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,VRODWLRQ�DQG�&KDUDFWHUL]DWLRQ�RI�(VVHQWLDO�2LO�IURP�
&\PERSRJRQ�FLWUDWHV�*URZQ�LQ�1HSDO

6KDQWD�3RNKUHO �DQG�6DQMD\�.XPDU�<DGDY�

'HSDUWPHQW�RI�&KHPLVWU\��7UL�&KDQGUD�0XOWLSOH�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX��1HSDO�
(PDLO��VKDQWDEKDWWDUDL����#JPDLO�FRP�

$EVWUDFW�

,Q� WKLV�ZRUN� HVVHQWLDO� RLO�ZDV� REWDLQHG� E\� K\GUR�GLVWLOODWLRQ� IURP� DLU� GULHG� OHDYHV� RI�&\PERSRJRQ�
FLWUDWHV XVLQJ�&OHYHQJHU�DSSDUDWXV�DQG�DQDO\]HG�E\�*DV�FKURPDWRJUDSK\±PDVV�VSHFWURPHWU\��*&�06��
WHFKQLTXH��7ZHQW\�WKUHH�FKHPLFDO�FRPSRQHQWV�ZHUH�LGHQWLILHG�LQ�WKH�HVVHQWLDO�RLO�RI�&\PERSRJDQ�FLWUDWXV�
OHDYHV��$PRQJ�WKHP�JHUDQLDO��FLWUDO� ����������QHUDO��FLWUDO� ���������DQG�P\UFHQH��������ZHUH�IRXQG�
DV�PDMRU�FRPSRQHQWV��7KH�SUHOLPLQDU\�SK\WRFKHPLFDO�DQDO\VLV�RI�WKH�PHWKDQROLF�H[WUDFW�RI�&\PERSRJRQ�
FLWUDWHV OHDYHV VKRZHG� WKDW� LW� KDV� DONDORLGV�� WDQQLQV�� FDUERK\GUDWHV� DQG� IODYRQRLGV� ZKHUHDV� QHJDWLYH�
UHVXOWV�IRU�SKHQROV��

.H\ZRUGV��&\PERSRJRQ�FLWUDWHV� (VVHQWLDO�RLO��&LWUDO� ��&LWUDO� ��*&�06��0\UFHQH�

,QWURGXFWLRQ�

3ODQWV�KDYLQJ�HVVHQWLDO�RLOV�DUH�VLJQLILFDQWO\�LPSRUWDQW�LQ�PHGLFDO�SUDFWLFH��7KH�FKHPLFDO�FRPSRVLWLRQ�
RI�HVVHQWLDO�RLO�LV�FRPSOH[�DQG�PD\�FRQWDLQ�KXQGUHGV�RI�FRPSRQHQWV��,W�LV�D�PL[WXUH�RI�IUDJUDQW�YRODWLOH�
VXEVWDQFHV� VXFK� DV�PRQRWHUSHQHV�� VHVTXLWHUSHQHV�� DURPDWLF� FRPSRXQGV�� DQG� WKHLU� GHULYDWLYHV��(VVHQWLDO�
RLOV� KDYH� EHHQ� XVHG� DV� DQWLPLFURELDO�� DQWL�LQIODPPDWRU\�� VHGDWLYH�� H[SHFWRUDQWV�� DQG� GLDSKRUHWLFV� HWF��
7KHUH�DUH�QXPHURXV�PHGLFLQDO�SODQWV�SRVVHVV�HVVHQWLDO�RLOV�LQ�WKHLU�WLVVXHV�VXFK�DV�VDJH��6DOYLD�RIILFLQDOLV
/����HXFDO\SWXV�VSHFLHV��SHSSHUPLQW� �0HQWKD�SLSHULWD�/����6FRWFK�SLQH��HOHFDPSDQH��,QXOD�KHOHQLXP�/����
OLQGHQ��7LOLD�FRUGDWD�0LOO���JDUGHQ�KHOLRWURSH��9DOHULDQD�RIILFLQDOLV�/����HWF���

