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$EVWUDFW
5HOHYDQFH��7KH WHQGHQF\ WR LQFUHDVH WKH LQWHQVLW\ RI GHQWDO FDULHV DQG LWV FRPSOLFDWLRQV LQ GHFLGXRXV

WHHWK LV QRWHG E\ PDQ\ QDWLYH DXWKRUV�$V D UHVXOW��WKH SUREOHP RI FDULHV DQG LWV FRPSOLFDWLRQV WUHDWPHQW
LV UHOHYDQW��$LP��7KLV VWXG\ DLPHG WR HYDOXDWH WKH LPPHGLDWH DQG ORQJ�WHUP WUHDWPHQWRXWFRPH RI FKURQLF
IRUPV RI SXOSLWLV LQ SULPDU\ PRODUV��0DWHULDOV DQG PHWKRGV� ,Q WKH WUHDWPHQW RI SULPDU\ PRODUV��ZH XVHG
PHWKRGV RI YLWDO SXOSRWRP\ ZLWK WKH IROORZLQJ GUXJV���3XOSRWHF���3'����%LRGHQWLQH���6HSWRGRQW����=LQF
R[LGH HXJHQRO SDVWH���2PHJDGHQW��DQG YLWDO SXOSHFWRP\ ZLWK WKH GUXJV��0HWDSH[��0(7$%LRPHG����=LQF
R[LGH HXJHQRO SDVWH���2PHJDGHQW��$OO SDWLHQWV ZHUH XQGHU GLVSHQVDU\ REVHUYDWLRQDIWHU WUHDWPHQW��5HVXOWV��
$V D UHVXOW RI WKH WUHDWPHQW RI�����WHHWK�������RI FRPSOLFDWLRQV ZHUH GHWHFWHG��7KH FRPSOLFDWLRQV RF�
FXUUHG LQ����RI FDVHV ZKHQ ZH XVHG WKH 3XOSRWHF��3'���LQ�����x%LRGHQWLQH��6HSWRGRQW���DQG ZDVQtW LQ�
GHQWLILHG ZKHQ ZH HPSOR\HG��=LQF R[LGH HXJHQRO SDVWH���2PHJDGHQW��:KHQ ZH XVHG��0HWDSH[���0(7$
%LRPHG�� FRPSOLFDWLRQV ZHUH GHWHFWHG LQ� ������RI FDVHV�� �=LQF R[LGH HXJHQRO SDVWH�� �2PHJDGHQW�� x�
�����&RPSOLFDWLRQV LQ WHHWK ZLWK FDULRXV FDYLWLHV LQ FODVV , RQ %ODFN ZHUH GHWHFWHG LQ��������RI FDVHV��LQ
FODVV ,,x��������0HGLFLQHV %LRGHQWLQH��6HSWRGRQW��DQG��=LQF R[LGH HXJHQRO SDVWH���2PHJDGHQW��VKRZHG
IDYRUDEOH UHVXOWV��7KH UHVXOWV RI WUHDWPHQW RI SULPDU\ PRODUV��ZKLFK KDYH FRPSOHWHG WKH IRUPDWLRQ��E\
3XOSRWHF��3'��ZHUH FOLQLFDOO\ DQG UDGLRORJLFDOO\ IDYRUDEOH��EXW WKH XVH RI 3XOSRWHF��3'��LQ GHFLGXRXV XQ�
IRUPHG PRODUV ZDV QRW HIIHFWLYH HQRXJK�7KH PHWKRG RI YLWDO SXOSHFWRP\ ZLWK WKH GUXJ��=LQF R[LGH HXJH�
QRO SDVWH���2PHJDGHQW��VKRZHG D EHWWHU ORQJ�WHUP UHVXOW WKDQ ZLWK��0HWDSH[���0(7$%LRPHG��$V D UHVXOW
RI WKH VWXG\��LW ZDV IRXQG WKDW WKH ORFDOL]DWLRQ RI WKH FDULRXV FDYLW\ DOVR DIIHFWV WKH RXWFRPH RI WUHDWPHQW��
&RQFOXVLRQV� %DVHG RQ WKH REWDLQHG UHVXOWV��ZH FDQ FRQFOXGH WKDW DGGLWLRQDO PHWKRGV RI GLDJQRVLV��GHQWDO
YROXPHWULF FRPSXWHG WRPRJUDSK\��HOHFWURRGRQWRGLDJQRVLV��PLFURELRORJLFDO VWXG\ RI WKH WRRWK SXOS��FDU�
ULHG RXW EHIRUH WKH WUHDWPHQW FDQ DIIHFW WKH FKRLFH RI WUHDWPHQW DQG LWV SURJQRVLV�

.H\ ZRUGV��LUUHYHUVLEOH SXOSLWLV��SULPDU\ PRODUV��SXOSRWRP\��SXOSHFWRP\�

+LJKOLJKWV
�� :KHQ ZH XVHG WKH GUXJ 3XOSRWHF��3'��FRPSOLFDWLRQV RFFXUUHG LQ����RI FDVHV��%LRGHQWLQH��6HSWR�

GRQW��x��������=LQNRNVLGHYJHQRORYD\D SDVWH���2PHJDGHQW��x�QR FRPSOLFDWLRQV ZHUH GHWHFWHG��S�!�������
�� 8VLQJ 3XOSRWHF��3'��FRPSOLFDWLRQV ZHUH IRXQG LQ�����RI WKH WHHWK WUHDWHG DW WKH VWDJH RI XQIRUPHG

URRWV DQG�����x�LQ WKH WHHWK ZLWK WKH IRUPHG URRWV�
�� :KHQ ZH XVHG 0HWDSH[��0(7$ %LRPHG���������RI FRPSOLFDWLRQV ZHUH QRWHG��DQG��]LQF R[LGH (X�

JHQRO SDVWH���2PHJDGHQW��x��������S�!�������
�� &RPSOLFDWLRQV LQ WHHWK ZLWK FDULRXV FDYLWLHV LQ FODVV , EODFN ZHUH GHWHFWHG LQ�������RI FDVHV��LQ FODVV
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�7KH�IUHTXHQF\�RI�XVDJH�RI�GUXJV�IRU�WKH�
WUHDWPHQW�RI�FKURQLF�SXOSLWLV�LQ�WHPSRUDU\�PRODUV

�dÓÀØÖÏÖÔØÔÊàÌ�³ÔÓØÈ³ØÓàÌ�
ÖÌÓØ�ÌÓÔ�ÖÈÒÒà��b��ËÔ�ÑÌÜÌÓÏÇ��c��ÜÌÖÌÎ����ÒÌ×��

ÕÔ×ÑÌ�ÑÌÜÌÓÏÇ

�5DGLRORJLFDO�H[DPLQDWLRQ��b��SUHRSHUDWLYH��
%� ���PRQWK�IROORZ�XS

�lÔÑÏÜÌ×ØÊÔ�ÊÖÌÒÌÓÓàÚ�ÒÔÑÇÖÔÊ��ÑÌÜÌÓÓàÚ�ÒÌØÔËÔÒ�ÕÀÑáÕÔØÔÒÏÏ�ÖÈÎÑÏÜÓàÒÏ�
ÕÖÌÕÈÖÈØÈÒÏ

�7KH�QXPEHU�RI�SULPDU\�PRODUV�WUHDWHG�E\�YDULRXV�PHGLFDPHQWV

1IHMGEQIRXW 8IIXL�[MXL�YRJSVQIH�
VSSXW

8IIXL�[MXL�JSVQIH�
VSSXW

8IIXL�[MXL�
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�5DGLRORJLFDO�H[DPLQDWLRQ��b��SUHRSHUDWLYH��%��LPPHGLDWH��&�����PRQWK�IROORZ�XS

