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$EVWUDFW
$LP� ,W ZDV WR DVVHVV PLFUROHDNDJH LQ SULPDU\ PRODUV UHVWRUHG ZLWK ILOOLQJV DQG VWDLQOHVV VWHHO SUHIRUPHG

SHGLDWULF FURZQV��66&V��DIWHU VLPXODWLQJ SXOSRWRP\ LQ YLWUR��0DWHULDOV DQG PHWKRGV��7KH VWXG\ FRPSULVHG
���H[WUDFWHG LQ������\HDUV ROG FKLOGUHQ SULPDU\ PRODUV ZKLFK ZHUH UDQGRPO\ GLYLGHG LQWR IRXU JURXSV��
DIWHU SXOSRWRP\ VLPXODWLRQ WKH WHHWK ZHUH UHVWRUHG ZLWK FRPSRPHU ILOOLQJV��Q� ������FRPSRVLWH UHVLQV��Q
 �����RU 66&V ZLWK FDYLWLHV ILOOHG E\ *,&��Q� �����RU FRPSRPHU��Q� ������7ZR WHHWK ZLWK VRXQG HQDPHO
ZHUH XVHG DV FRQWUROV��$IWHU WKHUPRF\FOLQJ��WKH VSHFLPHQV ZHUH SODFHG LQ������IXFKVLQ DQG VHFWLRQHG��WKH
SURSRUWLRQV RI PLFUROHDNDJH ZHUH HYDOXDWHG ZLWK D GLJLWDO PLFURVFRSH IRU PLFUROHDNDJHV��5HVXOWV��7KH UDWH
DQG GHJUHH RI PLFUROHDNDJHV ZDV VLJQLILFDQWO\ KLJKHU LQ ILOOLQJV WKDQ LQ 66&V��S������������3HUIHFW PDUJLQDO
VHDO GHPRQVWUDWHG�����RI 66&V DQG RQO\�������RI ILOOLQJV��ZKLOH WKH UDWH RI H[WHQVLYH OHDNDJH ZDV���WLPHV
KLJKHU LQ ILOOLQJV� �������YV�������LQ 66&V���&RPSRVLWH UHVLQ VKRZHG WKH KLJKHVW UDWH RI PLFUROHDNDJH
�����RI ILOOLQJV KDG PRUH WKDQ�����VWDLQLQJ RI FRQWDFW ZLWK GHQWDO KDUG WLVVXHV���$129$ UHYHDOHG DV OHDG�
LQJ IDFWRUV IRU PLFUROHDNDJHV UHVWRUDWLRQ ZLWK ILOOLQJV��S� �����������FDYLW\ H[WHQVLRQ DQG WHFKQLFDO SLWIDOOV
�S  �������&RQFOXVLRQ��&RPSRVLWH UHVLQV GHPRQVWUDWHG YHU\ KLJK UDWH RI PLFUROHDNDJHV DQG 66&V VKRXOG
EH D PDWHULDO RI FKRLFH IRU UHVWRUDWLRQ RI SULPDU\ WHHWK DIWHU SXOSRWRP\�

.H\ ZRUGV��SULPDU\ PRODUV��FRPSRPHUV��FRPSRVLWH UHVLQV��VWDLQOHVV VWHHO FURZQV��PLFUROHDNDJH�

+LJKOLJKWV
�� &RPSRVLWH UHVLQV VKRXOG QRW EH WKH PDWHULDO RI FKRLFH IRU SULPDU\ PRODUV UHVWRUDWLRQV EHFDXVH RI

KLJK UDWH RI PLFUROHDNDJH VHHQ LQ YLWUR ZKLFK FOLQLFDOO\ UHVXOWV LQ PDUJLQDO ILW ORVV DQG UHVWRUDWLRQ IDLOXUH�
�� 6WDLQOHVV VWHHO SHGLDWULF FURZQV GHPRQVWUDWH PXFK ORZHU UDWH RI PLFUROHDNDJH UHVXOWLQJ LQ KLJKHU

FOLQLFDO HIILFDF\�

'
'
'

'

'

'

'