/HPRQJUDVV��&\PERSRJRQ�FLWUDWXV�� LV� D�SHUHQQLDO�PHGLFLQDO� SODQW�EHORQJLQJ� WR� IDPLO\�*HUDPLQHDH��
DQG� LW� LV�GLVWULEXWHG�ZRUOGZLGH� LQ� WURSLFDO� DQG�VXEWURSLFDO� DUHDV�RI�$VLD��$IULFD�� DQG�$PHULFD�����6RPH�
VSHFLHV� �SDUWLFXODUO\�&\PERSRJDQ� FLWUDWXV�� DUH� FRPPRQO\� FXOWLYDWHG� DV� FXOLQDU\� DQG� PHGLFLQDO� KHUEV�
EHFDXVH�RI� WKHLU� VFHQW� UHVHPEOLQJ� WKDW�RI� OHPRQV��FLWUXV� OHPRQ���&RPPRQ�QDPHV� LQFOXGHV� OHPRQ�JUDVV��
VDUEHG�ZLUH� JUDVV�� VLON\� KHDGV�� FLWURQHOOD� JUDVV�� IHYHU� JUDVV�� WDQJOHG� KLHUED� RU� JDYDWL� FKDKDSDWL� DPRQJ�
PDQ\�RWKHUV���

/HPRQJUDVV�LV�ZLGHO\�XVHG�DV�FXOLQDU\�KHUE�LQ�$VLDQ�FXLVLQHV�DQG�DOVR�DV�PHGLFLQDO�KHUE�LQ�,QGLD��,W�
KDV� D� VXEWOH� FLWUXV� IODYRXU� DQG� FDQ�EH�GULHG� DQG�SRZGHUHG�RU� XVHG� IUHVK�� ,W� LV� FRPPRQO\�XVHG� LQ� WHDV��
VRXSV��DQG�FXUULHV��,W�LV�DOVR�VXLWDEOH�IRU�WKH�XVH�ZLWK�SRXOWU\�ILVK��EHHI�DQG�VHD�IRRG��,W�LV�RIWHQ�XVHG�DV�D�
WHD�LQ�$IULFDQ�FRXQWULHV�VXFK�DV�7RJR��6RXWK�(DVWHUQ�*KDQD�9ROWD�UHJLRQ�DQG�WKH�GHPRFUDWLF�UHSXEOLF�RI�

�ŽƌƌĞƐƉŽŶĚŝŶŐ�ĂƵƚŚŽƌ



:͘�EĞƉĂů��ŚĞŵ͘�^ŽĐ͕͘�sŽů͘�ϯϵ͕�ϮϬϭϴ

Ͳ�ϳϭ�Ͳ

&RQJR� DQG� ODWLQ� $PHULFDQ� FRXQWULHV� VXFK� DV� 0H[LFR��� /HPRQJUDVV� RLO� LV� XVHG� DV� SHVWLFLGHV� DQG�
SUHVHUYDWLYH�� 5HVHDUFK� VKRZV� WKH� OHPRQJUDVV� RLO� KDV� DQWLIXQJDO� SURSHUWLHV�� 'HVSLWH� LWV� DELOLW\� WR� UHSHO�
VRPH�LQVHFWV�VXFK�DV�PRVTXLWRHV��LWV�RLO�LV�FRPPRQO\�XVHG�DV�µOXUH¶�WR�DWWUDFW�KRQH\�EHHV���

/HPRQ�JUDVV�&\PERSRJDQ�QDUGXV�DQG�&\PERSRJDQ�ZLQWHULDQXV�JURZ�WR�DERXW���P������IW��DQG�KDYH�
PDJHQWD� FRORXUHG� EDVH� VWHPV�� 7KHVH� VSHFLHV� DUH� XVHG� LQ� WKH� SURGXFWLRQ� RI� VRDSV�� LQVHFW� UHSHOODQW�
�HVSHFLDOO\� PRVTXLWRHV�� LQ� LQVHFW� VSUD\V� DQG� FDQGOHV� DQG� LQ� DURPDWKHUDS\�� 7KH� SULQFLSDO� FKHPLFDO�
FRQVWLWXHQWV� L�H��JHUDQLRO� DQG�FLWURQHOORO�RI� FLWURQHOOD�� DUH� WKH�DQWLVHSWLFV��� ,W� LV�XVHG�DV�D�SHVWLFLGHV�DQG�
SUHVHUYDWLYHV��LV�SXW�RQ�WKH�DQFLHQW�SODQW�OHDI�PDQXVFULSWV�IRXQG�LQ�1HSDO�DQG�,QGLD�SUHVHUYDWLYH���,W�LV�DOVR�
XVHG� DV� DQ� DGGLWLRQ� WR� WHD�� DQG� LQ� SUHSDUDWLRQV� VXFK� DV�NDGKD��ZKLFK� LV� D� WUDGLWLRQDO� KHUEDO� EUHZ�XVHG�
DJDLQVW�FRXJKV��FROGV��HWF��,W�KDV�PHGLFLQDO�SURSHUWLHV�WRR�DQG�LV�XVHG�ZLGHO\�LQ�D\XUYHGLF�PHGLFLQH��,W�LV�
VXSSRVHG�WR�KHOS�ZLWK�UHOLHYLQJ�FRXJK�DQG�QDVDO�FRQJHVWLRQ��,W�VKRZV�DQWLR[LGDQW��DQWL�FDQFHU�SURSHUWLHV�
DQG�DQWL�LQIODPPDWRU\�SURSHUW\����

+HUEDO�GUXJV�KDYH�EHHQ�XVHG�ZRUOGZLGH�GXULQJ�WKH�ODVW�IHZ�GHFDGHV�DV�HYLGHQFHG�E\�UDSLGO\�JURZLQJ�
JOREDO�DQG�QDWLRQDO�PDUNHWV�RI�KHUEDO�GUXJV��� 6HYHUDO�VWXGLHV�LQGLFDWHG�WKDW�DSSUR[LPDWHO\�����RI�GUXJV�
SURGXFHG� LQ� WKH�GHYHORSHG�FRXQWULHV�DUH�GHULYHG� IURP�SODQWV����7KH�SUHVHQW� UHVHDUFK�ZDV�FDUULHG�RXW� WR�
HYDOXDWH� SK\WRFRQVWLWXHQWV� RI� PHWKDQROLF� H[WUDFW� RI� &\PERSRJDQ� FLWUDWHV� OHDYHV DQG� LQYHVWLJDWH� WKH�
FRPSRVLWLRQ�RI�LWV�H[WUDFWHG�HVVHQWLDO�RLO�YLD�*DV�FKURPDWRJUDSK\�PDVV�VSHFWURPHWU\��*&�06��WHFKQLTXH��

([SHULPHQWDO�0HWKRGV�

0DWHULDOV�DQG�6DPSOH�3UHSDUDWLRQ�

7KH� IUHVK� OHDYHV� RI� &\PERSRJRQ� FLWUDWXV� ZHUH� FROOHFWHG� IURP� WKH� 1HSDO� $JULFXOWXUDO� 5HVHDUFK�
&RXQFLO� /DOLWSXU�� 1HSDO�� )UHVK� DQG� GULHG� OHDYHV� RI� ZHUH� VXEMHFWHG� WR� K\GUR�GLVWLOODWLRQ� IRU� �� K�� XVLQJ�
&OHYHQJHU�W\SH�DSSDUDWXV��DFFRUGLQJ�WR�PHWKRG�UHFRPPHQGHG�E\�*XHQWKHU����7KH�H[WUDFWHG�HVVHQWLDO�RLOV�
ZHUH�GULHG�ZLWK�DQK\GURXV�VRGLXP�VXOSKDWH�DQG�VWRUHG�LQ�VHDOHG�FXEHW�DW�ORZ�WHPSHUDWXUH�EHIRUH�DQDO\VLV��
7KH�H[WUDFWHG�RLO�ZDV�DQDO\]HG�E\�*&�06�XVLQJ�9DULDQ�����*&�06�V\VWHP�HTXLSSHG�ZLWK�9)���IXVHG�

FDSLOODU\�FROXPQ����P�[������PP��L�H��ILOP�WKLFNQHVV�������P���RYHQ�WHPSHUDWXUH�ZDV�������� �DW�D�UDWH�

RI��� �PLQ��WUDQVIHU�OLQH�WHPSHUDWXUH����� ��FDUULHU�JDV�ZDV�KHOLXP�ZLWK�D�IORZ�UDWH�RI���P/�PLQ��VSOLW�
UDWLR� ������ LRQL]DWLRQ� HQHUJ\� ��� H9�� DQG� PDVV� UDQJH� ������� DPX�� 7KH� FRQVWLWXHQWV� RI� WKH� RLO� ZHUH�
LGHQWLILHG� E\� FRPSDULVRQ� RI� WKHLU� PDVV� VSHFWUD� ZLWK� WKRVH� RI� D� FRPSXWHU� OLEUDU\� RU� ZLWK� DXWKHQWLF�
FRPSRXQGV��

3K\WRFKHPLFDO�VFUHHQLQJ�

)RU�SK\WRFKHPLFDO� VFUHHQLQJ�� WKH�SODQW� VDPSOHV�ZHUH� FUXVKHG� DQG�EOHQGHG� LQWR� LQWR� VPDOOHU� SLHFHV��
����J�RI�SRZGHUHG�&\PERSRJRQ�FLWUDWXV�VDPSOHV��OHDI��ZHUH�WDNHQ�LQWR������P/�FDSDFLW\�FRQLFDO�IODVN��
�����P/�PHWKDQRO�ZDV�SRXUHG�WR�WKH�VDPSOH��7KH�FRQLFDO�IODVN�FRQWDLQLQJ�WKH�PL[WXUHV�ZDV�SODFHG�RQ�D�
VKDNHU� IRU� ��� KRXUV� DQG� ILOWHUHG� WKH� FRQWHQW� WKURXJK�PXVOLQ� FORWK�� 7KH� ILOWUDWH�ZDV� WKHQ� ILOWHUHG� DJDLQ�
XVLQJ�VXFWLRQ�SUHVVXUH�ZLWK� WKH�DLG�RI�D�YDFXXP�SXPS��7KH� ILOWHUHG�H[WUDFW�ZDV�FRQFHQWUDWHG�XVLQJ� WKH�

URWDU\�HYDSRUDWRU�HTXLSPHQW� WKHQ�GULHG�RQ�DQ�HYDSRUDWLQJ�GLVK�DW�D� WHPSHUDWXUH�RI������� WR�D� VHPL�
VROLG� IRUP�� $� VWLFN\� VHPL�VROLG� JUHHQLVK� VXEVWDQFH� REWDLQHG� ZKLFK� ZDV� VXEMHFWHG� IRU� SK\WRFKHPLFDO�
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VFUHHQLQJ� XVLQJ� VWDQGDUG� SURFHGXUHV������� 7KH� IROORZLQJ� TXDOLWDWLYH� WHVWV� IRU� ERWK� WKH�PHWDEROLWHV�ZHUH�
GRQH�DV�IROORZV��

7HVW�IRU�DONDORLGV

$ERXW����PJ�RI�H[WUDFW�ZDV�WDNHQ�DQG�IHZ�GURSV�RI�:DJQHU¶V�UHDJHQW�ZHUH�DGGHG�DQG�WKH�IRUPDWLRQ�
RI�D�UHGGLVK�EURZQ�SUHFLSLWDWH�LQGLFDWHV�WKH�SUHVHQFH�RI�DONDORLGV��

7HVW�IRU�)ODYRQRLGV

6KLQRGD� 7HVW�� ��� PJ� RI� H[WUDFW� ZDV� DGGHG� WR� SLQFK� RI� PDJQHVLXP� WXUQLQJV� DQG� ���� GURSV� RI�
FRQFHQWUDWHG�K\GURFKORULF�DFLG�ZDV�DGGHG��)RUPDWLRQ�RI�SLQN�FRORU�LQGLFDWHV�WKH�SUHVHQFH�RI�)ODYDQRLGV��

/HDG�DFHWDWH�WHVW�����PJ�RI�H[WUDFW�ZDV�WDNHQ�DQG�IHZ�GURSV�RI�����OHDG�DFHWDWH�VROXWLRQ�ZDV�DGGHG��
$SSHDUDQFH�RI�\HOORZ�FRORXU�SUHFLSLWDWH�LQGLFDWHV�WKH�SUHVHQFH�RI�IODYRQRLGV��

7HVW�IRU�3KHQROV�DQG�7DQQLQV

/HDG�DFHWDWH�WHVW�����PJ�RI�H[WUDFW�ZDV�WDNHQ�DQG�����P/�RI����OHDG�DFHWDWH�VROXWLRQ�ZDV�DGGHG�DQG�
WKH�IRUPDWLRQ�RI�SUHFLSLWDWH�LQGLFDWHV�WKH�SUHVHQFH�RI�WDQQLQV�DQG�SKHQROLF�FRPSRXQGV��

)HUULF�FKORULGH�WHVW��)LYH�PJ�RI�H[WUDFW�ZDV�WDNHQ�DQG�����P/�RI����IHUULF�FKORULGH�ZDV�DGGHG��7KH�
GHYHORSPHQW�RI�GDUN�EOXLVK�EODFN�FRORU�LQGLFDWHV�WKH�SUHVHQFH�RI�WDQQLQV��

6RGLXP�K\GUR[LGH� WHVW��)LYH�PJ�RI�H[WUDFW�ZDV�GLVVROYHG� LQ�����PO�RI�����VXOSKXULF�DFLG� VROXWLRQ��
)ROORZHG�E\�DGGLWLRQ�RI�IHZ�GURSV�RI�DTXHRXV�VRGLXP�K\GUR[LGH�VROXWLRQ��LW� WXUQV�EOXH�ZKLFK�LQGLFDWHV�
WKH�SUHVHQFH�RI�SKHQROV��

7HVW�IRU�&DUERK\GUDWHV�

)HKOLQJ¶V�WHVW��)LYH�PO�RI�)HKOLQJ¶V�VROXWLRQ�ZDV�DGGHG�WR�����PJ�RI�H[WUDFW�DQG�ERLOHG�LQ�D�ZDWHU�EDWK��
7KH�IRUPDWLRQ�RI�\HOORZ�RU�UHG�SUHFLSLWDWH�LQGLFDWHV�WKH�SUHVHQFH�RI�UHGXFLQJ�SRZHU��

%HQHGLFW¶V� WHVW��)LYH�PO�RI�%HQHGLFW¶V� VROXWLRQ�ZDV�DGGHG� WR�����PJ�RI�H[WUDFW� DQG�ERLOHG� LQ�ZDWHU�
EDWK��7KH�DSSHDUDQFH�RI�UHG�RU�\HOORZ�RU�JUHHQ�SUHFLSLWDWH�LQGLFDWHV�WKH�SUHVHQFH�RI�UHGXFLQJ�VXJDUV��

5HVXOWV�DQG�'LVFXVVLRQ�

$� SDOH� \HOORZ� HVVHQWLDO� RLO� ZLWK� \LHOGV� RI� ������ �RQ� IUHVK�ZHLJKW� EDVLV�� ZDV� REWDLQHG� IURP� IUHVK�
OHPRQJUDVV�SODQW��7KLV�UHVXOW�DJUHHV�ZLWK�VRPH�ZRUNV�ZKR�UHSRUWHG�WKDW�RLO�FRQWHQW�RI�D�QRUPDO�FXW�VKRXOG�
DYHUDJH� ����������� EXW� ZLWK� JRRG� PDQDJHPHQW� DQG� VHOHFWHG� VWUDLQV� FRXOG� EH� \LHOGHG� XS� WR� �����
�����������

7ZHQW\� WKUHH�FRPSRQHQWV�ZHUH� LGHQWLILHG� LQ� WKH�HVVHQWLDO�RLO�RI�IUHVK�DLU�GULHG�&��FLWUDWXV� OHDYHV�E\�
GLIIHUHQW�GU\LQJ�PHWKRGV��ZKLFK�UHSUHVHQWHG�������RI�WKH�RLO�FRPSRQHQWV��7KH�FKHPLFDO�FRQVWLWXHQWV�RI�
RLOV� DUH� SUHVHQWHG� LQ� 7DEOH� ��� 7KH� FRPSRQHQWV� DUH� OLVWHG� LQ� RUGHU� RI� WKHLU� UHWHQWLRQ� WLPH� RQ� WKH�9)���
FROXPQ��



:͘�EĞƉĂů��ŚĞŵ͘�^ŽĐ͕͘�sŽů͘�ϯϵ͕�ϮϬϭϴ

Ͳ�ϳϯ�Ͳ

7DEOH����(VVHQWLDO�RLO�FRPSRQHQWV�RI�&\PERSRJDQ�FLWUDWXV�

3HDN��� 5��7LPH� $UHD� $UHD�� 1DPH�

�� ������� �������� ����� +HSW���HQ���RQH���PHWK\O�!�

�� ������� ��������� ������ 0\UFHQH�

�� ������� ������� ����� 2FLPHQH���=���EHWD�!�

�� ������� ������� ����� 2FLPHQH���(���EHWD�!�

�� ������� ������� ����� /LQDORRO�

�� ������� �������� ����� 57���������

�� ������� �������� ����� 6DELQHQH�K\GUDWH��WUDQV�!�

�� ������� ������� ����� 2FWD�������GLHQRO��WUDQV�!�

�� ������� ������� ����� 7KXMRQH��EHWD�!�

��� ������� ������� ����� 1RQD���(��=��GLHQDO�

��� ������� ������� ����� &KU\VDQWKHPRO��WUDQV�!�

��� ������� �������� ����� 9HUEHQRO��WUDQV�!�

��� ������� �������� ����� 5RVH�IXUDQ�R[LGH�

��� ������� �������� ����� ,VRJHUDQLDO�

��� ������� �������� ����� (WKDQRO�����=�������
GLHPHQWK\OF\FORKH[\OLGHQH��!�

��� ������� ������� ����� 2FW���HQRO�����GLPHWK\O!�

��� ������� ��������� ������ 1HUDO�

��� ������� �������� ����� *HUDQLRO�

��� ������� ��������� ������ *HUDQLDO�

��� ������� ������� ����� 'HFD���(��(��GLHQ�O�RO�

��� ������� ������� ����� 8QGHF���=��HQDO�

��� ������� �������� ����� /LQDORRO�LVREXW\UDWH�

��� ������� �������

����������

�����

�������

(XGHVPRO��HSL�JDPPD�!�

7KH� PDMRU� FRPSRQHQWV� RI� WKH� HVVHQWLDO� RLOV� ZHUH� JHUDQLDO� ���������� QHUDO� ��������� DQG� P\UFHQH�
��������� LQ� RLOV� H[WUDFWHG� IURP� DLU� GULHG� OHPRQJUDVV� OHDYHV�� 7KH� TXDOLW\� RI� OHPRQJUDVV� LV� JHQHUDOO\�
GHWHUPLQHG� E\� LWV� FLWUDO� FRQWHQW�� &LWUDO� LV� D� FRPELQDWLRQ� RI� ELRDFWLYH� LVRPHUV� JHUDQLDO� DQG� QHUDO��
$FFRUGLQJ�WR�5HI����WKH�OHPRQJUDVV�HVVHQWLDO�RLO�LV�XVXDOO\�PDGH�XS�RI�FLWUDO�DW�DQ�DYHUDJH�RI����WR������

7KLV�UHVXOW�VKRZHG����PDMRU�FRPSRQHQWV�RI�WKH�HVVHQWLDO�RLO�RI�OHPRQJUDVV���$PRQJ����FRPSRXQGV��
RQO\� ��� FRPSRXQGV� ���0HWK\OKHSW���HQ���RQH��0\UFHQH�� WUDQV�6DELQHQH� K\GUDWH�� WUDQV�9HUEHQRO�� 5RVH�
IXUDQ� R[LGH�� ,VRJHUDQLDO�� 1HUDO�� *HUDQLRO�� *HUDQLDO� DQG� /LQDORRO� LVREXW\UDWH�� KDG� D� FRQFHQWUDWLRQ� RI�
JUHDWHU�WKDQ�����7KLV�LV�LQ�DJUHHPHQW�ZLWK�VHYHUDO�UHVHDUFK�ZRUN��UHSRUWHG�WKH�YDULDWLRQV�RI����WR�����RI�
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JHUDQLDO�DQG����WR�����RI�QHUDO�LQ�OHPRQJUDVV�FKHPLFDO�FRPSRVLWLRQ�����������$FFRUGLQJ�WR�6FKDQHEHUJ�DQG�
.KDQ�� WKH� HVVHQWLDO� RLO� RI� OHPRQJUDVV� FRQWDLQV�PDLQO\�JHUDQLDO� DQG�QHUDO����2WKHU� LVRODWHG� FRPSRQHQWV��
VXFK�DV� �P\UFHQH��RFLPHQH�� �FLPHQH��OLQDORRO��FLWURQHOODO��FLWURQHOORO��FDU\RSK\OOHQH�DQG� �SLQHQH��ZHUH�
SUHVHQW�DV�PLQRU�FRPSRQHQWV�UHSRUWHG�LQ�5HI������

7DEOH���VKRZV� WKH�SK\WRFKHPLFDO�FRQVWLWXHQWV�RI�PHWKDQROLF�H[WUDFW�RI� OHPRQJUDVV� OHDI�� �7KH� UHVXOW�
VKRZV� WKH� SUHVHQFH� RI� DONDORLGV�� WDQQLQ�� IODYRQRLGV� DQG� FDUERK\GUDWH� ZKHUHDV� SKHQRO� LV� DEVHQW�� 7KLV�
DJUHHV�ZLWK�WKH�ILQGLQJV�RI�8PDU�HW�DO�����DQG�$LQD�HW�DO�����

7DEOH����3K\WRFKHPLFDO�FRQVWLWXHQWV�RI�&\PERSRJRQ�FLWUDWHV�OHDI

3K\WRFKHPLFDO�&RQVWLWXHQWV� /HDI�H[WUDFW��PHWKDQRO��

DONDORLGV�

7DQQLQ�

��

��

)ODYRQRLGV� ��

3KHQRO� ��

&DUERK\GUDWH� ��

&RQFOXVLRQV�
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