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,1752'8&7,21 
7KH� GHYHORSPHQW� DQG� FKDUDFWHULVDWLRQ� RI� FKL�
WRVDQ� EDVHG� [HURJHOV� IRU� WKH� GHOLYHU\� RI� SUR�
WHLQV�YLD�WKH�EXFFDO�PXFRVD�KDV�EHFRPH�D�PDMRU�
DUHD�RI�VWXG\�IRU�WKH�SKDUPDFHXWLFDO�VFLHQWLVW�LQ�
UHFHQW� \HDUV� �%HUQNRS-6FKQ�UFK� HW� DO��� ������
$\HQVX� HW� DO��� ������ ,W� LV� KRZHYHU�� HVVHQWLDO�
WKDW� WKH� PRGHO� SURWHLQ� GUXJ� LQFRUSRUDWHG� LQWR�
WKH� [HURJHOV� UHPDLQ� FRQIRUPDWLRQDOO\� VWDEOH�
GXULQJ�DQG�DIWHU� O\RSKLOLVDWLRQ�DQG�RYHU�D� ORQJ�
VWRUDJH� SHULRG�� 3URWHLQV� E\� QDWXUH� KDYH� D� QDU�
URZ� VWDELOLW\� ZLQGRZ�ZKHQ� H[SRVHG� WR� FRQGL�
WLRQV� WKDW� OHDG� WR� DJJUHJDWLRQ�� K\GURO\VLV� DQG�

GHQDWXUDWLRQ�FDXVHG�E\�KHDW��PRLVWXUH�DQG�RWKHU�
RUJDQLF�VROYHQW��(VWH\�HW�DO����������,W� LV� WKHUH�
IRUH�FULWLFDO�WKDW�DSSURSULDWH�FRQGLWLRQV�RI�VWRU�
DJH�EH�HVWDEOLVKHG�IRU�WKH�QRYHO�FKLWRVDQ-EDVHG�
SURWHLQ�GHOLYHU\�V\VWHPV�GHYHORSHG��%UDGIRUG¶V�
DVVD\�DQG�+3/&�SURFHGXUHV�ZHUH�HPSOR\HG�WR�
HVWLPDWH� WKH� SURWHLQ� FRQWHQW� RI� WKH� [HURJHOV��
7KH�%UDGIRUG�DVVD\�IRU�SURWHLQ�TXDQWLILFDWLRQ�LV�
D� UDSLG�DQG�DFFXUDWH�PHWKRG�ZLWK� OHVV� LQWHUIHU�
HQFH� E\� QRQ-SURWHLQ� FRPSRQHQWV� �.UXJHU��
������� � 7KH� PHWKRG� UHOLHV� RQ� WKH� ELQGLQJ� RI�
&RRPDVLH�EOXH�*����G\H��%UDGIRUG�UHDJHQW��WR�
SURWHLQ�� $OWKRXJK� GLIIHUHQW� LRQLF� IRUPV� RI� WKH�
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KWWS���G[�GRL�RUJ���������MXVW�Y��L��� 

