXEPHUVHG�DW����&��9LVVRWWR�HW�DO�����������
���������'HWHUPLQDWLRQ�RI�6ROXELOLW\�,QGH[��6,��RI�SRZGHUHG�VDPSOH��

6ROXELOLW\�LQGH[�RI�WKH�SRZGHUHG�VDPSOH�ZDV�GHWHUPLQHG�E\�WKH�PHWKRG�H[SODLQHG�
E\�&RUWHV�5RMDV�DQG�2OLYHLUD��$ERXW���J�RI�WKH�SRZGHU�ZDV�DGGHG�WR�����PO�RI�GLVWLOOHG�
ZDWHU�7KH�PL[WXUH�ZDV�VWLUUHG�XVLQJ�D�PDJQHWLF�VWLUUHU��$IWHU�NHHSLQJ�WKH�PL[WXUH�DW����&�
IRU����PLQ�� WKH�PL[WXUH�ZDV�FHQWULIXJHG�DW��������USP�IRU����PLQ��7KH�SUHFLSLWDWH ZDV�
WUDQVIHUUHG�LQWR�D�GU\LQJ�YHVVHO�DQG�GULHG�DW�����&�XQWLO�FRQVWDQW�ZHLJKW��7KH�VROXELOLW\�
LQGH[�����ZDV�FDOFXODWHG�DV�WKH�UDWLR�RI�WKH�VROLG�PDVV�RI�VXSHUQDWDQW�WR�WKH�DPRXQW�RI�WKH�
RULJLQDO�ZHLJKW�RI�VDPSOH���J�����

;ϭ�о�UďͿ�п�ϭϬϬɸ�с
Uƚ
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����3UR[LPDWH�DQDO\VLV�

�������'HWHUPLQDWLRQ�RI�S+��
7KH�S+�ZDV�GHWHUPLQHG�E\�XVLQJ�D�GLJLWDO�S+�PHWHU�DIWHU�VWDQGDUGL]LQJ�LW�ZLWK�EXIIHUV�

RI�S+�����DQG�������
�������'HWHUPLQDWLRQ�RI�PRLVWXUH�FRQWHQW�

0RLVWXUH� ZDV� HVWLPDWHG� E\� DFFXUDWHO\� ZHLJKLQJ� �J� RI� WKH� VDPSOH� ZKLFK� ZDV�
VXEMHFWHG�WR�RYHQ�GU\LQJ�DW�����&�IRU���KUV��,W�ZDV�DJDLQ�ZHLJKHG�DIWHU�FRROLQJ�LQ�GHVLFFDWRU�
XQWLO�FRQVWDQW�ZHLJKW�ZDV�DFKLHYHG��7KH�UHVXOWDQW�ORVV�LQ�ZHLJKW�ZDV�FDOFXODWHG�DV�PRLVWXUH�
FRQWHQW��$2$&���������

�������'HWHUPLQDWLRQ�RI�&UXGH�)DW�
7KH�PHWKRG�HPSOR\HG�ZDV�WKDW�RI�VROYHQW�H[WUDFWLRQ�XVLQJ�D�6R[KOHW�H[WUDFWLRQ�DV�

GHVFULEHG�LQ�PHWKRG�1R��������RI�$$&&�����������J�RI�VDPSOH�ZDV�WDNHQ�LQ�D�WKLPEOH�DQG�
SODFHG�LQ�H[WUDFWLRQ�WXEH�RI�6R[KOHW�DSSDUDWXV��$ERXW�����PO�RI�KH[DQH�ZDV�DGGHG�LQ�����
PO�ERWWRP�IODVN�RI�WKH�DSSDUDWXV�DQG�FRQQHFWHG�WR�6R[KOHW�DSSDUDWXV��7KH�IDW�ZDV�H[WUDFWHG�
E\� UXQQLQJ�KH[DQH�RYHU� WKH�VDPSOH�DW� WKH�UDWH�RI�����GURSV�SHU�VHF�IRU�DERXW���KU��7KH�
VROYHQW�ZDV�UHFRYHUHG�DQG�WKH�IODVN�ZDV�NHSW�LQ�KRW�DLU�RYHQ�IRU����PLQ�DW�������&��7KH�
IODVN�ZDV�FRROHG�LQ�GHVLFFDWRU�DQG�ZHLJKHG��)DW�SHUFHQWDJH�ZDV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�
IROORZLQJ�IRUPXOD�

�������'HWHUPLQDWLRQ�RI�FUXGH�SURWHLQ�
7KH�FUXGH�SURWHLQ�ZDV�GHWHUPLQHG�E\�WKH�.MHOGKDO�PHWKRG�DV�GHVFULEHG�LQ�PHWKRG�

1R��������RI��$$&&���������7KLV�LV�EDVHG�RQ�WKH�IDFW�WKDW�RQ�GLJHVWLRQ�ZLWK�FRQFHQWUDWHG�
VXOSKXULF�DFLG�DQG�FDWDO\VWV��RUJDQLF�FRPSRXQGV�DUH�R[LGL]HG��DQG�WKH�QLWURJHQ�LV�FRQYHUWHG�

,QLWLDO�ZHLJKW�± ILQDO�ZHLJKW��0RLVWXUH�  ;����
7RWDO�ZHLJKW�RI�VDPSOH



��

WR�DPPRQLXP�VXOSKDWH��8SRQ�PDNLQJ�WKH�UHDFWLRQ�PL[WXUH�DONDOLQH��DPPRQLD�LV�OLEHUDWHG��
UHPRYHG�E\�WKH�VWHDP�GLVWLOODWLRQ��FROOHFWHG�DQG�WLWUDWHG��

���������'LJHVWLRQ�
$FFXUDWHO\�ZHLJKHG�����PJ�RI�GHIDWWHG�JURXQG�VDPSOH�DQG�DGG�D�SLQFK�RI�FDWDO\VW�

PL[WXUH�.�62��&X62��+J2�UHG������������J�� WKHQ� WUDQVIHUUHG� LQWR� WKH�GLJHVWLRQ� IODVN��
GLJHVWLRQ�ZDV�FDUULHG�RXW�ZLWK���PO�FRQFHQWUDWHG�+�62� IRU����KU�DW���R&�WLOO�WKH�FRQWHQW�
EHFRPHV�FRORUOHVV��
���������1HXWUDOL]DWLRQ�DQG�'LVWLOODWLRQ�

'LJHVWHG� VDPSOH�ZDV� GLOXWHG� WR� WKH� ���PO� LQ� YROXPHWULF� IODVN� DQG�PDGH� ILQDO�
YROXPH� WR� ��PO� ZLWK� GRXEOH� JODVVHG� GLVWLOOHG� ZDWHU�� 7KHQ� WKH� �PO RI� DOLTXRW� ZDV�
QHXWUDOL]HG� ZLWK� ���� 1D2+� FRQWDLQLQJ� �J� RI� VRGLXP� WKLRVXOSKWDWH�� 'LVWLOODWLRQ� ZDV�
FDUULHG�DQG�OLEHUDWHG�DPPRQLD�ZDV�DEVRUEHG�LQ����ERULF�DFLG�VROXWLRQ�FRQWDLQLQJ�PHWK\O�
UHG�DV�LQGLFDWRU�
���������7LWUDWLRQ�

7KH�FROOHFWHG�DPPRQLD�ZDV�WLWUDWHG�DJDLQVW�����1�+�62�� 7LWUH�UHDGLQJ�ZDV�QRWHG��
��1LWURJHQ�ZDV�FDOFXODWHG�E\�XVLQJ�IROORZLQJ�IRUPXOD�DQG�� SURWHLQ�ZDV�FDOFXODWHG�E\�
PXOWLSO\LQJ ZLWK ���� L�H�� WKH� FRQYHUVLRQ� IDFWRU� IURP� �� 1LWURJHQ� WR� �� 3URWHLQ��
6LPXOWDQHRXVO\�D�EODQN�VDPSOH�ZDV�DOVR�FDUULHG�RXW����

&%5�[�1RUPDOLW\�RI�+�62� [�������[�'�)�
��1� � ;�����

:W��RI�VDPSOH��J��



��

:KHUH��&%5 ��6DPSOH�%XUHWWH�5HDGLQJ�± %ODQN�%XUHWWH�5HDGLQJ��

�������'HWHUPLQDWLRQ�RI�$VK�
7KH� DVK� FRQWHQW� ZDV� GHWHUPLQHG� DV� D� WRWDO� LQRUJDQLF� PDWWHU� E\� LQFLQHUDWLRQ� RI� WKH�

VDPSOHV�DW���������&�DFFRUGLQJ�WR�PHWKRG�1R��������RI�$$&&���������5HPDLQLQJ�LQRUJDQLF�
PDWHULDOV�DUH�UHGXFHG�WR�WKHLU�PRVW�VWDEOH�IRUP��R[LGHV�RU�VXOSKDWHV�DQG�DUH�FRQVLGHUHG DV�³DVK´���

3URFHGXUH�
2YHQ�GULHG���J�VDPSOH�ZDV�WDNHQ�LQ�D�SUH�ZHLJKHG�VLOLFD�FUXFLEOH�DQG�FKDUUHG�RQ�WKH�

EXUQHU�� 7KHQ� LW�ZDV� LJQLWHG� LQ� WKH�PXIIOH� IXUQDFH� DW� ��������&� IRU� ���� KRXUV� RU� WLOO� WR� JHW�
FRQVWDQW�ZHLJKW�RI�JUH\LVK�DVK��7KH�DVK�RI�VDPSOH�ZDV�FDOFXODWHG�ZLWK�WKH�IROORZLQJ�IRUPXOD��

�������'HWHUPLQDWLRQ�RI�&UXGH�)LEHU
$ERXW���WR���J�RI�PRLVWXUH�DQG�IDW�IUHH�VDPSOHV�ZHUH�ZHLJKHG�LQWR�����PO�EHDNHU�DQG�

����PO�ERLOLQJ�������1�������Z�Y��+�62� ZDV�DGGHG��7KH�PL[WXUH�ZDV�ERLOHG�IRU����PLQXWHV�
NHHSLQJ�WKH�YROXPH�FRQVWDQW�E\�DGGLWLRQ�RI�ZDWHU�DW�IUHTXHQW�LQWHUYDOV��$W�WKH�HQG�RI�WKLV�SHULRG��
WKH�PL[WXUH�ZDV�ILOWHUHG�WKURXJK�D�ILOWHU�SDSHU�DQG�WKH�UHVLGXH�ZDVKHG�ZLWK�KRW�ZDWHU�WLOO�IUHH�
IURP�DFLG��7KH�PDWHULDO� WKHQ� WUDQVIHUUHG� WR� WKH�VDPH�EHDNHU�DQG�����PO�RI�ERLOLQJ�������1�
1D2+�VROXWLRQ� DGGHG�� �$IWHU�ERLOLQJ� IRU����PLQXWHV� WKH�PL[WXUH�ZDV� ILOWHUHG� WKURXJK� ILOWHU�
SDSHU��7KH�UHVLGXH�ZDV�ZDVKHG�ZLWK�KRW�ZDWHU�WLOO�IUHH�IURP�DONDOL�IROORZHG�ZLWK�VRPH�DOFRKRO��
,W�ZDV�WKHQ�WUDQVIHUUHG�WR�FUXFLEOH�GULHG�RYHUQLJKW�DW��������&�DQG�ZHLJKHG��7KH�FUXFLEOH�ZDV�
KHDWHG�LQ�D�PXIIOH�IXUQDFH�DW��������&�IRU���KRXUV�FRROHG�DQG�ZHLJKHG�DJDLQ��7KH�GLIIHUHQFH�
LQ�WKH�ZHLJKWV�UHSUHVHQWHG�WKH�ZHLJKW�RI�WKH�FUXGH�ILEHU��$2$&���������
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�������7RWDO�&DUERK\GUDWHV�
&DUERK\GUDWHV� ZHUH� HVWLPDWHG� E\� SKHQRO� +�62� PHWKRG� �$2$&�� ������� ���� PJ� RI�

VDPSOH�ZDV�WDNHQ�LQ�FRQLFDO�IODVN�DGGHG�ZLWK���PO�RI�����6XOIXULF�DFLG��VWLUUHG�ZHOO�IRU���PLQ��
LQ�LFH�EDWK�WR�DYRLG�EXUQLQJ�RI�VDPSOH��7KHQ�WKH�YROXPH�RI�VROXWLRQ�ZDV�PDGH�XS�WR����PO�ZLWK�
GLVWLOOHG�ZDWHU��7KH�VDPSOH�ZDV�KHDWHG�LQ�ERLOLQJ�ZDWHU�EDWK�IRU���KU��XVLQJ�FRQGHQVHU��,W�ZDV�
WKHQ�ILOWHUHG�WKURXJK�:KDWPDQ�1R����ILOWHU�SDSHU�DQG�ILOWUDWH�ZDV�PDGH�XS�WR����PO��IURP�WKH�
ILOWUDWH���PO�RI�VDPSOH�ZDV�WDNHQ�IRU�FRORU�GHYHORSPHQW��$�WRWDO�FDUERK\GUDWH�ZDV�GHWHFWHG�E\�
SKHQRO�VXOIXULF�PHWKRG�DW�����QP�IURP�VWDQGDUG�FDOLEUDWLRQ�FXUYH�RI�'�JOXFRVH���

�����(VWLPDWLRQ�RI�PLQHUDOV�
0LQHUDOV�OLNH�FDOFLXP��PDJQHVLXP��SRWDVVLXP��SKRVSKRURXV�DQG�LURQ�ZHUH�GHWHUPLQHG�E\�

XVLQJ�WLWUDWLRQ�DQG�VSHFWURSKRWRPHWULF�PHWKRG��$WRPLF�$EVRUSWLRQ�6SHFWURSKRWRPHWHU��
�������3UHSDUDWLRQ�RI�PLQHUDO�VROXWLRQ�

7KH�DVK�REWDLQHG�ZDV�PRLVWHQHG�ZLWK�JODVV�GLVWLOOHG�ZDWHU��������PO��DQG�FRQFHQWUDWHG�+&O�
ZDV�DGGHG�DQG�HYDSRUDWHG�WR�GU\QHVV�RQ�D�ERLOLQJ�ZDWHU�EDWK��$JDLQ���PO�FRQFHQWUDWHG�+&O�ZDV�
DGGHG�DQG�HYDSRUDWHG�WR�GU\QHVV�DV�EHIRUH��/DVWO\���PO�RI�+&O�DQG���PO�RI�GLVWLOOHG�ZDWHU�ZHUH�
DGGHG�� 7KLV� VROXWLRQ� ZDV� ZDUPHG� RYHU� D� ERLOLQJ� ZDWHU� EDWK� DQG� ILOWHUHG� LQWR� WKH� ���� PO�
YROXPHWULF�IODVN�XVLQJ�:KDWPDQ�QR���ILOWHU�SDSHU��$IWHU�FRROLQJ�WKH�YROXPH�ZDV�PDGH�WR ����
PO�XVLQJ�GLVWLOOHG�ZDWHU�DQG�VXLWDEOH�DOLTRXWH�ZDV�XVHG�IRU�WKH�HVWLPDWLRQ�RI�FDOFLXP�DQG�LURQ��

�������'HWHUPLQDWLRQ�RI�&DOFLXP
5HDJHQWV��

�� $PPRQLXP�R[DODWH��
�� &RQF��DPPRQLD�VROXWLRQ�������Y�Y���
�� 0HWK\O�UHG�LQGLFDWRU��
�� 6XOSKXULF�DFLG���1���
�� 1�����.012� VROXWLRQ��
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���PO�PLQHUDO�VROXWLRQ�ZDV�GLOXWHG�WR����PO�ZLWK�GLVWLOOHG�ZDWHU�DQG�QHXWUDOL]HG�ZLWK�
DPPRQLD�VROXWLRQ�XVLQJ�PHWK\O�UHG�DV�LQGLFDWRU�WLOO�SLQN�FRORXU�FKDQJHV�WR�\HOORZ��)XUWKHU�WKH�
VROXWLRQ�ZDV�ERLOHG�DQG����PO�RI���SHU�FHQW�DPPRQLXP�R[DODWH�ZDV�DGGHG��7KLV�PL[WXUH�ZDV�
ERLOHG�IRU�IHZ�PLQXWHV�DQG�DGGHG�ZLWK�FRQF��JODFLDO�DFHWLF�DFLG�������SHU�FHQW��WLOO�WKH�FRORXU�
ZDV�GLVWLQFWO\�SLQN��7KH�PL[WXUH�ZDV�NHSW�DVLGH�LQ�ZDUP�SODFH��RYHUQLJKW��DQG�ZKHQ�SUHFLSLWDWH�
VHWWOHG� GRZQ�� WKH� VXSHUQDWDQW� ZDV� WHVWHG� ZLWK� D� GURS� RI� DPPRQLXP� R[DODWH� WR� HQVXUH� WKH�
FRPSOHWLRQ�RI�SUHFLSLWDWLRQ��7KH�FRQWHQWV�ZHUH�ILOWHUHG�WKURXJK�:KDWPDQ�QR���ILOWHU�SDSHU�DQG�
JLYHQ�ZDVKLQJV�RI�ZDUP�GLVWLOOHG�ZDWHU��7KH�SUHFLSLWDWH�ZDV�WUDQVIHUUHG�WR�D�EHDNHU�E\�PDNLQJ�
D�KROH�LQ�WKH�FHQWUH�RI�ILOWHU�SDSHU�DQG�E\�JLYLQJ�ZDVKLQJV�RI�VXOSKXULF�DFLG���1���PO��WZLFH��
7KHQ�WKH�VROXWLRQ�ZDV�KHDWHG�WR����&�DQG�WLWUDWHG�DJDLQVW�1�����.012���6LPXOWDQHRXVO\�D�
EODQN�ZDV�DOVR�UXQ��7KH�UHVXOWV�ZHUH�H[SUHVVHG�DV�PJ�FDOFLXP����J�VDPSOH��5DQJDQQD������������������������������������
)RUPXOD���PO�RI�����1�.0Q2�  �������PJ�&DOFLXP�
�������'HWHUPLQDWLRQ�RI�,URQ�

,URQ� FRQWHQW� ZDV� GHWHUPLQHG� E\� D�D�� GLS\ULG\O� PHWKRG� GHVFULEHG� LQ� $2$&� �������
H[DFWO\� ���PO� RI� ZHW� GLJHVWHG� VDPSOH� VROXWLRQ�ZDV� SLSHWWHG� LQWR� YROXPHWULF� IODVN� RI� ��PO�
FDSDFLW\� LQ� WULSOLFDWHV���PO�RI�K\GUR[\ODPLQH�K\GURFKORULGH�VROXWLRQ����PO�RI�DFHWDWH�EXIIHU�
VROXWLRQ�DQG���PO�RI�D�D��GLS\ULGO\�VROXWLRQ�ZHUH�DGGHG�LQWR�HDFK�YROXPHWULF�IODVN��7KH�YROXPH�
ZDV�PDGH�XS�WR����PO�ZLWK�JODVV�GLVWLOOHG�ZDWHU�DQG�WKH�FRQWHQW�ZDV�PL[HG�ZLOO��7KH�LQWHQVLW\�
RI�WKH�FRORXU�GHYHORSHG�ZDV�UHDG�LQ�VSHWURQLF����DW�����QP��,URQ�FRQWHQW�RI�WKH�GLJHVWHG�VDPSOH�
VROXWLRQ�ZDV�UHDG�IURP�WKH�VWDQGDUG�FXUYH�RI�NQRZQ�FRQFHQWUDWLRQ�RI�LURQ��
3UHSDUDWLRQ�RI�VWDQGDUG�FXUYH�

3LSHWWH������������������������������DQG�����PO�RI�)H�VWDQGDUG�VROXWLRQ�LQWR�D�VHULHV�RI����
PO�YROXPHWULF�IODVNV�DQG�DGG�WR�HDFK�RI�WKHP�H[DFWO\�����PO�RI�FRQF��+&O��'LOXWH�HDFK�RI�WKHP�
WR�H[DFWO\����PO�ZLWK�ZDWHU��DQG�WKHQ�DGG�UHDJHQWV�LQ�WKH�VDPH�ZD\�DV�IRU WKH�VDPSOH��3ORW�WKH�
TXDQWLW\�RI�)H��LQ�PJ��DJDLQVW�WKH�DEVRUEDQFH��,�&�0�5���������
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,URQ�FRQWHQW�RI�VDPSOH �PJ�)H�������J�VDPSOH�� �

4XDQWLW\�RI�)H�LQ�DOLTXRW�RI�DVK�VROXWLRQ����������7RWDO�YROXPH�RI
�IURP�FDOLEUDWLRQ�FXUYH��������������������������DVK�VROXWLRQ
$OLTXRW�RI�DVK�VROXWLRQ�WDNHQ�����������������:W��RI�WKH�VDPSOH

IRU�GHWHUPLQDWLRQ������������������������������WDNHQ� IRU�DVKLQJ

�������'HWHUPLQDWLRQ�RI�0DJQHVLXP�
0DJQHVLXP�ZDV�HVWLPDWHG�E\�FRORULPHWULF�PHWKRG��0HDVXUH����PO�RI�DVK�VROXWLRQ�LQWR�

D����PO�JUDGXDWHG�FHQWULIXJH�WXEH��$GG���GURS�RI�PHWK\O�UHG�LQGLFDWRU��1HXWUDOL]H�VROXWLRQ�ZLWK�
1+�2+�DQG�DPPRQLXP�R[DODWH�DQG�PDNH�WKH�VROXWLRQ�WR�D�YROXPH�RI����PO��0L[�DQG�DOORZ�WR�
VWDQG�RYHUQLJKW��&HQWULIXJH�IRU����PLQ��DQG�GLVFDUG�SUHFLSLWDWH��0HDVXUH���PO�RI�WKH�VXSHUQDWDQW�
OLTXLG�IURP�DERYH�LQWR�D����PO�FHQWULIXJH�WXEH��$GG���PO�RI�ZDWHU����PO�RI�DPPRQLXP�SKRVSKDWH�
DQG� ��PO� RI�1+�2+��0L[� DQG� DOORZ� VWDQGLQJ� RYHUQLJKW��&HQWULIXJH� IRU� ��PLQ�� GLVFDUG� WKH�
VXSHUQDWDQW�OLTXLG��PL[�ZLWK���PO�RI�GLOXWH�1+�2+��FHQWULIXJH�IRU���PLQ�DQG�GLVFDUG�VXSHUQDWDQW�
OLTXLG��'U\�WKH�SUHFLSLWDWH�E\�SODFLQJ�WKH�WXEH�WR�FRQWDLQHU�RI�KRW�ZDWHU��$GG���PO�RI�GLOXWH�+&O�
DQG� ��PO� RI�ZDWHU� WR� GLVVROYH� WKH� SUHFLSLWDWH��$GG� ��PO� RI�PRO\EGLF� DFLG� VROXWLRQ�� ����PO�
K\GURTXLQRQH�DQG�����PO�VRGLXP�VXOSKLWH�VROXWLRQ��0L[�DQG�DOORZ�WR�VWDQG�IRU����PLQ��7UDQVIHU�
WKH�VROXWLRQ�WR�FRORULPHWHU�WXEH�DQG�UHDG�WKH�DEVRUEDQFH�LQ�D�FRORULPHWHU�XVLQJ�D�1R�����UHG�
ILOWHU��
6HW�WKH�LQVWUXPHQW�VFDOH�DW�]HUR�ZLWK�VFDOH��5DQJDQQD����������
�������'HWHUPLQDWLRQ�RI�3RWDVVLXP�

,W�ZDV� GHWHUPLQHG�E\� XVLQJ� IODPH�SKRWRPHWULF� WHFKQLTXH��7KH� VDPSOH� IRU� SRWDVVLXP�
HVWLPDWLRQ�ZDV�GLJHVWHG�XVLQJ�+&O2� DQG�+12���7KH�����J�VDPSOH�ZDV� WDNHQ�� ,Q� WKDW����PO�
+12��ZDV� DGGHG� DQG� NHSW� RYHUQLJKW�� 1H[W� GD\�� DJDLQ� �� PO� +12��ZDV� DGGHG� DQG� VDPSOH�
GLJHVWHG� E\� ERLOLQJ� RQ� JDV� EXUQHU��%RLOLQJ� FRQWLQXHG� WLOO� FRORXU� FKDQJHV� WR� FRORXUOHVV�� 7KH�
YROXPH�GLJHVWHG�PDGH�����PO�E\�DGGLQJ�GLVWLOOHG�ZDWHU�DQG�SRWDVVLXP�ZDV�HVWLPDWHG�E\�IODPH�
SKRWRPHWHU��5DQJDQQD���������

 [ î���
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��3RWDVVLXP �5HDGLQJ��SSP��;�
������(VWLPDWLRQ�RI�SKRVSKRURXV��

,W�ZDV�GRQH�E\�VSHFWURSKRWRPHWULF�PHWKRG����PO�RI�DVK�VROXWLRQ�ZDV�REWDLQHG�E\�GU\�
DVKLQJ�� �� PO� RI� PRO\EGDWH� UHDJHQW� ZDV� DGGHG� LQWR� DVK� VROXWLRQ� DQG� PL[�� 7KHQ� �� PO� RI�
DPLQRQDSKWKRO�VXOSKRQLF�DFLG�VROXWLRQ�ZDV�PL[HG�DQG�PDGH�YROXPH�XS�WR����PO��$�VLPLODU�
EODQN�ZDV�SUHSDUHG�XVLQJ�ZDWHU�LQ�SODFH�RI�VDPSOH��7KH�VROXWLRQV�ZHUH�DOORZHG�WR�VWDQG�IRU����
PLQXWH�DQG�FRORXU�ZDV�PHDVXUHG�DW�����QP�E\�VHWWLQJ�WKH�EODQN�DW�����SHU�FHQW�WUDQVPLVVLRQ��

PJ�RI�SKRVSKRURXV�WDNHQ�LQ���������WRWDO�YROXPH�RI���
IRU�HVWLPDWLRQ������������������������[�����DVK�VROXWLRQ��������[������

3KRVSKRURXV��PJ����J�� �
PO�RI�DVK�VROXWLRQ�WDNHQ��������[����ZHLJKW�RI�VDPSOH

IRU�HVWLPDWLRQ�
�����0HWKRGRORJ\�
�������3UHSDUDWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�

)RU�WKH�SUHSDUDWLRQ RI�RDW�PLON�SRZGHU��WKH�UROOHG�RDWV�ZHUH�VRDNHG�LQ�ZDWHU�LQ�WKH�UDWLR�
RI� ������ DQG� WKH� RDWV� ZHUH� JULQGHG� WR� D� VOXUU\�� (Q]\PDWLF� K\GURO\VLV ZLWK� DQ� HQ]\PH�
FRQFHQWUDWLRQ� RI� �����PJ�NJ� RI� RDWV� XVLQJ� Į�DP\ODVH� DW� WKH� UDWH� RI� ZDV� FDUULHG� RXW� WR�
EUHDNGRZQ� WKH FRPSOH[� VWDUFKHV� LQWR� VLPSOHU� VXJDUV��7KH� VOXUU\�ZDV� ILOWHUHG� DQG�KHDWHG� WR�
GHDFWLYDWH�WKH�HQ]\PHV��7KH�SUHSDUHG�RDW�PLON�ZDV�VSUD\�GU\HG�DW�����&�ZLWK�WKH�DGGLWLRQ�RI�
PDOWRGH[WULQ DW�WKH�UDWH�RI������,Q�WKH�VDPH�ZD\��WKH�GDWHV �DIWHU�UHPRYLQJ�WKH�VHHG�DQG�FDS���
ZHUH� VRDNHG� LQ VXIILFLHQW� DPRXQW� RI KRW�ZDWHU� DQG� JURXQG�� 7KH�PL[WXUH�ZDV� VFUHHQHG� DQG�
PDOWRGH[WULQ�ZDV�DGGHG�DQG�VSUD\�GULHG��)RU�IXUWKHU�SURFHVVLQJ��WKH�VSUD\�GULHG�RDW�DQG�GDWHV�
SRZGHU�ZHUH� FRPELQHG� DQG� VWDQGDUGL]HG�� )RU� IXUWKHU� SURFHVVLQJ�� KRW� ZDWHU� ZDV� DGGHG� IRU�
UHFRQVWLWXWLRQ�WR�WKH�SUHSDUHG�576�SRZGHU�DQG�PL[HG�WKRURXJKO\��



��

�������3UHSDUDWLRQ�RI�RDW�PLON�SRZGHU�ZLWK�LQFRUSRUDWLRQ�RI�GLIIHUHQW�OHYHOV�RI�GDWHV�
SRZGHU�

6SUD\� GU\HG� RDW�PLON� SRZGHU� DQG� GDWHV� SRZGHU�ZHUH�PL[HG� LQ� YDULRXV� UDWLRV�� 6HQVRU\�
DQDO\VLV�ZDV�FDUULHG�RXW� WR�GHWHUPLQH�WKH�PRVW�DFFHSWDEOH�PLON�SRZGHU��7KH�DGGLWLRQ�RI�GDWHV�
SRZGHU�ZDV�GRQH�ZLWK�WKH�DLP�WR�LPSDUW�D�QDWXUDO�VZHHWQHVV�DQG�DOVR�WR�LQFUHDVH�WKH�QXWULWLRQDO�
YDOXH�RI�WKH�RDW�PLON��9DQLOOD�IODYRU����� ZDV�DGGHG�WR�PDVN�WKH�VWDUFK\�IODYRXU�RI�WKH�RDWV�DQG�
WR�LPSDUW�D�IUHVK�IODYRXU��$GGLWLYHV�OLNH�PDOWRGH[WULQ�ZDV�DGGHG�WR�SURYLGH�EXON�RU�ERG\�WR�WKH�
PLON�EHIRUH�VSUD\�GU\LQJ�DQG�DOVR�WR�LQFUHDVH�WKH�\LHOG�RI�PLON�SRZGHU�DIWHU�GU\LQJ���

�7��  �&RQWURO�ZLWKRXW�WKH�DGGLWLRQ�RI�GDWHV�SRZGHU
�7��  �:LWK�DGGLWLRQ�RI�����RI�GDWHV�SRZGHU
�7��  �:LWK�DGGLWLRQ�RI�����RI�GDWHV�SRZGHU
�7��  �:LWK�DGGLWLRQ�RI�����RI�GDWHV�SRZGHU
�7��  �:LWK�DGGLWLRQ�RI�����RI�GDWHV�SRZGHU
�7��  �:LWK�DGGLWLRQ�RI�����RI�GDWHV�SRZGHU

7DEOH����)RUPXODWLRQ�RI�2DW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�PL[�

6DPSOH
2DWV�

SRZGHU�
���

'DWHV�
SRZGHU
���

7�� ���� �
7�� ��� ���
7� ��� ���
7� ��� ���
7� ��� ���

7��
��� ���
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�������0HWKRGRORJ\�IRU�SUHSDUDWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV
5ROOHG�RDWV�������������������������������������������������������������������������������������������'DWHV

$GGLWLRQ�RI�ZDWHU������������������������������������������������������������������������5HPRYDO�RI�VHHG�DQG�FDS
�������RDWV�ZDWHU������������������������������������������������������������������������������������

6RDNLQJ�����&�IRU����PLQV��
2DW�VOXUU\�����������������������������������������������������������������������������������������������

:HW�JULQGLQJ
(Q]\PDWLF�K\GURO\VLV�ZLWK�DOSKD�DP\ODVH����������������������������������������������
�������PJ�NJ�RI�UROOHG�RDWV���������������������������������������������������������������6FUHHQLQJ

)LOWUDWLRQ���������������������������������������������������������������������������������������$GGLWLRQ�RI�PDOWRGH[WULQ�

2DW�PLON�������NJ�������������������������������������������������������������������������������������

6SUD\�GU\LQJ�DIWHU�DGGLWLRQ�RI�PDOWRGH[WULQ

0L[LQJ

3DFNDJLQJ

6WRUDJH
)LJ��� 3URFHVV�IORZFKDUW�IRU�SUHSDUDWLRQ�RI�RDW�PLON�SRZGHU�PL[



3ODWH�QR�����6SUD\�GU\HU
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�������6WDQGDUGL]HG�UHFLSH�IRU�WKH�SUHSDUDWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV
6SUD\�GU\HG�RDW�PLON�SRZGHU�DQG�GDWHV�SRZGHU�ZHUH�PL[HG�DQG�VWDQGDUGL]HG��7KH�RDW�PLON�

SRZGHU�ZDV�FRQVLGHUHG�DV�D�FRQWURO� VDPSOH��7KH�YDULRXV� UDWLRV�RI�RDW�PLON�SRZGHU� DQG�GDWHV�
SRZGHU�XVHG�DV�WHVW�VDPSOHV�ZHUH������������������������������������DQG����������7KH�OHYHOV�RI�
PDOWRGH[WULQ�DQG�RWKHU�DGGLWLYHV�ZHUH�NHSW�FRQVWDQW�IRU�HDFK�UDWLR��

7DEOH����)RUPXODWLRQ�RI�2DW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�PL[

6DPSOH
2DWV�
SRZGHU�
���

'DWHV�
SRZGHU
���

0DOWRGH[WULQ�
����

9DQLOOD�
)ODYRXU�
����

7�� ���� � ��� ��
7�� ��� ��� ��� ��
7� ��� ��� ��� ��
7� ��� ��� ��� ��
7� ��� ��� ��� ��

7��
��� ��� ��� ��

�7��  �&RQWURO�ZLWKRXW�WKH�DGGLWLRQ�RI�GDWHV�SRZGHU
�7��  �:LWK�DGGLWLRQ�RI�����RI�GDWHV�SRZGHU
�7��  �:LWK�DGGLWLRQ�RI�����RI�GDWHV�SRZGHU
�7��  �:LWK�DGGLWLRQ�RI�����RI�GDWHV�SRZGHU
�7��  �:LWK�DGGLWLRQ�RI�����RI�GDWHV�SRZGHU
�7��  �:LWK�DGGLWLRQ�RI�����RI�GDWHV�SRZGHU



3ODWH�QR�����)LQDO�SURGXFW

3ODWH�QR�����3UHSDUHG�SURGXFW�DIWHU�UHFRQVWLWXWLRQ�RI�VHOHFWHG�VDPSOH��7���LQ�FROG�ZDWHU



��

7DEOH����6WDQGDUGL]HG�UHFLSH�IRU�576�RDW�PLON�SRZGHU

6U��1R� ,QJUHGLHQWV 4XDQWLW\�
�� 2DWV�SRZGHU��J�� ���
�� 'DWHV�SRZGHU��J�� ���
�� 0DOWRGH[WULQ��J�� ���
�� 9DQLOOD�IODYRXU��PO�� ��

�������3UR[LPDWH�DQDO\VLV�RI�PLON�SRZGHU
&KHPLFDO�SURSHUWLHV�RI�RDW�PLON�SRZGHU��IRUWLILHG�ZLWK�GDWHV��VXFK�DV�PRLVWXUH�FRQWHQW��

IDW��SURWHLQ��FDUERK\GUDWH��DVK�FRQWHQW�DQG�PLQHUDO�FRPSRVLWLRQ�ZHUH�GHWHUPLQHG�DV�GHVFULEHG�
HDUOLHU��

�����6HQVRU\�HYDOXDWLRQ�RI�SUHSDUHG�SURGXFW��
6HQVRU\�HYDOXDWLRQ�KDV� EHHQ�GHILQHG� DV� D� VFLHQWLILF�PHWKRG�XVHG� WR� HYRNH��PHDVXUH��

DQDO\]HG�DQG� LQWHUSUHW� WKRVH�UHVSRQVHV� WR�SURGXFWV�DV�SHUFHLYHG� WKURXJK� WKH�VHQVHV�RI�VLJKW��
VPHOO�� WRXFK�� WDVWH� DQG� KHDULQJ�� 3UHSDUHG� PLON� SRZGHU� ZDV UHFRQVWLWXWHG� LQ� KRW� ZDWHU� DQG
HYDOXDWHG�IRU�VHQVRU\�FKDUDFWHULVWLFV�OLNH�FRORU��IODYRU��WDVWH��DQG�RYHUDOO�DFFHSWDELOLW\�E\�D�SDQHO�
RI�VHPL�WUDLQHG�MXGJHV��FRPSULVHG�RI�GRFWRUDO VWXGHQWV�DQG�DFDGHPLF�VWDII�PHPEHUV�RI�&ROOHJH�
RI� )RRG� 7HFKQRORJ\�� 9�1�0�.�9��� 3DUEKDQL�� 6DPSOHV� ZHUH� VFRUHG� EDVHG� RQ� D� QLQH� SRLQW�
KHGRQLF� VFDOH�� -XGJHV� ZHUH� DVNHG� WR� UDWH� WKH� SURGXFW� RQ� �� SRLQW� +HGRQLF� VFDOH� ZLWK�
FRUUHVSRQGLQJ�GHVFULSWLYH�WHUPV�UDQJLQJ�IURP���WR���DV�µOLNH�H[WUHPHO\¶�WR�µGLVOLNH�H[WUHPHO\¶�
�0HLOJDDUG�HW�DO�� �������
�6HQVRU\�VFRUH�FDUG�LV�JLYHQ�LQ�$SSHQGL[� ,��

�������0LFURELDO�DQDO\VLV�RI�RDW�PLON�DQG�PLON�SRZGHU�ZLWK�GDWHV�
0LFURELDO� DQDO\VLV� LV� WKH� SHUIHFW� TXDOLW\� DVVHVVPHQW� SURWRFRO� SHUIRUPHG� LQ� IRRG�

SURGXFWV�� 7KHVH� SURGXFWV� SRVH� WKH� KLJKHVW� IRRG� VDIHW\� ULVN� DQG KDYH� WKH� VKRUWHVW� VKHOI� OLIH�
EHFDXVH�WKH\�DUH�WKH�PRVW�VXVFHSWLEOH�WR�PLFURELRORJLFDO�GHWHULRUDWLRQ�DQG�WKH�SRVVLELOLW\�RI�WKH�
JURZWK�RI�SDWKRJHQLF�RUJDQLVPV��7KH�UHVXOWV�REWDLQHG�IRU�HDFK�FRXQW�ZDV�UHFRUGHG�DV�FRORQ\�



��

IRUPLQJ�XQLW�SHU�PO�RI�VDPSOH�L�H��FIX�PO��2QH�JUDP�RI�HDFK�VDPSOH�ZDV�WDNHQ��LQ�WR�WKLV���PO�
RI������VDOLQH�ZDV�DGGHG�DQG�WKHQ�IXUWKHU�GLOXWHG�WR�IRXU�IROGV����PO�RI�HDFK�DSSURSULDWH�VROXWLRQ�
ZDV�SODWHG�LQ�UHTXLUHG�PHGLXP��1XWULHQW�DJDU�PHGLD�DQG�SRWDWR�GH[WURVH�DJDU�PHGLD��DQG�WKHQ�
LQFXEDWLRQ�ZDV�FDUULHG�RXW��,Q�HDFK�FRXQW�DIWHU�LQFXEDWLRQ��WKH�DYHUDJH�FRXQW�RI�FRORQLHV�SUHVHQW�
RQ�SHWULSODWHV�ZHUH�PXOWLSOLHG�E\�GLOXWLRQ�IDFWRU�DQG�H[SUHVVHG�DV�FIX��FRORQ\�IRUPLQJ�XQLW��J�
RI�VDPSOH���
�������� 7RWDO�3ODWH�&RXQW�

0LFURELDO�DQDO\VLV�ZDV�GRQH�WR�GHWHUPLQH�WRWDO�SODWH�FRXQW��73&��RI�WKH�VDPSOHV�RQ�WKH�
QXWULHQW� DJDU�PHGLD� IRU� EDFWHULDO� FRXQW� E\� WKH�PHWKRG� UHFRPPHQGHG� E\� 5DQJDQQD� ��������
1XWULHQW�DJDU�PHGLD�ZDV�SUHSDUHG�DQG� WKH�VDPSOHV�ZHUH�VHULDOO\�GLOXWHG�XS� WR������GLOXWLRQ�
IDFWRU����J�RI�WKH�VDPSOHV��VXVSHQGHG�LQ�VDOLQH�VROXWLRQ��ZDV�WUDQVIHUUHG�WR�WKH�UHVSHFWLYH�SHWUL�
GLVKHV�RI�QXWULHQW�DJDU�PHGLD��7KUHH� UHSOLFDWHV�ZHUH� WDNHQ�IRU�HDFK�GLOXWLRQ��7KH� LQRFXODWHG�
SHWUL�GLVKHV�ZHUH�LQFXEDWHG�IRU����KRXUV�DW�������&�DQG�WRWDO�FRORQLHV�ZHUH�FDOFXODWHG�E\�WKH�
IROORZLQJ�IRUPXOD���

73&��&)8�P/�� ����1R��RI�FRORQLHV�[�GLOXWLRQ�IDFWRU
���������<HDVW�DQG�PROG�FRXQW�

0LFURELDO�DQDO\VLV�ZDV�GRQH�WR�GHWHUPLQH�WRWDO�\HDVW�DQG�PROG�FRXQW�RI�WKH�VDPSOHV�RQ�
WKH� SRWDWR� GH[WURVH� DJDU�PHGLD� IRU� \HDVW� DQG�PROG� FRXQW� E\� WKH�PHWKRG� UHFRPPHQGHG� E\�
5DQJDQQD� �������� 3RWDWR� GH[WURVH� DJDU�PHGLD� ZDV� SUHSDUHG� DQG� WKH� VDPSOHV� ZHUH� VHULDOO\�
GLOXWHG� XS� WR� ����� GLOXWLRQ� IDFWRU�� �J� RI� WKH� VDPSOHV�� VXVSHQGHG� LQ� VDOLQH� VROXWLRQ�� ZDV�
WUDQVIHUUHG�WR�WKH�UHVSHFWLYH�SHWUL�GLVKHV�RI�SRWDWR�GH[WURVH�DJDU�PHGLD��7KUHH�UHSOLFDWHV�ZHUH�
WDNHQ�IRU�HDFK�GLOXWLRQ��7KH�LQRFXODWHG�SHWUL�GLVKHV�ZHUH�LQFXEDWHG�LQ�D�LQFXEDWRU�IRU����KRXUV�
DW�������&�IRU�FRXQWLQJ�RI�\HDVW�DQG�PROG��
���������&ROLIRUP�FRXQW�

7KH�&ROLIRUP�EDVLFDOO\�(��FROL DUH� WKH� LQGLFDWRU�PLFUREHV�RI�ZDWHU�FRQWDPLQDWLRQ�E\�
IDHFHV�DQG�WKHUHIRUH�LW�LV�PDQGDWRU\�WR�H[DPLQH�WKH�FRQWDPLQDWLRQ��7KH�&ROLIRUP�JLYHV�UHG�SLQN�
FRORQLHV�RQ�9LROHW�5HG�%LOH��95%��DJDU�GXULQJ�DQDO\VLV��
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8VLQJ�WKH�SRXU�SODWH WHFKQLTXH��DSSURSULDWHO\�����PO�DOLTXRWV�ZDV�WDNHQ�LQ�GXSOLFDWH�SODWHV�
DQG�WHPSHUHG�95%�DJDU�ZDV�DGGHG��7KH�DJDU�ZDV�DOORZHG�WR�VROLGLI\�DQG�WKHQ�RYHUOD\�RI�DERXW���
PO�RI�95%�DJDU�ZDV�DGGHG��$OORZ�DJDU�WR�VROLGLI\��3ODWHV�ZHUH�LQYHUWHG�DQG�LQFXEDWHG�DW����&�IRU�
���KRXUV��5HG�FRORQLHV�VXUURXQGHG�E\�D�]RQH�RI�SUHFLSLWDWH�DQG�UHSRUW�DV�³SUHVXPSWLYH�FROLIRUPV�
FIX�PO��
�����6KHOI�OLIH VWXG\�RI�576�PLON�SRZGHU�PL[��

7KH� SUHSDUHG� 576� PLON� SRZGHU� PL[� ZDV� VXEMHFWHG� WR� VWRUDJH� DW� DPELHQW� FRQGLWLRQ��
6DPSOHV� ZHUH� WDNHQ� DW� VSHFLILF� WLPH� LQWHUYDO� IRU� ��� GD\V� DQG� XS� WR� �� PRQWKV� WR� HYDOXDWH�
RUJDQROHSWLF�DQG�FKHPLFDO�FKDUDFWHULVWLFV�DW�UHJXODU�WLPH�LQWHUYDOV��

�����0HDVXUHPHQW�RI�WKHRUHWLFDO�HQHUJ\�YDOXH��
(QHUJ\�YDOXH�LV�GHWHUPLQHG�WKHRUHWLFDOO\�E\�XVLQJ�YDOXHV�RI�FUXGH�SURWHLQ��FUXGH�IDW�DQG�

WRWDO�FDUERK\GUDWH�FRQWHQW�RI�VDPSOH�DQG�FRQVLGHULQJ�WKDW���J�RI�SURWHLQ�\LHOGV���.FDO�HQHUJ\��
��J�RI�IDW�\LHOGV���.FDO�HQHUJ\�DQG���J�FDUERK\GUDWHV�\LHOGV���.FDO�HQHUJ\��*RSDODQ�HW�DO��
�������7RWDO� HQHUJ\�YDOXH� LQ�.FDO� LV� FDOFXODWHG�E\�DGGLQJ�DERYH� WKUHH�HQHUJ\�YDOXHV�ZKLFK�
JLYHV�HQHUJ\�YDOXH�SHU�����J�RI�VDPSOH���

�����$VVHVVPHQW�RI�WHFKQR�HFRQRPLFDO�IHDVLELOLW\�RI�SUHSDUHG�SURGXFW��
$VVHVVPHQW�RI�WHFKQR�HFRQRPLFDO�IHDVLELOLW\�IRU�SURGXFWLRQ�RI�576�PLON�SRZGHU�PL[�ZDV�

FDUULHG�RXW��7KH�FRVW�RI�SURGXFWLRQ�RI�PRVW�DFFHSWDEOH�PL[�ZDV�FDOFXODWHG�E\�FRQVLGHULQJ�WKH�
FXUUHQW�SULFHV�RI�UDZ�PDWHULDOV�IURP�ORFDO�PDUNHW�LQFOXGLQJ�WKH�SURFHVVLQJ�DQG�SDFNDJLQJ�FRVW��
7KH� SURFHVVLQJ� FRVW� ZDV� FRQVLGHUHG� ���� RI� WKH� UDZ� PDWHULDO� FRVW�� 7KH� ILQDO� FRVW� ZDV
FDOFXODWHG�SHU�NJ�RI�ILQDO�SURGXFW��

������6WDWLVWLFDO�DQDO\VLV�
$OO�SURFHVVLQJ�HTXLSPHQWV�DQG�DQDO\VLV�RI� VDPSOHV�ZHUH� UXQ� LQ� WULSOLFDWH��$QDO\VLV�RI�

YDULDQFH�ZDV� FDOFXODWHG� XVLQJ� VWDQGDUG�$129$�SURFHGXUH��7KH�GDWD�REWDLQHG� IRU�YDULRXV�
WUHDWPHQWV�ZDV�UHFRUGHG�DQG�VWDWLVWLFDOO\�DQDO\]HG�E\�FRPSOHWH�UDQGRPL]HG�GHVLJQ��&5'��WR�
ILQG�RXW�WKH�OHYHO�RI�VLJQLILFDQFH�DV�SHU�WKH�PHWKRG�SURSRVHG�E\�3DQVH�DQG�6XNKDWPH����������
7KH�DQDO\VLV�RI�YDULDQFH�UHYHDOHG�DW�VLJQLILFDQFH�DW�3�������OHYHO��7KH�VWDQGDUG�HUURU��6(��DQG�
FULWLFDO�GLIIHUHQFH��&'��DW�����OHYHO�ZHUH�PHQWLRQHG�ZKHUH�UHTXLUHG��
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&KDSWHU�� ,9��
5(68/76�$1'�',6&866,21�

7KH�SUHVHQW�LQYHVWLJDWLRQ�HQWLWOHG�³6WXGLHV�RQ�GHYHORSPHQW�RI�YHJDQ�PLON�SRZGHU��RDW�
PLON�SRZGHU��IRUWLILHG�ZLWK�GDWHV´�ZDV�FDUULHG�RXW�LQ�WKH�'HSDUWPHQW�RI�)RRG�&KHPLVWU\�DQG�
1XWULWLRQ��ZLWK�FROODERUDWLRQ�RI�'HSDUWPHQW�RI�)RRG�3URFHVV�7HFKQRORJ\��'HSDUWPHQW�RI�)RRG�
(QJLQHHULQJ�DQG�'HSDUWPHQW�RI�)RRG�0LFURELRORJ\�DQG�6DIHW\��1LFKH�/DERUDWRU\��&ROOHJH�RI�
)RRG� 7HFKQRORJ\�� DQG� 'HSDUWPHQW� RI� 6RLO� 6FLHQFH�� &ROOHJH� RI� $JULFXOWXUH�� 9�1�0�.�9���
3DUEKDQL�GXULQJ� WKH�DFDGHPLF�\HDU��������� 6LQFHUH� HIIRUWV�ZHUH�PDGH� WR�GHYHORS�RDW�PLON�
SRZGHU�ZLWK�IRUWLILFDWLRQ�RI�GDWHV�SRZGHU��

7KH� SXUSRVH� EHKLQG� WKLV� UHVHDUFK� SURMHFW� LV� WR� SUHSDUH� D� FRQYHQLHQW� IXQFWLRQDO� IRRG�
SURGXFW��ZKLFK�LV�KLJK�LQ�QXWULWLRQ�DQG�WR�SURYLGH�D�PLON�VRXFH�ZKLFK�FDQ�EH�VWRUHG�IRU�D�ORQJ�
WLPH�DQG�GHDO�ZLWK�LVVXHV�OLNH�ODFWRVH�LQWROHUDQFH DQG�K\SHUFKRORHVWHUROHPLD�DW�WKH�VDPH�WLPH��
7R�EHFRPH�YDOXHDGGHG�SURGXFWV��WKH�YDOXH�RI�RDW�PLON�SRZGHU�PXVW�EH�LQFUHDVHG�WKURXJK�WKH�
DGGLWLRQ�RI�GDWHV�SRZGHU�ZKLFK�PDNHV�LW�KLJKO\�QXWULWLRXV�DQG�PRUH�DSSHDOLQJ�WR�WKH�FRQVXPHUV���

3K\VLFDO��FKHPLFDO�DQG�WH[WXUDO�DWWULEXWHV�ZHUH�HYDOXDWHG��7KH�PLFURELDO�TXDOLW\�RI�WKH�
SURGXFW� XQGHU� DPELHQW� FRQGLWLRQV�ZDV� HYDOXDWHG�� 7KH� HQHUJ\� YDOXH� DQG� WHFKQR�HFRQRPLFDO�
IHDVLELOLW\�RI� WKH�GHYHORSHG�PLON�SRZGHU�PL[�ZDV�DOVR�VWXGLHG��5HVXOWV�REWDLQHG�GXULQJ� WKLV�
LQYHVWLJDWLRQ DUH�SUHVHQWHG�DQG�GLVFXVVHG�ZLWK� UHVSHFW� WR�H[SHULPHQWDO�GDWD�REWDLQHG�GXULQJ�
FRXUVH� RI� VWXG\� DQG� UHOHYDQW� LQIRUPDWLRQ� DYDLODEOH� LQ� VFLHQWLILF� OLWHUDWXUH� XQGHU� VXEVHTXHQW�
IROORZLQJ��KHDGLQJV�DQG�VXE�KHDGLQJV���
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�����3K\VLFDO�SURSHUWLHV�RI�RDWV�
�����3K\VLFDO�SURSHUWLHV�RI�GDWHV�
�����3UR[LPDWH�FRPSRVLWLRQ�RI�RDWV�
�����3UR[LPDWH�FRPSRVLWLRQ�RI�GDWHV��
������0LQHUDO�FRPSRVLWLRQ�RI�RDWV�
�����0LQHUDO�FRPSRVLWLRQ�RI�GDWHV�
�����<LHOG�DQDO\VLV�RI�RDW�PLON�
�����3K\VLFDO�SURSHUWLHV�RI�RDW�PLON�SRZGHU�
�����3UR[LPDWH�FRPSRVLWLRQ�RI�RDW�PLON�SRZGHU�
������3K\VLFDO�SURSHUWLHV�RI�VSUD\�GU\HG�GDWHV�SRZGHU��
������3UR[LPDWH�FRPSRVLWLRQ�RI�VSUD\�GU\HG�GDWHV�SRZGHU�
������2UJDQROHSWLF�HYDOXDWLRQ�RI�WKH�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�PL[
������3K\VLFDO�SURSHUWLHV�RI�WKH�SUHSDUHG�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV��7���
������3UR[LPDWH�FRPSRVLWLRQ�RI�WKH�SUHSDUHG�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV��7���
������0LQHUDO�FRPSRVLWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV��7���
������0LFURELDO� ORDG�RI�VHOHFWHG�VDPSOH�RI� WKH�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�� �7���RQ�
VWRUDJH�DW�DPELHQW�WHPSHUDWXUH�����&���
������6KHOI�OLIH�VWXG\�RI�RDW�PLON�SRZGHU�PL[�ZLWK�UHVSHFW�WR�SDFNDJLQJ�PDWHULDO��
������7RWDO�HQHUJ\�YDOXH�RI�WKH�RDW�PLON�SRZGHU��FRQWURO��DQG�WKH�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�
GDWHV��7���
������7HFKQR�HFRQRPLFDO�IHDVLELOLW\�RI�WKH�SUHSDUHG�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV��

��� 3K\VLFDO�SURSHUWLHV�RI�RDWV�
7KH� SK\VLFRFKHPLFDO� FKDUDFWHULVWLFV� RI� UDZ�PDWHULDO� VLJQLILFDQWO\� DIIHFW� WKH� TXDOLW\� RI�

ILQLVKHG�SURGXFW��$QG�KHQFH�LW�LV�LPSHUDWLYH�WR�WDNH�WKHVH�SURSHUWLHV�LQWR�FRQVLGHUDWLRQ�EHIRUH�
SURFHVVLQJ� LQWR� ILQDO� SURGXFW�� 'XULQJ� WKH� SUHVHQW� LQYHVWLJDWLRQ�� UROOHG� RDWV� ZHUH� VHOHFWHG�
NHHSLQJ�WKH�SURGXFW�\LHOG�DQG�WH[WXUDO�SURSHUWLHV�LQ�PLQG��5ROOHG�RDWV�ZHUH�DOVR�VHOHFWHG�ZLWK�
UHVSHFW�WR�LWV�SK\VLFRFKHPLFDO�FKDUDFWHULVWLFV��7KH�SK\VLFDO�SDUDPHWHUV RI�RDWV�DUH�GHSLFWHG�LQ�
7DEOH�����



��

7DEOH��� 3K\VLFDO�SURSHUWLHV�RI�RDWV�
3K\VLFDO�3DUDPHWHUV 2EVHUYDWLRQV

�����.HUQHO�ZHLJKW��JPV� ������
%XON�GHQVLW\��JP�FPñ� ������
7UXH�GHQVLW\��JP�FPñ� �����
3RURVLW\���� ������
$QJOH�RI�UHSRVH ����ஈ�


(DFK�YDOXH�UHSUHVHQWV�WKH�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV�

'DWD�IURP�7DEOH�� VKRZHG�WKDW�WKH�DYHUDJH������.HUQHO�ZHLJKW�ZDV�������JPV��
%XON�GHQVLW\�RI�RDWV�ZDV�IRXQG�WR�EH�������JP�FPñ�ZKHUHDV�WUXH�GHQVLW\�ZDV������JP�FPñ��
3RURVLW\�RI�UROOHG�RDWV�ZDV�UHFRUGHG�WR�EH�������SHU�FHQW��ZKHUHDV�$QJOH�RI�UHSRVH�ZDV�
����ஈ�IRU�RDWV��7KH�UHVXOWV�RI�SK\VLFDO�SURSHUWLHV�RI�RDWV�DUH�LQ�DFFRUGDQFH�ZLWK�6DQGKX�.��
HW�DO����������DQG�6RODQNL�HW�DO�����������

�����3K\VLFDO�SURSHUWLHV�RI�GDWHV�
3K\VLFDO� FKDUDFWHULVWLFV� RI� GDWHV� SOD\� D� YHU\� LPSRUWDQW� UROH� LQ� WKH� VSUD\� GU\LQJ�

WHFKQRORJ\�IRU�WKH�GHYHORSPHQW�RI�WKH�SURGXFW��



��

7DEOH����3K\VLFDO�SURSHUWLHV�RI�GDWHV�
3K\VLFDO�3DUDPHWHUV 2EVHUYDWLRQV

/HQJWK��PP� ������
:LGWK��PP� ������
%XON�GHQVLW\��JP�FPñ� �����
7UXH�GHQVLW\��JP�FPñ�� �����
/HQJWK�:LGWK�UDWLR �������
&RORU� 'DUN�EURZQ�
����IUXLWV�ZHLJKW��JPV�� �������


(DFK�YDOXH�UHSUHVHQWV�WKH�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV��

7KH�GDWD�IURP�WKH�7DEOH�� VKRZV�WKDW�WKH�OHQJWK�RI�WKH�GDWH�RQ�DQ�DYHUDJH��ZDV������PP��
ZLGWK�RI�WKH�GDWH�IUXLW�ZDV������PP��LWV�EXON�GHQVLW\�ZDV����� JP�FPñ��WUXH�GHQVLW\�ZDV������
JP�FPñ��ZKHUHDV�WKH�OHJWK�ZLGWK�UDWLR�ZDV���������WKH\�ZHUH�GDUN�EURZQ�LQ�FRORU�DQG�ZHLJKHG�
�������JPV�IRU�D�����GDWHV��7KH�SK\VLFDO�SURSHUWLHV�RI� WKH�GDWHV�ZHUH�FDOFXODWHG�ZKHUH� WKH�
YDOXHV�ZHUH� IRXQG� WR� EH� VLPLODU�ZLWK� WKH� UHVXOWV� UHSRUWHG� E\� -DKURPL�0�� HW�DO��� ������� DQG�
0DKDZDU�0.��HW�DO������������

�����3UR[LPDWH�FRPSRVLWLRQ�RI�RDWV�
7KH�FKHPLFDO�FRPSRVLWLRQ�RI�RDWV�ZDV�FDUULHG�RXW�DQG�WKH�UHVXOWV�REWDLQHG�DUH�WDEXODWHG�

LQ�7DEOH����



��

7DEOH����&KHPLFDO�FRPSRVLWLRQ�RI�2DWV
&KHPLFDO�3DUDPHWHUV 2EVHUYDWLRQV

0RLVWXUH���� �����
$VK���� �����

7RWDO�FDUERK\GUDWHV���� ������
&UXGH�3URWHLQ���� ������
&UXGH�)DW���� �����
7RWDO�ILEHU����� ������

7KH�SUR[LPDWH�FRPSRVLWLRQ�RI�WKH�RDW�JUDLQV�ZHUH�VWXGLHG��ZKLFK�LV�WKH�PDLQ�LQJUHGLHQW�
LQ�WKH�SUHSDUDWLRQ�RI�RDW�PLON�SRZGHU��7KH�JUDLQ�KDV�EHHQ�DQDO\]HG�IRU�WKH�YDULRXV�FRQVWLWXHQWV�
OLNH�PRLVWXUH�� SURWHLQ�� FDUERK\GUDWHV�� IDW�� DVK� HWF��$FFRUGLQJ� WR� 7DEOH� ��� WKH� UHVXOWV� RI� WKH�
DQDO\VLV�VKRZHG�WKDW�WKH�FRQWHQW�RI�PRLVWXUH�LQ�WKH�RDWV�ZDV���������DVK�FRQWHQW�ZDV�DERXW�
�����SHU�FHQW��WRWDO�FDUERK\GUDWHV�UDQJHG�DERXW�������SHU�FHQW��WKH�FUXGH�SURWHLQ�FRQWHQW�ZDV�
������SHU�FHQW��FUXGH�IDW�FRQWHQW�ZDV������SHU�FHQW�DQG�WKH�WRWDO�ILEHU�FRQWHQW�ZDV�DURXQG�������
SHU�FHQW��7KH�UHVXOWV�ZHUH�FRPSDUHG�DQG�ZHUH�IRXQG�LQ�DJUHHPHQW�ZLWK�6WHUQD�9�HW�DO����������
DQG�5DVDQH�3�HW�DO�����������

�����3UR[LPDWH�FRPSRVLWLRQ�RI�GDWHV�
7KH�FKHPLFDO�FRPSRVLWLRQ�RI�GDWHV�ZHUH�DQDO\VHG�DQG�DUH�WDEXODWHG�LQ�7DEOH����

7DEOH����&KHPLFDO�FRPSRVLWLRQ�RI�'DWHV
&KHPLFDO�3DUDPHWHUV 2EVHUYDWLRQV

0RLVWXUH���� ������
$VK���� �����

7RWDO�FDUERK\GUDWHV���� ������
&UXGH�3URWHLQ���� �����
&UXGH�)DW���� �����
7RWDO�ILEHU����� �����


(DFK�YDOXH�UHSUHVHQWV�WKH�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV��



��

7DEOH� � UHYHDOHG� WKH� SUR[LPDWH� FRPSRVLWLRQ� RI� GDWHV�� ZKLFK� DUH� XVHG� DV� SDUWLDO�
UHSODFHPHQW�LQ�WKH�SUHSDUDWLRQ�RI�RDW�PLON�SRZGHU��'DWD�LQ�WKH�WDEOH�UHYHDOHG�WKDW�WKH�PRLVWXUH�
FRQWHQW�RI�GDWHV�ZDV�IRXQG�WR�EH�������SHU�FHQW��ZKHUHDV�FDUERK\GUDWH�FRQWHQW�IRXQG�WR�EH�������
SHU�FHQW��,W�LV�QRWHG�WKDW�WKH�SURWHLQ�FRQWHQW�ZDV�PRGHUDWH�LQ�FRQFHQWUDWLRQ�L�H�������SHU�FHQW��
'DWHV�FRQWDLQV�IDW�FRQWHQW�RI������SHU�FHQW��$VK�FRQWHQW�RI�GDWHV�ZDV�IXUWKHU�H[DPLQHG�IRU�WKH�
PLQHUDO� DQDO\VLV��$VK�FRQWHQW� LQ� WKH�GDWHV�ZDV� IRXQG� WR� EH������SHU� FHQW�ZKHUHDV� WKH� ILEHU�
FRQWHQW�ZDV������SHU�FHQW��3UR[LPDWH�FRPSRVLWLRQ�RI�GDWHV�ZDV�DQDO\]HG�DQG�ZDV�IRXQG�WR�EH�
LQ� DFFRUGDQFH�ZLWK�$KPHG� -� HW�DO��� �������� 3DUYLQ� 6� HW�DO��� �������� DQG�+XVVHLQ�$0� HW�DO���
���������

�����0LQHUDO�FRPSRVLWLRQ�RI�RDWV�
7KH� PLQHUDO� FRPSRVLWLRQ� RI� RDWV� ZHUH� DQDO\VHG�� 0LQHUDOV� OLNH� FDOFLXP�� PDJQHVLXP��

SKRVSKRURXV��LURQ�DQG�SRWDVVLXP�ZHUH�HYDOXDWHG�DQG�WDEXODWHG�LQ�7DEOH����

7DEOH����0LQHUDO�FRPSRVLWLRQ�RI�2DWV
0LQHUDOV 2EVHUYDWLRQV

�PJ����J�
&DOFLXP ������

3KRVSKRUXV �������
0DJQHVLXP ����

,URQ �����
3RWDVVLXP� ����


(DFK�YDOXH�LV�DQ�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV�

7KH�GDWD�UHJDUGLQJ�FDOFLXP��SKRVSKRUXV��PDJQHVLXP��LURQ�DQG�SRWDVVLXP�FRQWHQW�RI�
RDWV� LV� GHSLFWHG� LQ� 7DEOH� ��� 7KH� FRQFHQWUDWLRQ� RI� FDOFLXP� ZDV� UHFRUGHG� WR� EH�
�����PJ����J�� RDW� ZDV� REVHUYHG� WR� KDYH� ������PJ����J� RI� SKRVSKRUXV�� ZKHUHDV�
���PJ����J�RI�PDJQHVLXP�DQG�����PJ����J�RI�LURQ�ZDV�IRXQG�LQ�RDWV��7KH�SRWDVVLXP�



��

FRQWHQW�ZDV�REVHUYHG�WR�EH����PJ����J��7KH�UHVXOWV�DUH�VLPLODU�WR�WKH�ILQGLQJV�TXRWHG�E\�
&KDYDQ�DQG�.DGDP���������+X�HW�DO����������DQG�<RXVVHI�HW�DO������������

�����0LQHUDO�FRPSRVLWLRQ�RI�GDWHV�
7KH� GDWD� SHUWDLQLQJ� WR� WKH� HVVHQWLDO�PLQHUDO� FRQWHQW� RI� GDWHV� L�H�� FDOFLXP�� SKRVSKRUXV��

PDJQHVLXP��LURQ�DQG�SRWDVVLXP�LV�UHFRUGHG�LQ�WKH�7DEOH����

7DEOH����0LQHUDO�FRPSRVLWLRQ�RI�'DWHV
0LQHUDOV 2EVHUYDWLRQV

�PJ����J�
&DOFLXP �����

3KRVSKRUXV �����
0DJQHVLXP �����

,URQ �����
3RWDVVLXP� ����


(DFK�YDOXH�LV�DQ�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV

7KH�GDWD�UHJDUGLQJ�FDOFLXP��SKRVSKRUXV��PDJQHVLXP��LURQ�DQG�SRWDVVLXP�FRQWHQW RI�
GDWHV� LV� GHSLFWHG� LQ� 7DEOH� ��� 7KH� FRQFHQWUDWLRQ� RI� FDOFLXP� ZDV� UHFRUGHG� WR� EH�
����PJ����J�� GDWHV� ZDV� REVHUYHG� WR� KDYH� ����PJ����J� RI� SKRVSKRUXV�� ZKHUHDV�
����PJ����J�RI�PDJQHVLXP�DQG�����PJ����J�RI�LURQ�ZDV�IRXQG�LQ�GDWHV��7KH�SRWDVVLXP�
FRQWHQW�ZDV�FRQVLGHUDEO\�KLJK�DQG�ZDV�REVHUYHG�WR�EH����PJ����J��7KH�UHVXOWV�DUH�PRUH�
RU�OHVV�VLPLODU�WR�WKH�ILQGLQJV�TXRWHG�E\�(O�6RKDLP\�6�$��DQG�+DIH]�(�(�HW�DO�����������
$KPHG�-�HW�DO����������DQG�+XVVHLQ�$0�HW�DO�����������



��

�����<LHOG�DQDO\VLV�RI�RDW�PLON�
7KH�VHOHFWHG�RDWV��DIWHU�SUHOLPLQDU\�RSHUDWLRQV�RI�FOHDQLQJ��VRUWLQJ�HWF��ZDV�VXEMHFWHG�

WR� VRDNLQJ� IRU�YDULHG�GXUDWLRQV� L�H�� IRU���KRXU����KRXUV�DQG���KRXUV��$IWHU� WKH�VRDNLQJ�
SHULRG��WKH�RDWV�ZHUH�JULQGHG�DQG�WKH�VOXUU\�ZDV�ILOWHUHG��7KH�\LHOG�DQDO\VLV�RI�RDW�PLON�
ZDV�FDUULHG�RXW�ZLWK�UHVSHFW�WR�WKH�DPRXQW�RI�RDW�PLON�REWDLQHG�DIWHU�WKH�VRDNLQJ�SHULRG�
DQG�EHWWHU�UHVXOWV�LQ�WHUPV�RI�S+��7KH�\LHOG�RI�RDW�PLON�E\�YDU\LQJ�WKH�VRDNLQJ�GXUDWLRQ�RI�
WKH�RDWV�LV�WDEXODWHG�LQ�7DEOH�����
7DEOH�����<LHOG�DQDO\VLV�RI�RDW�PLON�GHSHQGLQJ�XSRQ�VRDNLQJ�GXUDWLRQ�
6U��1R�� 3DUDPHWHUV� ��KRXU� ��KRXUV� ��KRXUV�

���� <LHOG��PO��� ������� ������� �������
���� S+�� ������� ������� �������

$FFRUGLQJ�WR�7DEOH�����LW�LV�REVHUYHG�WKDW�RDWV�VRDNHG�IRU���KRXU�KDG�D�\LHOG�RI�
�����PO��S+�RI��������:KHUHDV��WKH�RDWV�VRDNHG�IRU���KRXUV�KDG�D�\LHOG�RI������PO��S+�
RI��������6RDNLQJ�GXUDWLRQ�RI���KRXUV�KDG�DQ�RDW�PLON�\LHOG�RI������PO��S+�RI�������

�����3K\VLFDO�SURSHUWLHV�RI�VSUD\�GU\HG�RDW�PLON�SRZGHU�
$IWHU�WKH�VSUD\�GU\LQJ�RI�WKH�RDW�PLON��WKH�SK\VLFDO�SDUDPHWHUV�RI�WKH�SRZGHU�L�H��LWV�

\LHOG��EXON�GHQVLW\��ZHWWDELOLW\�DQG�VROXELOLW\�ZHUH�PHDVXUHG��7KH�UHVXOWV�RI�WKH�VDPH�DUH�
WDEXODWHG�LQ�7DEOH�����



��

7DEOH�����3K\VLFDO�SURSHUWLHV�RI�RDW�PLON�SRZGHU

3DUDPHWHUV 2EVHUYDWLRQV�

<LHOG� �������
%XON�GHQVLW\� �����JP�FP���
6ROXELOLW\� ����
:HWWDELOLW\� ���VHFV�


(DFK�YDOXH�LV�DQ�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV

7KH�\LHOG�RI�WKH�RDW�PLON�SRZGHU�ZDV�DERXW���������:KHUHDV�WKH�EXON�GHQVLW\�RI�WKH�VDPH�
ZDV������JP�FP����VROXELOLW\� LQGH[�ZDV����SHU�FHQW�� WKH�ZHWWDELOLW\�GXUDWLRQ ZDV����VHFV�DV�
JLYHQ�LQ�7DEOH�����

�����3UR[LPDWH�FRPSRVLWLRQ�RI�RDW�PLON�SRZGHU�
7KH�SUR[LPDWH�FRPSRVLWLRQ�RI�RDW�PLON�SRZGHU�ZDV�HYDOXDWHG�DQG�WDEXODWHG�LQ�7DEOH�����



��

7DEOH�����&KHPLFDO�FRPSRVLWLRQ�RI�RDW�PLON�SRZGHU
3DUDPHWHUV 2EVHUYDWLRQV�

���
0RLVWXUH� �����
$VK� �����
&UXGH�SURWHLQ� �����
&UXGH�IDW� �����
)LEHU� ������
&DUERK\GUDWHV� ������


(DFK�YDOXH�LV�DQ�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV�

$V�SUHVHQWHG�LQ�7DEOH�����WKH�FKHPLFDO�DQDO\VLV�RI�WKH�RDW�PLON�SRZGHU�VKRZV�WKDW�WKH�
PRLVWXUH�FRQWHQW�RI� WKH�PLON�SRZGHU�ZDV�����SHU�FHQW��DVK�FRQWHQW�ZDV������SHU�FHQW��FUXGH�
SURWHLQ�FRQWHQW�ZDV������SHU�FHQW��FUXGH�IDW�FRQWHQW�ZDV������SHU�FHQW��ILEHU�FRQWHQW�RI�WKH�PLON�
SRZGHU�ZDV�DURXQG�������SHU�FHQW�DQG�WKH�FDUERK\GUDWHV�FRQWHQW�ZDV�������SHU�FHQW��

������3K\VLFDO�SURSHUWLHV�RI�GU\HG�GDWHV�SRZGHU�

7KH� VSUD\� GU\HG� GDWHV� SRZGHU�ZHUH� HYDOXDWHG� IRU� LWV� SK\VLFDO� SURSHUWLHV� OLNH� \LHOG��
VROXELOLW\��ZHWWDELOLW\�DQG�EXON�GHQVLW\��WKH�UHVXOWV�RI�ZKLFK�DUH�JLYHQ�LQ�7DEOH����



��

7DEOH�����3K\VLFDO�SURSHUWLHV�RI�GDWHV�SRZGHU
3DUDPHWHUV 2EVHUYDWLRQV�

<LHOG� ������
%XON�GHQVLW\� ������JP�FP���
6ROXELOLW\� ������
:HWWDELOLW\� ����VHFV�


(DFK�YDOXH�LV�DQ�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV�

7KH�\LHOG�RI�WKH�GDWHV�SRZGHU�ZDV�DERXW������SHU�FHQW��:KHUHDV�WKH�EXON�GHQVLW\�RI�WKH�
VDPH�ZDV�������JP�FP����VROXELOLW\�LQGH[�ZDV������SHU�FHQW��WKH�ZHWWDELOLW\�GXUDWLRQ�ZDV�����
VHFV�DV�JLYHQ�LQ�7DEOH�����7KH�SK\VLFDO�SDUDPHWHUV�RI�VSUD\�GU\HG�SRZGHU�ZHUH�FRPSDUHG�WR�
0DQLFNDYDVDJDQ�HW�DO����������DQG�ZHUH�IRXQG�WR�EH�PRUH�RU�OHVV�VLPLODU��

����� 3UR[LPDWH�FRPSRVLWLRQ�RI�GDWHV�SRZGHU�
7KH�SUR[LPDWH�FRPSRVLWLRQ�RI�VSUD\�GU\HG�GDWHV�SRZGHU�ZDV�HYDOXDWHG�DQG�WDEXODWHG�LQ�

7DEOH�����

7DEOH�����&KHPLFDO�FRPSRVLWLRQ�RI�GDWHV�SRZGHU
3DUDPHWHUV 2EVHUYDWLRQV�

���
0RLVWXUH� �����
$VK� �����
&UXGH�SURWHLQ� �����
&UXGH�IDW� �����
)LEHU� �����
&DUERK\GUDWHV� ������


(DFK�YDOXH�LV�DQ�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV�



��

$V�SUHVHQWHG�LQ�7DEOH�����WKH�FKHPLFDO�DQDO\VLV�RI�WKH�VSUD\�GULHG�GDWHV�SRZGHU�VKRZV�
WKDW�WKH�PRLVWXUH�FRQWHQW�RI�WKH�GDWHV�SRZGHU�ZDV������SHU�FHQW��DVK�FRQWHQW�ZDV������SHU�FHQW��
FUXGH�SURWHLQ�FRQWHQW�ZDV������SHU�FHQW��FUXGH�IDW�FRQWHQW�ZDV������SHU�FHQW��ILEHU�FRQWHQW�RI�
WKH GDWHV�SRZGHU�ZDV�DURXQG������SHU�FHQW�DQG�WKH�FDUERK\GUDWHV�FRQWHQW�ZDV�������SHU�FHQW��
7KH�UHVXOWV�DUH�PRUH�RU�OHVV�VLPLODU�WR�WKH�ILQGLQJV�TXRWHG�E\�5D]D�HW�DO������������

������2UJDQROHSWLF�HYDOXDWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV

7KH�RUJDQROHSWLF�HYDOXDWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�PL[�ZDV�FDUULHG�RXW�
E\� WHQ�PHPEHUV� RI� VHPL� WUDLQHG� SDQHO� DQG� WKH� VFRUHV� ZHUH� JLYHQ� E\� HYDOXDWLQJ� FRORU� DQG�
DSSHDUDQFH�� IODYRU�� WDVWH�� FRQVLVWHQF\� DQG� RYHUDOO� DFFHSWDELOLW\� ZKLFK� ZDV� FRPSDUHG� ZLWK�
FRQWURO�VDPSOH�DQG�SUHVHQWHG�LQ�7DEOH�����

$FFHSWDQFH�WHVWV�VXEMHFWHG�WR���SRLQW�KHGRQLF�VFDOH�ZHUH�SHUIRUPHG�IRU�PLON�SRZGHU�
PL[�ZKLFK�ZHUH�IRUPXODWHG�E\�WKH�DGGLWLRQ�RI�VSUD\�GU\HG�RDW�PLON�SRZGHU�DQG�VSUD\�GU\HG�
GDWHV�SRZGHU�LQ�GLIIHUHQW�SURSRUWLRQV�WR�NQRZ�WKH�DFFHSWDELOLW\�RI�SUHSDUHG�PLON�SRZGHU�PL[��
7KH�DFFHSWDQFH�VFRUHV�ZHUH�DVVLJQHG�IRU�YDULRXV�VHQVRU\�SDUDPHWHUV� DSSHDUDQFH��FRORU��IODYRU��
WDVWH��FRQVLVWHQF\�DQG�RYHUDOO�DFFHSWDELOLW\��)URP�WKH�VHQVRU\�PHDQ�VFRUH�DQG�WKH�FRPPHQWV�RI�
WKH�SDQHOLVWV��EHVW�FRPELQDWLRQ�ZDV�VHOHFWHG�DPRQJ�SUHSDUHG�IRUPXODWLRQV�

7DEOH�����2UJDQROHSWLF�HYDOXDWLRQ�RI�576�3RZGHU�PL[����SRLQW�KHGRQLF�VFDOH��

6DPSOHV� $SSHDUDQFH� &RORU� 7DVWH� )ODYRU� &RQVLVWHQF
\�

2YHUDOO�
$FFHSWDELOLW�\�

7� ���� ���� ���� ���� ���� ����
7� ���� ���� ���� ���� ���� ����
7� ���� ���� ���� ���� ���� ����
7� ���� ���� ���� ���� ���� ����
7� ���� ���� ���� ���� ���� ����



��

7� �� ���� ���� �� ���� ��
6(� ������ ������� ������� ������� ������� ������

&'�DW�
��� ������� ������� ������� ������� ������� �������


(DFK�YDOXH�LV�DQ�DYHUDJH�RI�WHQ�GHWHUPLQDWLRQV�

7KH�UHVXOW�RI�7DEOH��� UHYHDOHG�WKDW�WKH�VWXG\�FRQGXFWHG�WR�GHYHORS�576�SRZGHU�PL[��RDW�PLON�
SRZGHU�ZDV�PL[HG�ZLWK�VSUD\�GULHG�GDWHV�SRZGHU�LQ�YDULRXV�SURSRUWLRQV�VXFK�DV�������������������
�����������������DQG���������ZHUH�XVHG�IRU�7���7���7� �7� DQG�7��UHVSHFWLYHO\�DQG�HYDOXDWHG�ZLWK�
UHIHUHQFH�RDW�PLON�SRZGHU�DORQH���������7����

'DWD�REWDLQHG�IURP�WKH�7DEOH����� LW�ZDV�UHFRUGHG�WKDW� WKH�RYHUDOO�DFFHSWDELOLW\�VFRUH�
DZDUGHG� IRU� VDPSOH�7� ZDV� IRXQG�KLJKHU� WKDQ�RWKHU� VDPSOHV� ������ZKHUHDV�7� UHFHLYHG� WKH�
ORZHVW��������7KH�DFFHSWDQFH RI�VDPSOHV�GHSHQGV�RQ�WKH�LQJUHGLHQW�YDULDWLRQ��7KH�VDPSOH�7�
ZDV�DOVR�UHSRUWHG�DV�VWDWLVWLFDOO\�DW�SDU�ZLWK�DOO�WKH�RWKHU�VDPSOHV��

7KH�QH[W�SDUDPHWHU�L�H��FRORU�DQG�DSSHDUDQFH�VHUYHV�DV�DQ�LPSRUWDQW�SDUDPHWHU�IRU�WKH�
DFFHSWDQFH�RI�IRRG�VDPSOHV��7KH�KLJKHVW�VFRUH�IRU�FRORU�RI�PLON�SRZGHU�PL[��7���ZDV�REWDLQHG�
DV��������7KH�ORZHVW�VFRUH�IRXQG�LQ�WKH�VDPSOH�7� VFRUH��������7KH�VDPSOH�7� ZDV�VLJQLILFDQWO\�
VXSHULRU�WR�WKH�RWKHU�VDPSOHV���

)ODYRU�LV�RQH�RI�WKH�LPSRUWDQW�VHQVRU\�SDUDPHWHU��7KH�IODYRU�RI�RDW�PLON�SRZGHU�PL[�
ZDV�LQIOXHQFHG�E\�DGGLWLRQ�RI�GDWHV�SRZGHU�ZKLFK�LPSDUWHG�D�QDWXUDO�VZHHWQHVV�WR�WKH�SRZGHU�
PL[��

6DPSOH�7� REWDLQHG�WKH�PD[LPXP�YDOXH�������IRU�IODYRU��7KH�WDVWH�RI�7� VDPSOH�RI�PLON�
SRZGHU�PL[�ZDV�VLJQLILFDQWO\�VXSHULRU�������WKDQ�WKH�RWKHU�VDPSOHV��7� VDPSOH�ZDV�VWDWLVWLFDOO\�
DW�SDU�ZLWK�7� VDPSOH�DQG�VLJQLILFDQWO\�VXSHULRU�WR�7� VDPSOH��
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7� ZDV�IRXQG�WR�EH�WKH�PRVW�SUHIHUUHG�YDULDQW�ZLWK�UHVSHFW�WR�WKH�VHQVRU\�TXDOLW\�VXFK�
DV�FRORU��IODYRU��WDVWH�DQG�RYHUDOO�DFFHSWDELOLW\��2DW�PLON�SRZGHU�ZLWK�GLIIHUHQW�SURSRUWLRQ�RI�
GDWHV�SRZGHU�LPSURYHV�WKH�QXWULWLRQDO�EHQHILW�RI�WKH�SURGXFW��2YHUDOO��LW�FDQ�EH�FRQFOXGHG�WKDW�
RDW�SRZGHU�DQG�GDWHV�SRZGHU�LQ�WKH�SURSRUWLRQ�RI���������H[KLELWV�JRRG�VHQVRU\�DWWULEXWHV��,Q�
FRPSDULVRQ�RI�GLIIHUHQW�SDUDPHWHUV�E\�RUJDQROHSWLF�HYDOXDWLRQ��WKH�IRUPXODWLRQ�7� ZDV�VHOHFWHG�
EHFDXVH�RI�LWV�KLJK�DFFHSWDELOLW\�WKDQ�RWKHU�VDPSOHV��

������3K\VLFDO�SURSHUWLHV�RI�WKH�SUHSDUHG�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV��7���
$IWHU�HYDOXDWLQJ�WKH�RUJDQROHSWLF�FKDUDFWHULVWLFV�RI�WKH�YDULRXV�RDW�DQG�GDWHV�PLON�SRZGHU�

PL[��WKH�VDPSOH�ZLWK�WKH�KLJKHVW�VHQVRU\�VFRUHV��7����ZDV�VHOHFWHG�IRU�HYDOXDWLQJ�LWV�SK\VLFDO��
SUR[LPDWH� DQG� PLQHUDO� FRPSRVLWLRQ�� 7KH� SK\VLFDO� SURSHUWLHV� RI� WKH� VHOHFWHG� VDPSOH� DUH�
WDEXODWHG�LQ�7DEOH�����

7DEOH�����3K\VLFDO�SURSHUWLHV�RI�576��RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV��SRZGHU
3DUDPHWHUV 2EVHUYDWLRQV�

%XON�GHQVLW\�� �����JP�FP��������
6ROXELOLW\ �������

:HWWDELOLW\�� �����VHFV�


(DFK�YDOXH�LV�DQ�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV�

7KH� EXON� GHQVLW\� RI� WKH� 576� SRZGHU�PL[� ZDV� �����JP�FP���� VROXELOLW\� LQGH[� ZDV�
�������WKH�ZHWWDELOLW\�GXUDWLRQ�ZDV������VHFV�DV�JLYHQ�LQ�7DEOH�����
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������3UR[LPDWH�FRPSRVLWLRQ RI�WKH�SUHSDUHG�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV��7���
7KH�SUR[LPDWH�FRPSRVLWLRQ�RI�WKH�VHOHFWHG�VDPSOH�RI�RDW�PLON�SRZGHU�PL[�L�H���7���ZDV�

FDUULHG�RXW��WKH�UHVXOWV�RI�ZKLFK�DUH�JLYHQ�LQ�7DEOH����
7DEOH�����&KHPLFDO�FRPSRVLWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV�SRZGHU

3DUDPHWHUV 2EVHUYDWLRQV�
���

0RLVWXUH� �����
$VK� �����
&UXGH�SURWHLQ� �����
&UXGH�IDW� �����
)LEHU� ������
&DUERK\GUDWHV� ������


(DFK�YDOXH�LV�DQ�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV�

$V�SUHVHQWHG� LQ�7DEOH� ���� WKH� FKHPLFDO� DQDO\VLV� RI� WKH�576�SRZGHU� VKRZV� WKDW� WKH�
PRLVWXUH�FRQWHQW�RI�WKH�SRZGHU�ZDV������SHU�FHQW��DVK�FRQWHQW�ZDV������SHU�FHQW��FUXGH�SURWHLQ�
FRQWHQW�ZDV������SHU�FHQW��FUXGH�IDW�FRQWHQW�ZDV������SHU�FHQW��ILEHU�FRQWHQW�RI�WKH�576�SRZGHU�
ZDV�DURXQG�������SHU�FHQW�DQG�WKH�FDUERK\GUDWHV�FRQWHQW�ZDV�������SHU�FHQW��

������0LQHUDO�FRPSRVLWLRQ�RI�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV��7���
7KH� GDWD� SHUWDLQLQJ� WR� WKH� HVVHQWLDO�PLQHUDO� FRQWHQW� RI� GDWHV� L�H�� FDOFLXP�� SKRVSKRUXV��

PDJQHVLXP��LURQ�DQG�SRWDVVLXP�ZDV�HYDOXDWHG� *LYHQ�LQ�7DEOH�����LV�WKH�PLQHUDO�FRPSRVLWLRQ�
RI�VDPSOH��7������

7DEOH�����0LQHUDO�FRQWHQW�RI�576�PLON�SRZGHU�PL[
0LQHUDOV 2EVHUYDWLRQV��PJ����J�
&DOFLXP� ������
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3KRVSKRUXV� �������
0DJQHVLXP� ������

,URQ� ������
3RWDVVLXP� ����


(DFK�YDOXH�LV�DQ�DYHUDJH�RI�WKUHH�GHWHUPLQDWLRQV�

7KH�GDWD�UHJDUGLQJ�FDOFLXP��SKRVSKRUXV��PDJQHVLXP��LURQ�DQG�SRWDVVLXP�RI�WKH�ILQDO�
SUHSDUHG SURGXFW�LV�GHSLFWHG�LQ�7DEOH�����7KH�FRQFHQWUDWLRQ�RI�WKHVH�PLQHUDOV�ZDV�UHFRUGHG�WR�
EH�����������������������������DQG������PJ����J��UHVSHFWLYHO\���

������0LFURELDO�ORDG�RI�VHOHFWHG�VDPSOH�RI�WKH�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV���7���
RQ�VWRUDJH�DW�DPELHQW�WHPSHUDWXUH�����&���

3UHSDUHG�RDWV�DQG�GDWHV�PLON�SRZGHU�PL[�VDPSOH��RQ�WKH�EDVLV�RI�VHQVRU\�TXDOLW\��ZHUH�
VWRUHG�DW�URRP�WHPSHUDWXUH�DQG�DQDO\]HG�DW�WKH�LQWHUYDO�RI�GD\V�IRU�73&�DQG�\HDVW�DQG�PROG�
FRXQW��7KH�GDWD�SHUWDLQLQJ�WR�PLFURELDO�H[DPLQDWLRQ�LV�VKRZQ�LQ�7DEOH�����

7DEOH�����0LFURELDO�DQDO\VLV�RI�PLON�SRZGHU�PL[
6WRUDJH�SHULRG� 7RWDO�SODWH�FRXQW� <HDVW�DQG�0ROG�

6DPSOH��)����GD\V�� �FIX�PO����� FRXQW��FIX�PO����
)UHVK� 1'� 1'�
��� 1'� 1'�
��� 1'� 1'�
��� ���î��� �î���
��� ����î��� ���î���

,Q� WKH� SUHVHQW� LQYHVWLJDWLRQ�� WKH� VXVFHSWLELOLW\� RI� RDWV� DQG� GDWHV� PLON� SRZGHU� PL[� WR�
PLFURELDO�JURZWK�E\�FRPSDULQJ�WKH�FRORQ\�IRUPLQJ�XQLWV��&)8��RQ�SHWUL�GLVKHV�LQRFXODWHG�ZLWK�
GLOXWHG�PLON�SRZGHU�PL[�VXVSHQVLRQV��6HOHFWLYH�JURZWK�PHGLD�ZHUH�XVHG�WR�GLIIHUHQWLDWH�EHWZHHQ�
EDFWHULDO�DQG�PROG�\HDVW�JURZWK��,W�ZDV�REVHUYHG�WKDW�WKH�WRWDO�SODWH�FRXQW�IRU�WKH�VHOHFWHG�VDPSOH�
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ZDV�IRXQG�WR�EH�QLO�XS�WR����GD\V�RI�VWRUDJH�DW�URRP�WHPSHUDWXUH�DQG�\HDVW�DQG�PROG�FRXQW�ZHUH�
QRW�GHWHFWHG�XS�WR����GD\V�DV�ZHOO��%XW�WKH WRWDO�SODWH�FRXQW�KDG�DSSHDUHG�WR�EH����î��� RQ���WK
GD\��ZKHUH�WKH�IXQJDO�FRXQW�ZDV��î��� RI�VWRUDJH�DQG�����î��� WLOO�WKH���WK GD\��ZKHUHDV�WKH�\HDVW�
DQG�PROGV�FRXQW�ZHUH�IRXQG�RQ���WK GD\�DW�UDQJH�RI����î�����6HOHFWHG�VDPSOH�ZDV�IRXQG�WR�EH�ORZ�
IRU�VXVFHSWLELOLW\�WR�PLFURELDO�JURZWK�LQ�WHUPV�RI�WRWDO�SODWH�FRXQW�DQG�\HDVW�PROG�FRXQW���

������6KHOI�OLIH�VWXG\�RI�RDW�PLON�SRZGHU�PL[�ZLWK�UHVSHFW�WR�SDFNDJLQJ�PDWHULDO��
7KH�RUJDQROHSWLF�HYDOXDWLRQ�VFRUH�RI�VHOHFWHG�PLON�SRZGHU�PL[�VWRUHG�DW�

DPELHQW�WHPSHUDWXUH�LV�VKRZQ�LQ�7DEOH�����

7DEOH�����2UJDQROHSWLF�HYDOXDWLRQ�RI�VHOHFWHG VDPSOH �7���LQ�GLIIHUHQW�SDFNDJLQJ�
PDWHULDO

6HQVRU\�DWWULEXWHV�
3DUD
PHWHU
V�

$SSHDUDQFH� &RORU� 7DVWH� )ODYRU� 2YHUDOO�
$FFHSWDELOLW\�

'D\V� )� )� )� )� )� )� )� )� )� )�

)UHV
K�

���� ���� ���� ���� ���� ���� ���� ���� ���� �����
��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

�)�� +'3(�SDFNHG�VDPSOH��)�� $OXPLQLXP�FRDWHG SRXFK�SDFNHG�VDPSOH��
7KH�GDWD�LQ�WKH�7DEOH��� UHYHDOHG�WKDW�WKHUH�ZHUH�FHUWDLQ�FKDQJHV�RFFXUUHG�LQ�VHQVRU\�

SDUDPHWHUV�GXULQJ����GD\V�VWRUDJH��7KH�FKDQJHV�LQ�RUJDQROHSWLF�TXDOLWLHV�ZHUH�REVHUYHG�DW����
GD\V�LQWHUYDO��,W�ZDV�REVHUYHG�WKDW�PLON�SRZGHU�PL[�SDFNHG�LQ�DOXPLQDWH�SRXFK�VFRUHG�KLJKHVW�
�������DW�LQLWLDWLRQ�IRU�RYHUDOO�DFFHSWDELOLW\�DV�FRPSDUHG�WR�VDPSOH�SDFNHG�LQ�+'3(�SRXFK��

7DEOH��� GHVFULEHV�WKH�VHQVRU\�VFRULQJ�FRPSDULVRQ�EHWZHHQ�+'3(�SDFNHG�VDPSOH��)���
DQG�$OXPLQDWH�SRXFK�SDFNHG�PLON�SRZGHU�PL[�VDPSOH��)����7KH�FRORU�RI� WKH�+'3(�SDFNHG�
VDPSOH�DQG�)� DUH�QHDUO\�VLPLODU�KRZHYHU�WKH�)� VDPSOH�ZDV�VOLJKWO\�VXSHULRU�WR�+'3(�SDFNHG�
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�)���VDPSOH�RQ�IUHVK�VHUYLQJ��6FRULQJ�RQ���WK GD\�GHSLFWV� WKDW� WKHUH� LV� VLJQLILFDQW�GLIIHUHQFH�
EHWZHHQ�WKH�WZR�SURGXFWV�DV�IDU�DV�FRORU�DQG�DSSHDUDQFH�LV�FRQFHUQHG�KRZHYHU�WKH�SURJUHVVLQJ�
GD\V� VXJJHVWHG� WKDW� WKHUH� ULVH� D� VOLJKW� GLIIHUHQFH� EHWZHHQ� )� DQG� )�� VDPSOH� ZKHUH� FRORU�
SHUFHSWLRQ�IRU�)� JRHV�WRZDUG�PHUH�UHGXFLQJ�GLUHFWLRQ��7LOO�WKH���WK GD\�RI�HYDOXDWLRQ�)� VDPSOH�
������DQG�)� ������DUH�IRXQG�WR�EH�DERYH�DFFHSWDEOH�OHYHO�IRU�LWV�FRORU�SURSHUW\��

2UJDQROHSWLF� HYDOXDWLRQ� RI� RDWV� DQG� GDWHV� PLON� SRZGHU� PL[� IRU� WDVWH� DWWULEXWH� ZDV�
DQDO\]HG�IRU����GD\V��7KH�WDVWH�RI�WKH�PL[�RQ�IUHVK�GDWH�ZDV�UDWHG�DV�����IRU�)� VDPSOH�DQG�����
IRU�)� VDPSOH��$IWHU����GD\V�WKHUH�ZDV�QR�FKDQJH�REVHUYHG�LQ�WKH�WDVWH�RI�PLON�SRZGHU�PL[��
7DVWH� DIWHU� ��� GD\V� JDYH� GHSULYHG� UHVXOWV� DQG� UDWHG� DV� ���� DQG� ���� IRU� )� DQG� )� VDPSOH�
UHVSHFWLYHO\��7KH�VDPSOH�ZDV�IXUWKHU�WDVWHG�DIWHU����GD\V��$V�WKH�SURGXFW�ZDV�VWRUHG�DW�URRP�
WHPSHUDWXUH��WKH�SURGXFW�JDLQ�PRLVWXUH�EHFDXVH�RI�FKDQJH�LQ�KXPLGLW\��FOXPS�IRUPDWLRQ�RFFXUV�
WKXV�FKDQJH�LQ�WDVWH�ZDV�REVHUYHG��)XUWKHU�REVHUYDWLRQV�DIWHU����GD\V�FKDQJH�WKH�WDVWH�RI�WKH�
SURGXFW�DQG�UDWHG�DV�����DQG�����IRU�)� DQG�)� VDPSOH�UHVSHFWLYHO\���

)ODYRU�LV�RQH�RI�WKH�LPSRUWDQW�VHQVRU\�SDUDPHWHU�L�H���IODYRU�LV�D�FRPELQDWLRQ�RI�WDVWH��
VPHOO�DQG�DURPD��6LPLODUO\�IODYRU�WRR�ZDV�REVHUYHG�IRU����GD\V��2Q�IUHVK�GDWH�WKH�SURGXFW�ZDV�
UDWHG�DV�����DQG�����IRU�ERWK�WKH�VDPSOHV��KRZHYHU��ZLWK�FRQWLQXRXV�VWRUDJH�RI�SURGXFW��VRPH�
YRODWLOH�VXEVWDQFHV�PLJKW�KDYH�HYDSRUDWHG�KHQFH�DIWHU����GD\V�WKHUH�ZDV�VOLJKW�FKDQJH�LQ�IODYRU�
DQG�WKXV�ZDV�UDWHG�WR�EH�����DQG�����IRU�)� DQG�)� VDPSOHV�UHVSHFWLYHO\��)XUWKHU�REVHUYDWLRQ�IRU�
��WK��DQG���WK FRQVHFXWLYH�GD\V�ZDV�REVHUYHG��7KH�UDWLQJ�ZDV�JLYHQ�DV�����DQG����������DQG�����
IRU�)� DQG�)� VDPSOHV�UHVSHFWLYHO\��

2YHUDOO� DFFHSWDELOLW\� RI� WKH� SURGXFW� LQFOXGHV� DOO� WKH� VHQVRU\� DWWULEXWHV�� 7KH� RYHUDOO�
DFFHSWDELOLW\�IRU�)��DQG�)� ZDV�UDWHG�DV�����DQG������UHVSHFWLYHO\��$IWHU����GD\V�WKHUH�ZDV�VOLJKW�
GHSULYDWLRQ�LQ�WKH�DFFHSWDELOLW\�RI�)� VDPSOH�DQG�UDWHG�DV�����ZKLOH�WKHUH�ZDV�QR�FKDQJH�LQ�)���
$IWHU� ��� GD\V� WKHUH� ZDV� VOLJKW� FKDQJHV� REVHUYHG� DQG� WKH� SURGXFW� ZDV� DFFHSWDEOH�� )XUWKHU�
REVHUYDWLRQ�ZDV�GRQH�IRU����DQG����GD\V��7KH�UDWLQJ�ZDV�REVHUYHG�DV�����DQG���� IRU�)� DQG�)�
VDPSOHV�UHVSHFWLYHO\�DIWHU����GD\V��ZKLOH�DIWHU����GD\V�WKH�UDWLQJ�IRU�)� DQG�)� ZDV�JLYHQ�DV�����
DQG�����UHVSHFWLYHO\��

,W�FRXOG�EH�FRQFOXGHG�WKDW�WKHUH�ZDV�JUDGXDO�GHFUHDVH�LQ�RYHUDOO�VHQVRU\�DFFHSWDELOLW\�RI�
PLON�SRZGHU�PL[�ZLWK�UHVSHFW�WR�VWRUDJH�SHULRG�IURP���WR����GD\V��
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)URP�WKH�7DEOH��� LW�FDQ�EH�VHHQ�WKDW�WKHUH�ZDV�VLJQLILFDQW�GHFUHDVH�LQ�DOO�WKH�VHQVRU\�
SDUDPHWHUV� VXFK� DV� DSSHDUDQFH�� FRORU�� WDVWH�� IODYRU�� WH[WXUH� DQG� RYHUDOO� DFFHSWDELOLW\� ZLWK�
VXFFHVVLYH�LQFUHDVH�LQ�VWRUDJH�SHULRG��
������7RWDO�HQHUJ\�YDOXH�RI�WKH�RDW�PLON�SRZGHU��FRQWURO��DQG�WKH�RDW�PLON�SRZGHU�
IRUWLILHG�ZLWK�GDWHV��7���

(QHUJ\� YDOXH� LV� GHWHUPLQHG� E\� XVLQJ� YDOXHV� RI� FUXGH� SURWHLQ�� FUXGH� IDW� DQG� WRWDO�
FDUERK\GUDWH�FRQWHQW�RI�VDPSOH�DQG�FRQVLGHULQJ�WKDW��J�RI�SURWHLQ�\LHOG���.FDO�HQHUJ\���J�RI�
IDW� \LHOG� �� .FDO� HQHUJ\� DQG� �J� FDUERK\GUDWHV� \LHOG� �� .FDO� HQHUJ\�� 7RWDO� HQHUJ\� YDOXH� LV�
FDOFXODWHG�E\�DGGLQJ�DERYH�WKUHH�HQHUJ\�YDOXHV�ZKLFK�JLYHV�HQHUJ\�YDOXH�SHU����J�RI�VDPSOH��
7KH�GHWDLOV�RI�FRPSXWLQJ�HQHUJ\�YDOXHV�RI ���J�RI�WKH�VHOHFWHG�YDULDWLRQ�RI�PLON�SRZGHU�PL[�LV�
VXPPDUL]HG�LQ�7DEOH�����

7DEOH�����7KHRUHWLFDO�HQHUJ\�YDOXH�RI�RDW�DQG�GDWHV�PLON�SRZGHU�PL[�
6DPSOH� &DUERK\GUDWHV� 3URWHLQV� )DWV� 7RWDO�

HQHUJ\�
&RQWURO� ������ ����� ����� �������
6HOHFWHG�
�7���

������ ����� ����� �������

(QHUJ\�YDOXH�RI�VHOHFWHG�PLON�SRZGHU�PL[�ZDV�IRXQG�WR�EH��������.FDO����J�IRU�7���
DQG�WKDW�RI�FRQWURO�VDPSOH�ZDV��������NFDO����J��

5HVXOWV�REWDLQHG�IRU�HQHUJ\�YDOXH�RI�PLON�SRZGHU�PL[�VKRZHG�WKDW�WKH�KLJKHU�HQHUJ\�
YDOXH�REWDLQHG�IRU� WKH�VHOHFWHG�VDPSOH�WKDQ�WKDW�RI�FRQWURO�GXH�WR� WKH�DGGHG�EHQHILW�RI�GDWHV�
SRZGHU��,W�FDQ�EH�GHFLGHG�IURP�WKH�7DEOH��� WKDW�����J�RI�VHOHFWHG�RDW�DQG�GDWH PLON�SRZGHU�
PL[��7���SURYLGH��������.FDO�����J�ZKLFK�ZDV�KLJKHU�WKDQ�WKDW�SURYLGHG�E\�FRQWURO�VDPSOH�
�������.FDO�����J��,W�LV�LQWHUHVWLQJ�WR�EH�PHQWLRQ�WKDW�WKH�HQHUJ\�YDOXH�RI�SUHSDUHG�PL[�ZDV�
IRXQG�WR�EH�FRPSDUDWLYHO\�KLJKHU�WKDQ�FRPPHUFLDO�FRQWURO�VDPSOH�DQG�DOVR�JLYHV�DQ�DGGLWLRQDO�
EHQHILW�GXH�WR�WKH�SUHVHQFH�RI�GLHWDU\�ILEHU�FRQWHQW��
������7HFKQR�HFRQRPLFDO�IHDVLELOLW\�RI�WKH�SUHSDUHG�RDW�PLON�SRZGHU�IRUWLILHG�ZLWK�GDWHV��

7KH�SURGXFWLRQ�FRVW�RI�VHOHFWHG�PLON�SRZGHU�PL[��7���ZDV�ZRUNHG�RXW�RQ�WKH�EDVLV�RI�
FRVW�RI�UDZ�PDWHULDOV��TXDQWLW\�RI�ILQLVKHG�SURGXFW�DQG�DOVR�LQFOXGLQJ�SURFHVVLQJ�DQG�SDFNDJLQJ�
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FRVW��7RWDO�FRVW�RI�SUHSDUHG�PLON�SRZGHU�PL[�ZDV�HVWLPDWHG�RQ�SLORW�SODQW�WULDOV�DQG�LOOXVWUDWHG�
LQ�7DEOH�����

7DEOH�����7HFKQR�HFRQRPLF�IHDVLELOLW\�RI�PLON�SRZGHU�PL[�����NJ�
,QJUHGLHQWV 5DWH��5V� 4XDQWLW\��NJ� &RVW��5V�

2DWV� ���� �� ����
'DWHV� ���� �� �����

0DOWRGH[WULQ� ���� ���� ����
9DQLOOD�
HVVHQFH�

���� ���PO� ����
7RWDO�UDZ�PDWHULDO�FRVW���������������������������������������������������
3URFHVVLQJ�FRVW�#����RI�WKH�UDZ�PDWHULDO�FRVW������������
3DFNDJLQJ�&RVW�����NJ�������������������������������������������������

7RWDO�SURGXFWLRQ�FRVW���NJ������������������������������������������������
3URGXFWLRQ�FRVW�RI�SRUULGJH�PL[�NJ������������������������������������������������

7DEOH�����GHSLFWHG�WKDW�WKH�FRVW�GHPDQGHG�IRU�PDQXIDFWXULQJ�RI����NJ�RI�PLON�SRZGHU�
PL[�ZDV�IRXQG�WR�EH�5V��������$V��NJ�SDFNV�ZHUH�SUHSDUHG�IURP���NJ�RI�WRWDO�UDZ�PDWHULDO�VR�
FRVW�RI�XQLW�SDFN�ZDV�FDOFXODWHG�5V���������$V�FRPSDUHG�WR�WKH�FRVW�RI�SURGXFWLRQ�RI�SUHSDUHG�
RDWV�DQG�GDWHV�PLON�SRZGHU�PL[�ZLWK�WKH�PDUNHW�VDPSOHV��LW�ZDV�IRXQG�WKDW�WKH�PDUNHW�VDPSOH�
ZDV�PRUH�FRVWO\�WKDQ�GHYHORSHG�PL[�ZKLFK�ZDV�ZLWK�OHVV�QXWULWLRQDO�TXDOLWLHV��6R�WKH�SURGXFW�
GHYHORSHG� GXULQJ� WKH� UHVHDUFK� VWXGLHV� KDV� EHWWHU� QXWULWLRQDO� TXDOLWLHV�� RUJDQROHSWLF�
FKDUDFWHULVWLFV�DQG�FDORULH�XSWDNH�DV�ZHOO�DV�LWV�OHVV�LQ�FRVW�WKDQ�PDUNHW�VDPSOH��6R�WKLV�SURGXFW�
FDQ�EH�VXJJHVWHG�IRU�FRPPHUFLDO�SURGXFWLRQ��
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7KH�SUHVHQW�LQYHVWLJDWLRQ�HQWLWOHG�³6WXGLHV�RQ�'HYHORSPHQW�RI�9HJDQ�0LON�3RZGHU��2DW�
0LON�3RZGHU��IRUWLILHG�ZLWK�'DWHV´�ZDV�FDUULHG�RXW�WR�IRUPXODWH�LQQRYDWLYH��FRQYHQLHQW�DQG�
QXWULWLRQDO�ULFK�SURGXFW�IURP�RDWV�DQG�GDWHV��:LWK�WKLV�LQWHQWLRQ��SK\VLFRFKHPLFDO�DQDO\VLV�RI�
RDWV�DQG�GDWHV�ZDV�FDUULHG�RXW�LQ�WKH�'HSDUWPHQW�RI�)RRG�&KHPLVWU\�DQG�1XWULWLRQ��7KHQ�WKHLU�
IXUWKHU�SURFHVVLQJ�ZDV�FDUULHG�RXW�DW�'HSDUWPHQW�RI�)RRG�&KHPLVWU\�DQG�1XWULWLRQ��&ROOHJH�RI�
)RRG�7HFKQRORJ\��9�1�0�.�9���3DUEKDQL��$IWHU�WKLV��WKH�VSUD\�GU\HG�RDW�PLON�SRZGHU�DQG�VSUD\�
GU\HG�GDWHV�SRZGHU�ZHUH�VWXGLHG�IRU�WKH�\LHOG��FKHPLFDO�DQG�RUJDQROHSWLF�TXDOLW\�RI�RDWV�DQG�
GDWH�PLON�SRZGHU�PL[��7KH�SUHSDUHG�PLON�SRZGHU�PL[�ZDV�WKHQ�IRUPXODWHG�ZLWK�GLIIHUHQW�UDWLRV�
IRU�GHYHORSLQJ�WKH�RDWV�DQG�PLON�SRZGHU�EDVHG�EHYHUDJH��7KH�SUHSDUHG�EHYHUDJH�ZDV�DVVHVVHG�
IRU� LWV� SK\VLFRFKHPLFDO� DQDO\VLV�� PLFURELDO� DQDO\VLV� DQG� VKHOI� OLIH�� $QG� ILQDOO\� WKH� WHFKQR�
HFRQRPLFDO� IHDVLELOLW\�ZDV� LQYHVWLJDWHG� LQ� WHUPV�RI�FRVW�RI�SURGXFWLRQ��7KH� UHVXOWV�REWDLQHG�
GXULQJ�SUHVHQW�LQYHVWLJDWLRQ�DUH�VXPPDUL]HG�DQG�FRQFOXGHG�DV�XQGHU����

7KH�VWXGLHV�RQ�OLTXLG�RDW�PLON�TXDOLW\�VKRZHG�WKDW�WKH�VRDNLQJ�RI�RDWV�FDUULHG�RXW�IRU���
KRXUV�KDG�WKH�PD[LPXP�\LHOG�L�H�������PO�ZLWK�D�WLWUDWDEOH�DFLLGLW\�RI�������7KH�VSUD\�GU\HG�RDW�
PLON� SRZGHU�ZDV� WKHQ� VWXGLHG� IRU� HVWLPDWLRQ� RI� LWV� FKHPLFDO� SURSHUWLHV�� SK\VLFDO� SURSHUWLHV�
ZKLFK�ZDV�WKHQ�PL[HG�ZLWK�VSUD\�GU\HG�GDWHV�SRZGHU�DQG�FRPELQHG�WR�GHWHUPLQH�LWV�RYHUDOO�
FRQVXPHU� DFFHSWDQFH�� )URP� WKLV� WHFKQLFDO� EDVLV�� RUJDQROHSWLF� HYDOXDWLRQ�ZDV� FDUULHG� RXW� WR�
GHWHUPLQH�ZKLFK�UDWLR�KDG�WKH�KLJKHVW�KHGRQLF�VFRUH��

¾ 7R�SURGXFH�VSUD\�GU\HG�RDW�PLON�SRZGHU�DQG�VSUD\�GU\HG�GDWHV�SRZGHU��D�SLORW�VFDOH�VSUD\�GU\HU�
ZDV� XVHG�� DQG� WKHLU� SK\VLFRFKHPLFDO� TXDOLWLHV� ZHUH� GHWHUPLQHG�� %RWK� WKH� SRZGHUV� ZHUH�
SURGXFHG�ZLWK�WKH�IROORZLQJ�SURFHVVLQJ�FRQGLWLRQV��PDOWRGH[WULQ��0'��ZDV XVHG�DV�D�FDUULHU�
DJHQW��LQOHW�DLU�WHPSHUDWXUH�ZDV�NHSW�DW�����&��7KH�IHHGVWRFN�IORZ�UDWH�ZDV�NHSW�DW����PO�PLQ�
�DV�SURYLGHG�DV�623V�ZLWK�WKH�VSUD\�GU\HU���7KH�FDUULHU�DJHQW�ZDV�DGGHG�DW�WKH�UDWH�RI�����RI�
WKH�IHHG�VWRFN�VROXWLRQ��DQG�WKH�IHHGVWRFN�WR�WKH VSUD\�GU\HU�ZDV�SUHSDUHG�DW�����FRQFHQWUDWLRQ���
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¾ 7KH�VSUD\�GU\HG�RDW�PLON�SRZGHU�ZDV�IRUWLILHG�ZLWK�VSUD\�GU\HG�GDWHV�SRZGHU�ZLWK�GLIIHUHQW�
UDWLRV�����������������������������DQG���������'LIIHUHQW�PHWKRGV�HPSOR\HG�IRU�VWDQGDUGL]LQJ�
WKH�IRUPXODWLRQ�ZDV�IXUWKHU�HYDOXDWHG�RQ�WKH�EDVLV�RI�RUJDQROHSWLF�VFRUHV��7��

L�H����������ZDV�IRXQG�WR�EH�WKH�PRVW�SUHIHUUHG�YDULDQW�ZLWK�UHVSHFW�WR�WKH�VHQVRU\�TXDOLW\�VXFK�
DV� FRORXU�� IODYRXU�� WDVWH� DQG� RYHUDOO� DFFHSWDELOLW\��'DWHV� SRZGHU�ZDV� DGGHG� WR� LQFUHDVH� WKH�
VZHHWQHVV�DQG�RYHUDOO�DFFHSWDELOLW\�DQG�WR�SURYLGH�DQ�DWWUDFWLYH�IODYRXU�WR�WKH�PLON�SRZGHU�����

¾ 7KH� SUHSDUHG� PLON� SRZGHU� PL[� ZDV� IXUWKHU� DQDO\]HG� IRU� SK\VLFDO� SURSHUWLHV�� FKHPLFDO�
SURSHUWLHV� DQG� PLQHUDO� FRPSRVLWLRQ�� ,W� ZDV� UHYHDOHG� WKDW� WKH� FKHPLFDO� SDUDPHWHUV� ZHUH�
LQFUHDVHG�LQ�WKH�7��VDPSOH�DV�FRPSDUHG�WR�WKH�FRQWURO�VDPSOH�ZKLFK�GLG�QRW�FRQWDLQ�WKH�GDWHV�
SRZGHU����

¾ 0LFURELRORJLFDO�DQDO\VLV�RI�IUHVKO\�SUHSDUHG�RDW�DQG�GDWHV�PLON�SRZGHU�IRXQG�WKDW�WKH�VDPSOH�
ZDV�IRXQG�WR�EH�QLO�XS�WR����GD\V�RI�VWRUDJH�DW�URRP�WHPSHUDWXUH�DQG�\HDVW�DQG�PROG�FRXQW�ZHUH�
QRW�GHWHFWHG�XS�WR����GD\V�DV�ZHOO��)XUWKHU��WKH�SUHSDUHG�EHYHUDJH�GLG�QRW�FRQWDLQ�DQ\�FHOOV�RI�
FROL�IRUP�EDFWHULD�����

¾ 7KH�VKHOI� OLIH�VWXG\�RI�PLON�SRZGHU�PL[�SDFNHG� LQ�DOXPLQDWHG�SDFNDJHV�ZDV�FDUULHG�RXW�E\�
NHHSLQJ�WKH�SURGXFW�DW�URRP�WHPSHUDWXUH�IRU����GD\V�VWRUDJH�SHULRG� ,W�ZDV�REVHUYHG�WKDW�PLON�
SRZGHU� PL[� SDFNHG� LQ� DOXPLQDWH� SRXFK� VFRUHG� KLJKHVW� ������� DW� LQLWLDWLRQ� IRU� RYHUDOO�
DFFHSWDELOLW\�DV�FRPSDUHG�WR�VDPSOH�SDFNHG�LQ�+'3(�SRXFK���

¾ 7KH� WKHRUHWLFDO� HQHUJ\� YDOXH� ZDV� DOVR� DQDO\VHG� IRU� WKH� VHOHFWHG�PLON� SRZGHU�PL[� VDPSOH��
(QHUJ\� YDOXH� RI� VHOHFWHG�PLON� SRZGHU�PL[�ZDV� IRXQG� WR� EH� �������.FDO����J�� DQG� WKDW� RI�
FRQWURO�VDPSOH�ZDV��������NFDO����J��5HVXOWV�REWDLQHG�IRU�HQHUJ\�YDOXH�RI�PLON�SRZGHU�PL[�
VKRZHG�WKDW�WKH�KLJKHU�HQHUJ\�YDOXH�REWDLQHG�IRU�WKH�VHOHFWHG�VDPSOH�WKDQ�WKDW�RI�FRQWURO�GXH�
WR�WKH�DGGHG�EHQHILW�RI�GDWHV�SRZGHU���

¾ $V� IDU� DV� WKH� WHFKQLFDO� IHDVLELOLW\� LV� FRQFHUQHG�� WKH�PLON� SRZGHU�PL[� UHSRUWHG� WRWDO� FRVW� RI�
SURGXFWLRQ�WR�EH�5V��������NJ����
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7KH�SUHVHQW�LQYHVWLJDWLRQ�IRFXVHV�RQ�WKH�GHYHORSPHQW�RI�RDW�DQG�GWDHV�PLON�SRZGHU�PL[�

ZKLFK� LPSRVHV�SRWHQWLDO� KHDOWK�EHQHILWV� RI�RDWV� DQG�GDWHV��7KH�PHWKRG�RI�GHYHORSLQJ� VSUD\�
GU\HG� SRZGHUV� RI� RDW� PLON� DQG� GDWHV� ZDV� VWDQGDUGL]HG� DQG� IRUPXODWHG�� 7KH� SURFHVV� RI�
SUHSDUDWLRQ�RI�PLON�SRZGHU�PL[�XVLQJ�PDOWRGH[WULQ DV�D�FDUULHU�DJHQW�DW�WKH�UDWH�RI������RDWV�
DQG� GDWHV� SRZGHU� � UDWLR� �������� ������� ������� ������ DQG� ��������ZLWK� ���RI� IODYRULQJ�ZDV�
VWDQGDUGL]HG��7KXV��LW�FDQ�EH�FRQFOXGHG�WKDW�7� VDPSOH�ZLWK�RDW�PLON�SRZGHU�GDWHV�SRZGHU�UDWLR�
RI�������ZDV�IRXQG�WR�EH�PRVW�DSSURSULDWH�WR�LPSURYH�WKH�TXDOLW\�RI�PLON�SRZGHU��7KHQ��WKH�
SUHSDUHG�PLON�SRZGHU�PL[�ZDV�DQDO\]HG�IRU�SK\VLFDO��FKHPLFDO��PLQHUDO�DQG�PLFURELRORJLFDO�
FKDUDFWHULVWLFV��,W�ZDV�WKHQ�VWRUHG�DW�URRP�WHPSHUDWXUH�LQ�DOXPLQDWHG�VWDQG�SRXFKHV���

7KHUHIRUH��WKH�GHYHORSHG�PLON�SRZGHU�PL[�FDQ�EH�RQH�RI�WKH�XSFRPLQJ�KHDOWK�EHYHUDJHV��
([SDQGLQJ�WKH�WUHQG�RI�YHJDQ�OLIHVW\OHV��WKH�LVVXHV�RI�ODFWRVH�LQWROHUDQFH��DQG�WKH�GHPDQG�IRU�
ORZIDW�DQG�ORZ�FKROHVWHURO�IRRGV�KDYH�FUHDWHG�D�JURZLQJ�GHPDQG�IRU�QRQ�GDLU\�PLON�VXEVWLWXWHV��
7KXV��RDWV�DQG�GDWHV�PLON�SRZGHU�PL[�FDQ�HDVLO\�EH�VXEMHFWHG�WR�FDWFK�DQ�H\H�RI�FXVWRPHUV�RI�
HYHU\�DJH�JURXS�DQG�FDQ�EH�PDGH�DYDLODEOH�IRU�ORQJHU�GXUDWLRQV�RI�WLPH�HYHQ�LQ�UHPRWH�DUHDV��
+HQFH�LW�LV�ILQDOO\�FRQFOXGHG�WKDW�GHYHORSHG�SURFHVVLQJ�WHFKQRORJ\�IRU�SUHSDUDWLRQ�RI�RDWV�DQG�
GDWHV� PLON� SRZGHU� PL[� LV� WHFKQRHFRQRPLFDOO\� YLDEOH� DQG� WKHUHIRUH� FDQ� EH� FRPPHUFLDOO\�
H[SORLWHG��0RUHRYHU�� LW�ZLOO� EH�EHQHILFLDO� WR� WKH� HQG�XVHU�KDYLQJ�QXWULWLRQDO� DQG� WKHUDSHXWLF�
YDOXH�ZLWK�DGGHG�EHQHILW�RI�GDWHV����
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� )XUWKHU�LQYHVWLJDWLRQ�LV�UHTXLUHG�IRU�XWLOL]LQJ�WKH�WHFKQRORJLHV�VXFK�DV�IUHH]H�GU\LQJ��ZKLFK�FDQ�

EH�DQ�DOWHUQDWLYH�WR�VSUD\�GU\LQJ����
� 9DULRXV�RWKHU�IRUWLI\LQJ�VXEVWDQFHV�OLNH�QXWV��DGGHG�YLWDPLQV�DQG�PLQHUDOV�FDQ�DOVR�EH�DGGHG�WR�

LQFUHDVH�WKH�QXWULWLRQDO�EHQHILWV�RI�SODQW�EDVHG�PLONV����
� )XWXUH�VWXGLHV�VKRXOG�EH�GRQH�WR�UHGXFH�FRVWV�RI�SURGXFWLRQ�RI�QXW�EDVHG�PLON���
� 7KHUH�LV�DOVR�VFRSH�IRU�GHYHORSPHQW�RI�RWKHU�IODYRXUHG�SODQW�PLONV���
� 6WXGLHV�VKRXOG�EH�GRQH�RQ�GHYHORSLQJ�PLON�IURP�FKHDSHU�DOWHUQDWLYHV�OLNH�DPDUDQWK��ULFH��SHDQXW�
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$�$�&�&����������$SSURYHG�PHWKRGV�RI�WKH�$PHULFDQ�$VVRFLDWLRQ�RI�&HUHDO�&KHPLVWV����WK�
(G��$$&&��6W��3DXO��01��86$��

$�2�$�&�� �������� 2IILFLDO� 0HWKRGV� RI� $QDO\VLV�� 9ROXPH� ,,�� $VVRFLDWLRQ� RI� 2IILFLDO�
$QDO\WLFDO�&KHPLVWV��:DVKLQJWRQ�'��&��

$�2�$�&�� �������� 2IILFLDO� 0HWKRGV� RI� $QDO\VLV�� ��WK� HGLWLRQ�� $VVRFLDWLRQ� RI� 2IILFLDO�
$QDO\WLFDO��&KHPLVW��:DVKLQJWRQ�'&��

$�2�$�&�� �������� 2IILFLDO� 0HWKRGV� RI� $QDO\VLV�� $VVRFLDWLRQ� RI� 2IILFLDO� $QDO\WLFDO��
&KHPLVW��

$DVWKD�'���1DYQHHW�6��'��DQG�+DUL�1��0����������2SWLPL]DWLRQ�RI�HQ]\PDWLF�SURGXFWLRQ�
SURFHVV�RI�RDW�PLON�XVLQJ�UHVSRQVH�VXUIDFH�PHWKRGRORJ\��-RXUQDO�RI )RRG�DQG�
%LRSURFHVV�7HFKQRORJ\�������������������

$KOGHQ� ,���/LQGDKO�/���2VWH�5�� DQG�6MRKROP� ,��� ��������+RPRJHQHRXV� DQG� VWDEOH� FHUHDO�
VXVSHQVLRQ�DQG�D�PHWKRG�RI�PDNLQJ�WKH�VDPH���������$��

$KPDG�$��$QMXP�)0��=DKRRU�7��1DZD]�+��$KPHG�=����������([WUDFWLRQ�DQG�
FKDUDFWHUL]DWLRQ�RI�ȕ�JOXFDQ� IURP�RDW� IRU� LQGXVWULDO�XWLOL]DWLRQ�� ,QWHUQDWLRQDO
-RXUQDO�RI�%LRORJLFDO�0DFURPROHFXOHV���������������

$KPHG�-��$O�-DVDVV�)0��DQG�6LGGLT�0����������'DWHV��3RVWKDUYHVW�6FLHQFH��3URFHVVLQJ�
7HFKQRORJ\�DQG�+HDOWK�%HQHILWV��)LUVW�(GLWLRQ��

$O�+RRWL��6���6LGKX��-�6���DQG�4DED]DUG��+����������3K\VLRFKHPLFDO�FKDUDFWHULVWLFV�RI�ILYH�
GDWH�IUXLW�FXOWLYDUV�JURZQ�LQ�8QLWHG�$UDE�(PLUDWHV��3ODQW�)RRGV� IRU�+XPDQ�
1XWULWLRQ �������±�����

$O�6KDKLE�:��0DUVKDOO�5-����������7KH�IUXLW�RI�WKH�GDWH�SDOP��LWV�SRVVLEOH�XVH�DV�WKH�EHVW�IRRG�
IRU�WKH�IXWXUH"�,QWHUQDWLRQDO�-RXUQDO�RI�)RRG�6FLHQFHV�DQG�1XWULWLRQ ����

���±����
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$PDQDW�$���0RVWDID�:���0��0RKDPPHG�(��DQG�6DQNDU�'����������1XWULWLRQDO�DQG������������������������
0HGLFLQDO� 9DOXH� RI� 'DWH� )UXLW�� 'DWHV�� SURGXFWLRQ�� SURFHVVLQJ�� IRRG� DQG�
PHGLFLQDO�YDOXHV��%RRN������������

$QGHUVRQ� -:�� �������� )LEHU� DQG� KHDOWK�� $Q� RYHUYLHZ�� $PHULFDQ� -RXUQDO� RI�
*DVWURHQWHURORJ\��������±�����

$VODP�-��.KDQ�6+��.KDQ�6$����������4XDQWLILFDWLRQ�RI�ZDWHU�VROXEOH�YLWDPLQV�LQ�VL[�GDWH�
SDOP��3KRHQL[�GDFW\OLIHUD�/���FXOWLYDU¶V�IUXLWV�JURZLQJ�LQ�'XEDL��8QLWHG�$UDE�
(PLUDWHV��WKURXJK�KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\� -RXUQDO�RI�6DXGL�
&KHPLFDO�6RFLHW\�����������

$XGD�+��$O�:DQGDZL�+��$O�$GKDPL�/� ��������3URWHLQ�DQG�DPLQR�DFLG�FRPSRVLWLRQ�RI�
WKUHH� YDULHWLHV� RI� ,UDTL� GDWHV� DW� GLIIHUHQW� VWDJHV� RI� GHYHORSPHQW�� -RXUQDO� RI
$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\���������������

%�� &�� $GHED\R�7D\R�� $�� $�� $GHJRNH� DQG� 2�� -�� $NLQMRJXQOD�� �������� ³0LFURELDO� DQG�
SK\VLFR�FKHPLFDO�TXDOLW\�RI�SRZGHUHG�VR\PLON�VDPSOHV�LQ�$NZD�,ERP��6RXWK�
6RXWKHUQ�1LJHULD�´�$IULFDQ�-RXUQDO�RI�%LRWHFKQRORJ\��������������������

%HUQDW� 1��� &KiIHU� 0�� DQG� *RQ]iOH]�0DUWtQH]� &��� �������� 2SWLPLVDWLRQ� RI� RDW� PLON�
IRUPXODWLRQ�WR�REWDLQ�IHUPHQWHG�GHULYDWLYHV�E\�XVLQJ�SURELRWLF�/DFWREDFLOOXV�
UHXWHUL�PLFURRUJDQLVPV�� -RXUQDO�RI�)RRG�6FLHQFH�7HFKQRORJ\� ,QWHUQDWLRQDO���
����������í�����

%HVEHV�6��%OHFNHU�&��'HURDQQH�&��$WWLD�+����������$GGLQJ�YDOXH�WR�KDUG�GDWH��3KRHQL[�
GDFW\OLIHUD�/����&RPSRVLWLRQDO��IXQFWLRQDO�DQG�VHQVRU\�FKDUDFWHULVWLFV�RI�GDWH�
MDP��)RRG�&KHPLVWU\����������������

%LJODUL�)��$ONDUNKL�$)0��(DVD�$0����������$QWLR[LGDQW�DFWLYLW\�DQG�SKHQROLF�FRQWHQW�RI�
YDULRXV�GDWH�SDOP��3KRHQL[�GDFW\OLIHUD��IUXLWV�IURP�,UDQ��)RRG�&KHPLVWU\ �����
�����������

%L|UNOXQG�0��9DQ�5HHV�$��0HQVLQN�5����������&KDQJHV�LQ�VHUXP�OLSLGV�DQG�SRVWSUDQGLDO�
JOXFRVH�DQG�LQVXOLQ�FRQFHQWUDWLRQV�DIWHU�FRQVXPSWLRQ�RI�EHYHUDJHV�ZLWK�ȕ�
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JOXFDQV� IURP� RDWV� RU� EDUOH\�� D� UDQGRPLVHG� GRVH�FRQWUROOHG� WULDO�� (XURSHDQ
-RXUQDO�RI�&OLQLFDO�1XWULWLRQ��������������������

%UXQDYD��/���$OVLQD��,����=XWH��6���6WHUQD��9���9LFXSH�=�����������6RPH�FKHPLFDO�\LHOG�DQG�
TXDOLW\� SURSHUWLHV� RI� GRPHVWLF� RDW� FXOWLYDUV�� �WK�%DOWLF�&RQIHUHQFH� RQ� )RRG�
VFLHQFH� DQG� 7HFKQRORJ\� ³)RRG� IRU� &RQVXPHU� :HOO�EHLQJ´� )22'%$/7��
&RQIHUHQFH�SURFHHGLQJV����������

&KDYDQ� -�� DQG� .DGDP� 6�� �������� 1XWULWLRQDO� LPSURYHPHQW� RI� FHUHDOV� E\� IHUPHQWDWLRQ��
&ULWLFDO�5HYLHZV�LQ�)RRG�6FLHQFH�DQG�1XWULWLRQ��������������

&LYLOOH�*9��6]F]HVQLDN�$6����������*XLGHOLQHV�WR�WUDLQLQJ�D�WH[WXUH�SURILOH�SDQHO��-RXUQDO
RI�7H[WXUH�6WXGLHV���������

&RUWpV�5RMDVD��'�)���2OLYHLUDD��:��3����������3K\VLFRFKHPLFDO�SURSHUWLHV�RI�
SK\WRSKDUPDFHXWLFDO�SUHSDUDWLRQV�DV�DIIHFWHG�E\�GU\LQJ�PHWKRGV�DQG�FDUULHUV��
'U\LQJ�7HFKQRORJ\���������������

&UX]�1��&DSHOODV�0��+HUQDQGH]�0��7UXMLOOR�$-��*XDPLV�%��)HUUDJXW�9����������8OWUD�KLJK�
SUHVVXUH� KRPRJHQL]DWLRQ� RI� VR\PLON��PLFURELRORJLFDO�� SK\VLFRFKHPLFDO� DQG�
PLFURVWUXFWXUDO�FKDUDFWHULVWLFV��)RRG�5HVHDUFK�,QWHUQDWLRQDO��������±�����

'HDQH�'��&RPPHUV�(�� ��������2DW� FOHDQLQJ� DQG� SURFHVVLQJ�� ,Q�:HEVWHU� )+� �HG��2DWV��
FKHPLVWU\� DQG� WHFKQRORJ\�� $PHULFDQ� $VVRFLDWLRQ� RI� &HUHDO� &KHPLVWV�
,QWHUQDWLRQDO��6W��3DXO��0LQQHVRWD��86$��SS����������

'HRUD�1��'HVZDO�$����������1RQ�GDLU\�EDVHG�EHYHUDJHV��$Q�LQVLJKW��-RXUQDO�RI�1XWULWLRQ�
)RRG�5HVHDUFK�DQG�7HFKQRORJ\�������������'2,�����������MQIUW�������

'XWWD��6�.��1HPD��9�.�DQG�%KDUGZDM��5�.����������3K\VLFDO�SURSHUWLHV�RI�JUDP��-RXUQDO�
RI�$JULFXOWXUDO�(QJLQHHULQJ�5HVRXUFHV��������������

(GHW��$VXTXR�	�$QWDL��6\OYHVWHU�� ��������0LFURELRORJLFDO�DQG�%LRFKHPLFDO�$QDO\VLV�RI�
6R\PLON� 3URGXFHG� DQG� 6ROG� ZLWKLQ� &DODEDU� 0HWURSROLV�� 0LFURELRORJ\�
5HVHDUFK�-RXUQDO�,QWHUQDWLRQDO�������������������05-,�������������
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(O�6RKDLP\�6�$��DQG�+DIH]�(�(����������%LRFKHPLFDO�DQG�1XWULWLRQDO�&KDUDFWHUL]DWLRQV�RI�
'DWH� 3DOP� )UXLWV� �3KRHQL[� GDFW\OLIHUD� /��� -RXUQDO� RI� $SSOLHG� 6FLHQFHV
5HVHDUFK�������������������

)$267$7����������&URS�3URGXFWLRQ�DQG�7UDGH�'DWD��)RRG�DQG�$JUL�2UJDQL]DWLRQ�RI�WKH�
8QLWHG�1DWLRQ��$YDLODEOH�DW�KWWS���IDRVWDW�IDR�RUJ

)RUVEHUJ�5$��5HHYHV�'/����������$JURQRP\�RI�RDWV�� ,Q��:HOFK�5:��HG��7KH�RDW�FURS��
SURGXFWLRQ�DQG�XWLOL]DWLRQ��&KDSPDQ�DQG�+DOO��/RQGRQ��8.�����±�����

*RSDODQ�%��9���6DVWUL�5DPD�6��&��DQG�%DODVXEUDPDQLDQ����������1XWULWLYH�YDOXH�RI�,QGLDQ�
)RRGV��1DWLRQDO� ,QVWLWXWH� RI�1XWULWLRQ�� ,QGLDQ�&RXQFLO� RI�0HGLFDO� 5HVHDUFK�
+\GHUDEDG��,QGLD���������

*RXOD��$�0���$GDPRSRXORV��.�*�� �������� 6SUD\� GU\LQJ� RI� WRPDWR� SXOS�� HIIHFW� RI� IHHG�
FRQFHQWUDWLRQ��'U\LQJ�7HFKQRORJ\�����������������

+DVVDQ�� 0RKG�� �������� 3URGXFWLRQ� RI� 6SUD\�'ULHG� &RFRQXW� 0LON� 3RZGHU�� 3HUWDQLND�
-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\�����

+HDG�'6��&HQNRZVNL�6��$UQWILHOG�6��+HQGHUVRQ�.����������6XSHUKHDWHG�VWHDP�SURFHVVLQJ�
RI�RDW�JURDWV��/:7�)RRG�6FLHQFH�DQG�7HFKQRORJ\��O������������

+*&$�� $QRQ�� �������� &HUHDO� 9DULHW\� +DQGERRN�� +RPH� *URZQ� &HUHDOV� $VVRFLDWLRQ��
/RQGRQ��

+RQJ�<-��7RPDV�%DUEHUDQ�)$��.DGHU�$$��0LWFKHOO�$(����������7KH�IODYRQRLG�JO\FRVLGHV�
DQG� SURF\DQLGLQ� FRPSRVLWLRQ� RI� 'HJOHW� 1RRU� GDWHV� �3KRHQL[� GDFW\OLIHUD���
-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\�����������������

+RRYHU�5��9DVDQWKDQ�7����������6WXGLHV�RQ�LVRODWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�VWDUFK�IURP�
RDW��$YHQD�QXGD��JUDLQV��&DUERK\GUWDH�3RO\PHUV��������������

+X�=���=KHQJ�0���/L�;���;X�&��DQG�=KDR�4����������&KHPLFDO�FRPSRVLWLRQ�DQG�VHQVRU\�
FKDUDFWHULVWLFV� RI� RDW� IODNHV��$� FRPSDUDWLYH� VWXG\� RI� QDNHG� RDW� IODNHV� IURP�
&KLQD�DQG�KXOOHG�RDW�IODNHV�IURP�ZHVWHUQ�FRXQWULHV� -RXUQDO�RI�&HUHDO�6FLHQFH��
�������������
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+XVVHLQ�$0�����0RKPHG�7)��(O�$]L]�0$��$VKRXU�1�DQG�0RVWDID�($������������(YDOXDWLRQ��
RI��SK\VLFR�FKHPLFDO��SURSHUWLHV��RI��VRPH���GDWH���YDULHWLHV���DQG���\RJKXUW���PDGH���
ZLWK��LWV�V\UXSV��-RXUQDO�RI�%LRORJLFDO�6FLHQFHV����������������

+XVVHLQ�$6��$OKDGUDPL�*$����������7KH�XVH�RI�GDWHV�DQG�GDWH�SLWV�LQ�EURLOHU�VWDUWHU�DQG�
ILQLVKHU�GLHWV��%LRUHVRXUFH�7HFKQRORJ\���������������

,&05����������0DQXDO�PHWKRG�RI�DQDO\VLV�IRU�DGXOWHUDQWV�DQG�FRQWDPLQDQWV�LQ�IRRGV�������
,�/��3DUGHVKL��5�3��0XUXPNDU�DQG�3�7��7D\DGH����������2SWLPL]DWLRQ�RI�3URFHVV�IRU�6SUD\�

'U\LQJ�RI�6R\PLON�DQG�6SURXWHG�6R\EHDQ�0LON�-RXUQDO�RI�*UDLQ�3URFHVVLQJ�
DQG�6WRUDJH��������������

,QJOHWW�*)����������0HWKRG�IRU�PDNLQJ�D�VROXEOH�GLHWDU\�ILEHU�FRPSRVLWLRQ�IURP�RDWV��86�
3DWHQW����������

,VKXUG�2��.HQQHG\�-)�� ��������7KH�DQWLFDQFHU�DFWLYLW\�RI�SRO\VDFFKDULGH�SUHSDUHG�IURP�
/LE\DQ�GDWHV��&DUERK\GUDWH�3RO\PHUV���������������

-DKURPL�� 0�� 	� 5DILHH�� 6KDKLQ� 	� -DIDUL�� $�� 	� %RXVHMLQ�� 0�5�� 	� 0LUDVKHK�� 5H]D� 	�
0RKWDVHEL��6H\HG����������6RPH�3K\VLFDO�SURSHUWLHV�RI�'DWH�)UXLW��FY��/DVKW���
,QWHUQDWLRQDO�$JURSK\VLFV������

-XYRQHQ�.5�� 3XUKRQHQ�$.�� 6DOPHQNDOOLR�0DUWWLOD�0�� /DKWHHQPDNL� /�� /DDNVRQHQ�'(��
3RXWDQHQ�.6��.DUKXQHQ�/-���������9LVFRVLW\�RI�RDW�EUDQ�HQULFKHG�EHYHUDJHV�
LQIOXHQFHV�JDVWURLQWHVWLQDO�KRUPRQDO�UHVSRQVHV�LQ�KHDOWK\�KXPDQV��-RXUQDO�RI�
1XWULWLRQ������������������

.DMV� 0�� 7KHUHVD� DQG� +DJHQPDLHU�� 5�� DQG� 9DQGHU]DQW�� &�� 	� 0DWWLO�� .��� ��������
0LFURELRORJLFDO�HYROXWLRQ�RI�FRFRQXW�DQG�FRFRQXW�SURGXFWV��-RXUQDO�RI�)RRG
6FLHQFH� �������������

.DUSSLQHQ�6��/LXNNRQHQ�.��$XUD�$��)RUVVHOO�3��3RXWDQHQ�.����������,Q�YLWUR�IHUPHQWDWLRQ�
RI� SRO\VDFFKDULGHV� RI� U\H�ZKHDW� DQG� RDW� EUDQV� DQG� LQXOLQ� E\� KXPDQ� IDHFDO�
EDFWHULD��-RXUQDO�RI�WKH�6FLHQFH�RI�)RRG�DQG�$JULFXOWXUH����������������
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.ZRN� .&�� 1LUDQMDQ� .�� �������� 5HYLHZ�� HIIHFW� RI� WKHUPDO� SURFHVVLQJ� RQ� VR\� PLON��
,QWHUQDWLRQDO�-RXUQDO�RI�)RRG�6FLHQFH�DQG�7HFKQRORJ\��������������

/DXULH�0�%LDQFKL� 6XVDQ�(�'XQFDQ� -DQHW�%�:HEVWHU� 'DU\DQ�6�-RKQVRQ� +DR�+VXQ�&KDQJ�
-RVHSK�(�0DUF\� DQG�6HDQ�)�2
.HHIH� ��������3URWHFWLQJ�VR\PLON�IODYRU�DQG�
QXWULHQWV�IURP�SKRWRGHJUDGDWLRQ� )RRG�6FLHQFH 1XWULWLRQ�����������������

/\O\�0��/LXNNRQHQ�.+��6DOPHQNDOOLR�0DUWWLOD��0DUMDWWD�	�.DUKXQHQ��/HLOD�	�3RXWDQHQ��
.DLVD�//����������)LEUH�LQ�EHYHUDJHV�FDQ�HQKDQFH�SHUFHLYHG�VDWLHW\��(XURSHDQ�
-RXUQDO�RI�1XWULWLRQ�����������������

0DKDZDU�0.��-DOJDRQNDU�.��.XPDU�0��0HHQD�96��%KXVKDQ�%����������'HWHUPLQDWLRQ�RI�
VRPH�SK\VLFDO�SURSHUWLHV�RI�GDWH�SDOP�IUXLWV��FY��.KDGUDZ\�DQG�0HMGRRO��$FWD�
$JURSK\VLFD�������������������

0DNNL��0���+DPRRGD��$���DQG�$O�$EUL��$����������7KH�'DWH�3DOP��&XOWXUH��2SHUDWLRQ�DQG�
0DLQWHQDQFH��0XVFDW��2PDQ��0RGHUQ�&RORU�3XEOLVKHUV��

0DQLFNDYDVDJDQ�$���.��7KDQJDYHO��6��5��6��'HY��'��6��$QLHVUDQL�'HOIL\D��(��1DPEL��9��2UVDW�
	�*��6��9��5DJKDYDQ���������3K\VLFRFKHPLFDO�&KDUDFWHULVWLFV�RI�'DWH�

3RZGHU� 3URGXFHG� LQ� D� 3LORW� 6FDOH� 6SUD\� 'U\HU�� 'U\LQJ� 7HFKQRORJ\�� $Q�
,QWHUQDWLRQDO�-RXUQDO��'2,��������������������������������

0DQRODFKH��)XOYLD�$QFXWD�	�+DQJDQX��$QDPDULD�	�'XWD��'HQLVD�	�%HOF��1DVWDVLD�	�
0DULQ��'RUX����������7KH�3K\VLFR�FKHPLFDO�DQG�6SHFWURVFRSLF�&RPSRVLWLRQ�
&KDUDFWHUL]DWLRQ�RI�2DW�*UDLQV�DQG�2DW�2LO�6DPSOHV��5HYLVWD�GH�&KLPLH�����
�������

0DQVRXUL�$��(PEDUHN�*��.RNNDORX�(��.HIDODV�3����������3KHQROLF�SURILOH�DQG�DQWLR[LGDQW�
DFWLYLW\� RI� WKH� $OJHULDQ� ULSH� GDWH� SDOP� IUXLW� �3KRHQL[� GDFW\OLIHUD��� )RRG
&KHPLVWU\���������������

0DU]RXN�+$��.DVVHP�+$����������,PSURYLQJ�IUXLW�TXDOLW\��QXWULWLRQDO�YDOXH�DQG�\LHOG�RI�
=DJKORXO�GDWHV�E\�WKH�DSSOLFDWLRQ�RI�RUJDQLF�DQG�RU�PLQHUDO�IHUWLOL]HUV��6FLHQWLD
+RUWLFXOWXUDH����������������
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0HLOJDDUG�0��� &LYLOOH� *�9�� DQG� &DUU� %�7�� �������� 6HQVRU\� HYDOXDWLRQ� WHFKQLTXHV�� �UG�
HGLWLRQ�&5&�3UHVV�,QF��%RFD�5DWRQ� )ORULGD�

gQQLQJ�*��cNHVVRQ�%��gVWH�5��/XQGTXLVW�,����������(IIHFWV�RI�FRQVXPSWLRQ�RI�RDW�PLON��
VR\D�PLON��RU�FRZ¶V�PLON�RQ�SODVPD�OLSLGV�DQG�DQWLR[LGDWLYH�FDSDFLW\�LQ�KHDOWK\�
VXEMHFWV��$QQDOV�RI��1XWULWLRQ�DQG�0HWDEROLVP�������������������

2YDQGR�0DUWLQH]�0��:KLWQH\�.��5HXKV�%/��'RHKOHUW�$&��6LPVHN�6�� ��������(IIHFW�RI�
K\GURWKHUPDO�WUHDWPHQW�RQ�SK\VLFRFKHPLFDO�DQG�GLJHVWLELOLW\�SURSHUWLHV�RI�RDW�
VWDUFK��)RRG�5HVHDUFK�,QWHUQDWLRQDO���������������

3DQVH�9�*��DQG�6XNKDWPH�3�9����������6WDWLVWLFDO�PHWKRGV�IRU�DJULFXOWXUDO�ZRUNHUV��,QGLDQ�
&RXQFLO�RI�$JULFXOWXUH�5HVHDUFK��1HZ�'HOKL���������

3DUYLQ�6��(DVPLQ�'��6KHLNK�$��%LVZDV�0��6KDUPD�6&��-DKDQ�*6��,VODP�0$��5R\�1��DQG�
6KRYRQ�06����������1XWULWLRQDO�$QDO\VLV�RI�'DWH�)UXLWV��3KRHQL[�GDFW\OLIHUD�
/��� LQ� 3HUVSHFWLYH� RI�%DQJODGHVK��$PHULFDQ� -RXUQDO� RI� /LIH� 6FLHQFHV�� ������
��������

3ULRU� 5/�� -RVHSK� -$�� &DR� *�� 6XNLWW�+DOOH� %�� �������� &DQ� IRRGV� IRUHVWDOO� DJLQJ"�
$JULFXOWXUDO 5HVHDUFK�-RXUQDO� ����������

5DQJDQQD�6�� ��������+DQGERRN�RI� DQDO\VLV� DQG� TXDOLW\� FRQWURO� IRU� IUXLWV� DQG� YHJHWDEOH�
SURGXFWV��VHFRQG�HGLWLRQ��7DWD�0F�*UDZ�+LOO�3XEO��&R��/WG���1HZ�'HOKL��,QGLD�

5DVDQH�3��-KD�$��6DEKLNL�/��.XPDU�$��8QQLNULVKQDQ�96����������1XWULWLRQDO�DGYDQWDJHV�
RI�RDWV� DQG�RSSRUWXQLWLHV� IRU� LWV� SURFHVVLQJ�DV�YDOXH�DGGHG IRRGV�� D� UHYLHZ��
-RXUQDO�RI�)RRG�6FLHQFH�DQG�7HFKQRORJ\������������±�����

5DWKHH�9����������/DFWRVH�LQWROHUDQFH��$�QHZ�ILQGLQJ�LQ�,QGLDQ�SHUVSHFWLYH��,QGLD�0HGLFDO�
7LPHV���

5DYMLQGDPED�� 7VHWVHJPDD� 	� 7VHWVHJHH�� '�� �������� (YDOXDWLRQ� RI� D� )HUPHQWHG� 2DW�
%HYHUDJH��3URFHHGLQJV�RI�,QWHUQDWLRQDO�)RUXP�2Q�6FLHQWLILF�7HFKQRORJ\�������
���������
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5D]D��1��$UVKDG��08��$QMXP��)0��6DHHG��)��0DDQ��$$��%DGHU�8O�$LQ��+����������,PSDFW�
RI�GU\LQJ�PHWKRGV�RQ�FRPSRVLWLRQ�DQG� IXQFWLRQDO�SURSHUWLHV�RI�GDWH�SRZGHU�
SURFXUHG�IURP�GLIIHUHQW�FXOWLYDUV��)RRG�6FLHQFH�DQG�1XWULWLRQ���������������

6DQGKX�.���*RGDUD�3���.DXU�0���3XQLD�6����������(IIHFW�RI�WRDVWLQJ�RQ�SK\VLFDO��IXQFWLRQDO�
DQG�DQWLR[LGDQW�SURSHUWLHV�RI�IORXU�IURP�RDW��$YHQD�VDWLYD�/���FXOWLYDUV��-RXUQDO�
RI�WKH�6DXGL�6RFLHW\�RI�$JULFXOWXUDO�6FLHQFHV����������������

6DQJDPL�5�DQG�5DGKDL�6UL�6����������([WUDFWLRQ�DQG�VWDQGDUGL]DWLRQ�RI�LQGLJHQRXV�RDW�PLON�
,QWHUQDWLRQDO�-RXUQDO�RI�&XUUHQW�$GYDQFHG�5HVHDUFK��������������������

6HWKL�6��7\DJL�6.��$QXUDJ�5.����������3ODQW�EDVHG�PLON�DOWHUQDWLYHV�DQ�HPHUJLQJ�VHJPHQW�
RI�IXQFWLRQDO�EHYHUDJHV��D�UHYLHZ��-RXUQDO�RI�)RRG�6FLHQFH�DQG�7HFKQRORJ\��
�����������������

6KDILHL�0��.DULPL�.��7DKHU]DGHK�0-����������3DOP�GDWH�ILEHUV��DQDO\VLV�DQG�HQ]\PDWLF�
K\GURO\VLV��,QWHUQDWLRQDO�-RXUQDO�RI�0ROHFXODU�6FLHQFHV�����������������

6LQJK�-6����������(IIHFW�RI�FRQWLQXRXV�IORZ�KLJK�SUHVVXUH�WKURWWOLQJ��&)+37��RQ�TXDOLW\�
DWWULEXWHV� RI� VR\PLON� DQG� FKDQJHV� GXULQJ� VWRUDJH��$� WKHVLV� VXEPLWWHG� WR� WKH�
*UDGXDWH�)DFXOW\�RI�7KH�8QLYHUVLW\�RI�*HRUJLD� LQ�3DUWLDO�)XOILOOPHQW�RI� WKH�
5HTXLUHPHQWV�IRU�WKH�'HJUHH�0DVWHU�RI�6FLHQFH��

6NHQGL�$��%LOLDGHULV�&*��/D]DULGRX�$��,]\GRUF]\N��0�6����������6WUXFWXUH�DQG�UKHRORJLFDO�
SURSHUWLHV�RI�ZDWHU�VROXEOH�ȕ�JOXFDQV�IURP�RDW�FXOWLYDUV�RI�$YHQD�VDWLYD�DQG�
$YHQD�E\VDQWLQD��-RXUQDO�RI &HUHDO�6FLHQFH������������

6RODQNL�&���0ULGXOD�'�DQG�*XSWD�5����������(YDOXDWLRQ�RI�SK\VLFDO�SURSHUWLHV�RI�RDW�JUDLQ�
�$YHQD�VDWLYD���&KHPLFDO�6FLHQFH�5HYLHZ�DQG�/HWWHUV������������������

6SLOOHU�*$��HGLWRU����������� &5&�+DQGERRN�RI�'LHWDU\�ILEHU�LQ�+XPDQ�1XWULWLRQ��%RFD�
5DWRQ��)/��&5&�3UHVV�����S��

6WHUQDD�9���=XWHE�6���%UXQDYDD�/����������2DW�JUDLQ�FRPSRVLWLRQ�DQG�LWV�QXWULWLRQ�EHQHILFH��
$JULFXOWXUH�DQG�$JULFXOWXUDO�6FLHQFH�3URFHGLD�����������������

7KRPEDUH�'�7���6KHQGH�5�7��1LUJXGH��0��6�DQG�+��6��6KLQGH����������³0LFURELRORJLFDO�
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$QDO\VLV� 2I� 6R\� 0LON� 3URGXFHG� )URP� 6R\EHDQ´� ,265� -RXUQDO� RI
%LRWHFKQRORJ\�DQG�%LRFKHPLVWU\ �,265�-%%���������������

7UXVZHOO� $6�� �������� &HUHDO� JUDLQV� DQG� FRURQDU\� KHDUW� GLVHDVH�� (XURSHDQ� -RXUQDO� RI�
&OLQLFDO 1XWULWLRQ��������������

86'$� >8QLWHG� 6WDWHV�'HSDUWPHQW� RI�$JULFXOWXUH@�� ��������1DWLRQDO�1XWULHQW�'DWDEDVH��
$YDLODEOH�DW�ZZZ�QDO�XVGD�JRY�IQLF�IRRGFRPS�VHDUFK�

9DOHQFLD�)ORUHV�'&��+HUQiQGH]�+HUUHUR�0��*XDPLV�%��)HUUDJXW�9����������&RPSDULQJ�WKH�
HIIHFWV� RI� XOWUD�KLJK�SUHVVXUH� KRPRJHQL]DWLRQ� DQG� FRQYHQWLRQDO� WKHUPDO�
WUHDWPHQWV�RQ� WKH�PLFURELRORJLFDO��SK\VLFDO��DQG�FKHPLFDO�TXDOLW\�RI�DOPRQG�
EHYHUDJHV��-RXUQDO�RI�)RRG 6FLHQFH��������(����(�����

9D\DOLO�3.����������$QWLR[LGDQW�DQG�DQWLPXWDJHQLF�SURSHUWLHV�RI�DTXHRXV�H[WUDFW�RI�GDWH�
IUXLW� �3KRHQL[� GDFW\OLIHUD� /�� $UHFDFHDH��� -RXUQDO� RI� $JULFXOWXUDO� DQG� )RRG�
&KHPLVWU\���������������

9LVVRWWR�� )�=��� -RUJH�� /�&��� 0DNLWD�� *�7��� 5RGULJXHV�� 0�,��� 0HQHJDOOL�� )�&�� ��������
,QIOXHQFH�RI�WKH�SURFHVV�SDUDPHWHUV�DQG�VXJDU�JUDQXORPHWU\�RQ�FRFRD�EHYHUDJH�
SRZGHU�VWHDP�DJJORPHUDWLRQ��-RXUQDO�RI��)RRG�(QJLQHHULQJ���������������

:DQJ 5��.RXWLQDV�$$��&DPSEHOO�*0����������(IIHFW�RI�SHDUOLQJ�RQ�GU\�SURFHVVLQJ�RI�RDWV��
-RXUQDO RI�)RRG�(QJLQHHULQJ��������������

:DQL�6��$���6KDK�7��5���%D]DULD�%���1D\LN�*��$���*XOO�$��� �0X]DIIDU�.��DQG�.XPDU�3���
���������2DWV�DV�D�IXQFWLRQDO�IRRG��D�UHYLHZ� 8QLYHUVDO�-RXUQDO�RI�3KDUPDF\��
��������������

:HOFK�5:����������2DWV� LQ�KXPDQ�QXWULWLRQ�DQG�KHDOWK�� ,Q��:HOFK�5:��HGLWRU��7KH�RDW�
FURS��3URGXFWLRQ�DQG�XWLOL]DWLRQ��/RQGRQ��&KDSPDQ�DQG�+DOO�����������
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