�dÓÀØÖÏÖÔØÔÊàÌ�³ÔÓØÈ³ØÓàÌ�ÖÌÓØ�ÌÓÔ�ÖÈÒÒà��b��ËÔ�ÑÌÜÌÓÏÇ��
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�5DGLRORJLFDO�H[DPLQDWLRQ��b��SUHRSHUDWLYH��%��LPPHGLDWH��
&����PRQWK�IROORZ�XS

�dÓÀØÖÏÖÔØÔÊàÌ�³ÔÓØÈ³ØÓàÌ�ÖÌÓØ�ÌÓÔ�ÖÈÒÒà��b��ËÔ�ÑÌÜÌÓÏÇ��
c� ÕÔ×ÑÌ�ÑÌÜÌÓÏÇ��d��ÜÌÖÌÎ����ÔË�ÕÔ×ÑÌ�ÑÌÜÌÓÏÇ

5DGLRORJLFDO�H[DPLQDWLRQ��b��SUHRSHUDWLYH��%��LPPHGLDWH��
&�����PRQWK�IROORZ�XS
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�dÓÀØÖÏÖÔØÔÊàÌ�³ÔÓØÈ³ØÓàÌ�
ÖÌÓØ�ÌÓÔ�ÖÈÒÒà��

b��ÎÀÉ�����¶�ÕÈØÔÑÔ�ÏÜÌ×³ÈÇ�ÖÌÎÔÖÉÛÏÇ��
c��ÎÀÉ�����¶�ÕÈØÔÑÔ�ÏÜÌ×³ÈÇ�ÖÌÎÔÖÉÛÏÇ

5DGLRORJLFDO�H[DPLQDWLRQ��
b�����å�SDWKRORJLFDO�UHVRUSWLRQ��
%�����å�SDWKRORJLFDO�UHVRUSWLRQ

�dÓÀØÖÏÖÔØÔÊÈÇ�
³ÔÓØÈ³ØÓÈÇ�

ÖÌÓØ�ÌÓÔ�ÖÈÒÒÈ

5DGLRORJLFDO�
H[DPLQDWLRQ�����å�

SDWKRORJLFDO�UHVRUSWLRQ

�iÀÉ�����ÀËÈÑÌÓ�ÜÌÖÌÎ����ÒÌ×��ÕÔ×ÑÌ�ÑÌÜÌÓÏÇ�ÒÌØÔËÔÒ�ÊÏØÈÑáÓÔÐ�ÕÀÑáÕâ³ØÔÒÏÏ��
b��ÊÓÀØÖÏÖÔØÔÊÈÇ�³ÔÓØÈ³ØÓÈÇ�ÖÌÓØ�ÌÓÔ�ÖÈÒÒÈ�ÕÔ×ÑÌ�ÑÌÜÌÓÏÇ��c��ÊÓÀØÖÏÖÔØÔÊÈÇ�³ÔÓØÈ³ØÓÈÇ�

ÖÌÓØ�ÌÓÔ�ÖÈÒÒÈ�ÜÌÖÌÎ��ÔË�ÕÔ×ÑÌ�ÑÌÜÌÓÏÇ��d��ÙÔØÔ�Ê�ÕÔÑÔ×ØÏ�ÖØÈ��
e��ÙÔØÔ�ÀËÈÑÌÓÓÔ�Ô�ÎÀÉÈ���ÖÈÓÀÑÌÒÈ�Ê�ÔÉÑÈ×ØÏ�ÙÀÖ³ÈÛÏÏ

�7RRWK�����ZDV�H[WUDFWLRQ�DIWHU����PRQWK�IROORZ�XS��$��UDGLRORJLFDO�H[DPLQDWLRQ��LPPHGLDWH��
%� UDGLRORJLFDO�H[DPLQDWLRQ�����PRQWK�IROORZ�XS��&��SKRWRå�VLQXV�WUDFW��'��SKRWRå�JUDQXOHPD�LQ�IXUFDWLRQ
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