.H\ZRUGV��7KLRODWHG�FKLWRVDQ��6(-+3/&��53-+3/&��SURWHLQ��VWDELOLW\�HYDOXDWLRQ� 

$%675$&7 
7KH�VWDELOLW\�SURILOHV�RI�%6$�DQG�,16�LQFRUSRUDWHG�LQ�O\RSKLOLVHG�FKLWRVDQ-EDVHG�EXFFDO�[HURJHOV�
KDYH�EHHQ�HYDOXDWHG�XVLQJ�%UDGIRUG¶V�$VVD\�DV�ZHOO�DV�6(-+3/&�DQG�53-+3/&�TXDQWLILFDWLRQ�
IRU� %6$� DQG� ,16� UHVSHFWLYHO\�� &KURPDWRJUDSKLF� FRQGLWLRQV� ZHUH�� $JLOHQW� ����� VHULHV�� 7RVRK�
76.-*(/�3:�FROXPQ� �����[� ���PP�� ����P���PRELOH� SKDVH�3%6�� IORZ� UDWH� ��P/�PLQ��ZDYH�
OHQJWK�����QP��6(-+3/&���$JLOHQW������ZLWK�D�-XSLWHU��-ȝP�&���FROXPQ�����PP�[�����PP���
PRELOH� SKDVH-ZDWHU�� DFHWRQLWULOH� ������Y�Y�� ����7)$�� IORZ� UDWH-�� P/�PLQ�� DQG� ZDYHOHQJWK-
���QP��53-+3/&���7KH�XVH�RI�6(-+3/&�DQG�53-+3/&�PHWKRGV�IRU�%6$�DQG�,16�UHVSHFWLYHO\�
VKRZHG�FKURPDWRJUDPV�LQGLFDWLQJ�WKDW�VWRUDJH�RI�[HURJHOV�XVLQJ�DFFHOHUDWHG�VWDELOLW\�FRQGLWLRQV�
DW� ��� �&�� ��� �� 5+� IRU� VL[� PRQWKV� UHVXOWHG� LQ� VXEVWDQWLDO� ORVV� RI� QDWLYH� SURWHLQ�� 6WRUDJH� RI� 
[HURJHOV�DW����&�LQ�D�UHIULJHUDWRU�PDLQWDLQHG�SURWHLQ�VWDELOLW\�XS�WR�VL[�PRQWKV��%UDGIRUG¶V�DVVD\�
IRU�SURWHLQ�TXDQWLILFDWLRQ�ZDV�QRW�VWDELOLW\�LQGLFDWLQJ�PHWKRG�DV�LW�ZDV�QRW�VSHFLILF�IRU�WKH�GHWHU�
PLQDWLRQ�RI�GHJUDGHG�SURWHLQ�SURGXFWV�IURP�DOO�[HURJHOV�� 
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 3UHSDUDWLRQ�RI�%6$�,16�[HURJHOV� 
%6$� ORDGHG� [HURJHOV� ZHUH� SUHSDUHG� DV� SUHYL�
RXVO\�UHSRUWHG��$\HQVX�HW��DO���������DQG�EULHI�
O\�GHVFULEHG��&KLWRVDQ-�-WKLRJO\FROLF�DFLG��&6-
7*$��ZDV�V\QWKHVL]HG�E\�GLVVROYLQJ�����PJ�RI�
&6� LQ����P/�RI� ����0�+&O��$Q� HTXLYDOHQW� RI�
����PJ�RI�7*$�ZDV�DGGHG�IROORZHG�E\����P0�
('$&� LQ�RUGHU� WR� DFWLYDWH� WKH� FDUER[\OLF� DFLG�
PRLHWLHV� RI� 7*$�� 7KH� S+� ZDV� DGMXVWHG� WR� ��
ZLWK� �� 0� 1D2+� DW� URRP� WHPSHUDWXUH� DQG�
VWLUUHG�IRU���K��3XULILFDWLRQ�WR�UHPRYH�XQFRQMX�
JDWHG� 7*$� DQG� VXOIK\GU\O� LPPRELOL]DWLRQ� GH�
WHUPLQDWLRQ� RI� &6-7*$� ZDV� E\� WKH� PHWKRG�
UHSRUWHG�LQ�OLWHUDWXUH��%HUQNRS-6FKQXUFK�HW�DO���
������� XVLQJ� )ORDW-$-/\]HU� *�� DQG� (OOPDQ¶V�
UHDFWLRQ�ZLWK� VWDQGDUG� F\VWHLQH�+&O� FXUYH� �5��
!�������UHVSHFWLYHO\��7HQ�SHUFHQW��SHU�SRO\PHU�
ZHLJKW�� HDFK� RI� JO\FHURO� DQG� '-PDQQLWRO� DV�
SODVWLFL]HU�DQG�FU\RSURWHFWDQW�UHVSHFWLYHO\�ZHUH�
DGGHG�WR�WKH�UHFRYHUHG�GLDO\VHG�JHO�DQG�ORDGHG�
ZLWK�%6$�DV�D�PRGHO�SURWHLQ�GUXJ�LQ�D�����&6-
7*$��%6$�UDWLR��7KH�ILQDO�IRUPXODWHG�JHO�ZDV�
VWLUUHG�FRQWLQXRXVO\�IRU����PLQ�DW�URRP�WHPSHU�
DWXUH� WR� REWDLQ� D� XQLIRUP� JHO� ZKLFK� ZDV� NHSW�
XQGHU�DPELHQW�FRQGLWLRQV�WR�UHPRYH�DOO�DLU�EXE�
EOHV��6L[�JUDPV������J��RI�WKH�KRPRJHQHRXV�JHO�
ZDV�WUDQVIHUUHG�LQWR�D�PRXOG��GLDPHWHU����PP��
DQG� IUHH]H-GULHG� XVLQJ� D� QRYHO� IUHH]H-GU\LQJ�
F\FOH�GHYHORSHG�ZLWK�GLIIHUHQWLDO�VFDQQLQJ�FDO�
RULPHWU\��'6&���$\HQVX�HW�DO���������RQ�D�9LU�
WLV�$G9DQWDJH�;/����IUHH]H�GU\HU� �%LRSKDUPD�
3URFHVV�6\VWHPV��:LQFKHVWHU��8.���$Q�DQQHDO�
LQJ� WHPSHUDWXUH� RI� -��� �&� ��� K�� ZDV� DSSOLHG�
GXULQJ� WKH� IUHH]LQJ� SKDVH� �-� ��� �&��� 3ULPDU\�
DQG�VHFRQGDU\�GU\LQJ�ZHUH�DW�-����&�DQG�����&�
UHVSHFWLYHO\��ZLWK�D�YDFXXP�RI����WRUU�IRU����K�� 
 