'
'

'

'

'
'
'

'
'

'

'
'

'

'
'
'

'

'

'
'

'

'

'

'

'

'
'
'

'

'

'
'
'

'
'

'

'
'
'

'
'

'
'
'



'

'
'

'

'
'
'

'
'
'

'
'
'

'
'

'

" '
'

'
'

'
RJ

'
'

'
'
'

'

'

'

'
'

'
'

'

" '
RJ
'

'

'
'

'

'

'

'

'
'

'
'

'

" '
'
'

'

'

'

'

'

'
'

'
'
'

'
'
'

'

'

"
'

'

'

'

'

'

'
'
'

MJMM o
'
'
'

'

'
'

'
'

'
'
'

i
'

'
'

'

'
'
'



'

'
'

'

'

'

'

'
'
'

'

'

'

'

'
'
'

'
'

'
'

'
'
'

'

'

'
'

'
'

'
'
'

'

'

'
'
'

'
'

'
'
'

'
'

'
'
'

'

'
'

i
'

'
'

'

'

�rÈ×ÕÖÌËÌÑÌÓÏÌ�×ØÌÕÌÓÌÐ�ÒÏ³ÖÔÕÔËØÌ³ÈÓÏÐ�×ÖÌËÏ�ÎÀÉÔÊ��
ÊÔ××ØÈÓÔÊÑÌÓÓàÚ�ÖÈÎÑÏÜÓàÒÏ�×ÕÔ×ÔÉÈÒÏ

�0LFUROHDNDJH�JUDGHV�LQ�WHHWK�UHVWRUHG�ZLWK�YDULRXV�PDWHULDOV

6MWO�JEGXSVW ��TSMRXW ��TSMRX ��TSMRXW ��TSMRXW 8SXEP
��

�

�

�

�rÈ×ÕÖÌËÌÑÌÓÏÌ�ÕÔ�×ØÌÕÌÓÇÒ�ÒÏ³ÖÔÕÔËØÌ³ÈÓÏÐ�
Ê ÎÈÊÏ×ÏÒÔ×ØÏ�ÔØ�ÓÈÑÏÜÏÇ�ÙÈ³ØÔÖÔÊ�ÖÏ×³È�ÕÖÏ�ÊÔ××ØÈÓÔÊÑÌÓÏÏ�

ÊÖÌÒÌÓÓàÚ�ÎÀÉÔÊ

�0LFUROHDNDJH�JUDGHV�FRUUHODWLRQ�ZLWK�ULVN�IDFWRUV�DVVRFLDWHG�
ZLWK�UHVWRUDWLRQV�LQ�GHFLGXRXV�WHHWK

*EGXSVW 77 (* 17
������� � ������� ��������
������� � ������� ��������
������� � ������� ��������
������� � ������� ��������
������� � ������� ��������

�fÈÓÓàÌ�ÒÓÔ�ÔÙÈ³ØÔÖÓÔ�Ô�ÈÓÈÑÏÎÈ�ÕÖÏÎÓÈ³ÔÊ��
×ÊÇÎÈÓÓàÚ�×�ÓÈÖÀÝÌÓÏÌÒ��ÌÖÒÌØÏÎÒÈ�ÕÑÔÒÉ�Ï�ÕÌËÏÈØÖÏÜÌ×³ÏÚ�

³ÔÖÔÓÔ³�ÕÖÏ�ÊÔ××ØÈÓÔÊÑÌÓÏÏ�ÊÖÌÒÌÓÓàÚ�ÎÀÉÔÊ

�0XOWLIDFWRULDO�DQDO\VLV�RI�IDFWRUV�DVVRFLDWHG�
ZLWK PLFUROHDNDJHV�LQ�GHFLGXRXV�WHHWK�UHVWRUDWLRQV



'
'
'

'
i '

'
i

'

'
'

'

'

'
'
'

'

'
'

'
'

'

'

'

'
'
'

'
'

'
'
'

6)*)6)2')7
'
'

'

, '
'
'

'

'

.
'
'

'

0

1

2

? fZbe kZing\^e fZbe kn