$GGLWLRQDOO\�� ,16� FRQWDLQLQJ� [HURJHOV� IRU� VWD�
ELOLW\� VWXGLHV� ZHUH� SUHSDUHG� XVLQJ� WKH� PHWKRG�
GHVFULEHG� LQ� �%RDWHQJ� HW�� DO��� ������� %ULHIO\��
GUXJ�ORDGHG�JHO�IRUPXODWLRQV�ZHUH�SUHSDUHG�E\�
ORDGLQJ� WKH� GLDO\VHG� 7*-FKLWRVDQ� JHO� ZLWK� ��
PJ�P/� RI� D� VROXWLRQ� RI� ,16� LQ� ����� 0� +&O��
7KH� ILQDO� PL[WXUH� FRQWDLQLQJ� �� �� Z�Y� 7*-
FKLWRVDQ�ZDV�VWLUUHG�FRQWLQXRXVO\�IRU����PLQ�WR�
REWDLQ� D� XQLIRUP� JHO� DW� URRP� WHPSHUDWXUH� DQG�
NHSW� IRU����PLQ� WR� UHPRYH�DOO� DLU�EXEEOHV����J�
HDFK�RI�WKH�KRPRJHQHRXV�JHOV�ZDV�SRXUHG�XQWR�
GULHG� K\GURSKRELF� (&� ODPLQDWH� �%RDWHQJ� DQG�
$\HQVX��������EDFNLQJ�ILOP�LQ�WKH�PRXOGV�DQG�
O\RSKLOLVHG� XVLQJ� WKH� DXWRPDWHG� O\RSKLOLVDWLRQ�
F\FOH� GHVFULEHG� DERYH��&RPSOHWLRQ� RI� WKH� SUH- 

$\HQVX�HW�DO� �� 

G\H�H[LVW��WKH�PRUH�DQLRQLF�EOXH�IRUP�RI�WKH�G\H�
ELQGV�WR�SURWHLQ�ZLWK�D�FKDUDFWHULVWLF�DEVRUSWLRQ�
PD[LPXP�DW�����QP�� 
 
$OWKRXJK�GUXJ�FRQWHQW� LV� D�FUXFLDO� VWDELOLW\� LQ�
GLFDWLQJ� SDUDPHWHU�� WKH� PHWKRG� RI� GHWHUPLQD�
WLRQ�PXVW�DOVR�EH�DEOH� WR� LGHQWLI\�DQG�TXDQWLI\�
SRVVLEOH�GHJUDGDWLRQ�SURGXFWV�LQ�RUGHU�WR�DVVXUH�
VDIHW\� DQG� HIILFDF\�� $FFRUGLQJO\�� WKH� ,QWHUQD�
WLRQDO� &RPPLWWHH� IRU� +DUPRQLVDWLRQ� �,&+��
������ UHFRPPHQGV� WKDW� VWDELOLW\� VWXGLHV� PXVW�
LQFOXGH� WHVWLQJ� RI� WKRVH� DWWULEXWHV� RI� WKH� GUXJ�
VXEVWDQFH�WKDW�DUH�OLDEOH�WR�FKDQJH�GXULQJ�VWRU�
DJH�DQG�DUH�OLNHO\�WR�DIIHFW�TXDOLW\��VDIHW\�DQG�
RU�HIILFDF\��7KHVH�PD\�LQFOXGH�SK\VLFDO��FKHPL�
FDO�� ELRORJLFDO� DQG� PLFURELRORJLFDO� DWWULEXWHV��
XVLQJ� YDOLGDWHG� VWDELOLW\� LQGLFDWLQJ� DQDO\WLFDO�
SURFHGXUHV��,W� LV�HVVHQWLDO� WKDW� WKH�GHYHORSPHQW�
RI� SRO\PHU� EDVHG� GHOLYHU\� V\VWHPV� IRU� FRQ�
WUROOHG�UHOHDVH�RI�WKHUDSHXWLF�SURWHLQV�WDNHV�LQWR�
FRQVLGHUDWLRQ� WKH� VWDELOLW\� RI� WKH� SURWHLQ� GUXJ��
,Q� DGGLWLRQ�� WR� LPSURYH� VWDELOLW\� RI� SURWHLQV�
ZLWKLQ� FKLWRVDQ� EDVHG� V\VWHPV�� IRUPXODWLRQV�
PXVW� EH� SURWHFWHG� IURP� SRWHQWLDOO\� H[WUHPH�
K\GURO\VLQJ� FRQGLWLRQV� WR� HQVXUH� PDLQWHQDQFH�
RI�WKH�QDWLYH�VWUXFWXUH�� 
 
7KLV� ZRUN� GHWDLOV� DFFHOHUDWHG� VWDELOLW\� VWXGLHV�
RI� ERYLQH� VHUXP� DOEXPLQ� �%6$�� DQG� LQVXOLQ�
�,16�� LQFRUSRUDWHG� LQWR� RSWLPLVHG� WKLRODWHG�
�7*�-FKLWRVDQ� [HURJHOV� XVLQJ� ,&+� FRQGLWLRQV�
�,&+�� ������� 5HVXOWV� RYHU� VL[� PRQWK¶V� SHULRG�
DUH�SUHVHQWHG� 
 
0(7+2'6�$1'�0$7(5,$/6 
0DWHULDOV� 
%RYLQH� 6HUXP� $OEXPLQ� �%6$��� VRGLXP� K\�
GUR[LGH��3KRVSKDWH�%XIIHUHG�6DOLQH��3%6�� WDE�
OHWV� �S+� ������ KXPDQ� UHFRPELQDQW� LQVXOLQ�
�,16���%UDGIRUG¶V�UHDJHQW��&RSSHU��,,��FKORULGH��
DFHWRQLWULOH�� WULIOXRURDFHWLF�DFLG�� FKLWRVDQ� �&6���
WKLRJO\FROLF�DFLG� �7*$���JO\FHURO��'-PDQQLWRO��
)ORDW-$-/\]HU� *�� GLDO\VLV� GHYLFH� ��-��� N'D�
0ROHFXODU� ZHLJKW� FXW-RII��� DQG� 1-��-
GLPHWK\ODPLQRSURS\O�-1-HWK\O� FDUERGLLPLGH�
K\GURFKORULGH� �('$&�� ZHUH� REWDLQHG� IURP�
6LJPD-$OGULFK�� *LOOLQJKDP�� 8.�� $FHWLF� DFLG��
K\GURFKORULF� DFLG� DQG� SRWDVVLXP� GLK\GURJHQ�
SKRVSKDWH� ZHUH� SXUFKDVHG� IURP� )LVKHU� 6FLHQ�
WLILF��/HLFHVWHU�8.���$OO�RUGHU�UHDJHQWV�ZHUH�RI�
DQDO\WLFDO�JUDGH� 
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SURJUDPPHG� SULPDU\� GU\LQJ� SKDVH� ZDV� FRQ�
ILUPHG� XVLQJ� VDPSOH� SUREHV�ZKLFK� GHWHUPLQHG�
ZKHQ� ERWK� WKH� SURGXFW� DQG� VKHOI� WHPSHUDWXUHV�
ZHUH�WKH�VDPH� 
 
6WRUDJH� RI� %6$�,16� [HURJHOV� IRU� VWDELOLW\�
VWXGLHV 
7KH�O\RSKLOLVHG�SURGXFWV��[HURJHOV��ZHUH�VWRUHG�
LQ� GHVLFFDWRUV� RYHU� VLOLFD� WR� HQVXUH� ORZ� ZDWHU�
FRQWHQW� LGHDO� IRU� SURWHLQ� VWDELOLW\� RU� VWRUHG� DF�
FRUGLQJ�WR�,&+�FRQGLWLRQV��,&+��������LQ�7DEOH�
�� XQWLO� UHDG\� IRU� DQDO\VLV� DW� VHOHFWHG� WLPH�
SRLQWV��7KH�VDPSOHV�ZHUH�HLWKHU�NHSW�LQ�D�UHIULJ�
HUDWRU��ORQJ-WHUP�VWXG\��RU�NHSW�XQGHU�,&+�FRQ�
GLWLRQV� �IRU� GUXJ�SURGXFWV� LQWHQGHG� IRU� VWRUDJH�
LQ�D�UHIULJHUDWRU��LQ�D�KXPLGLW\�FKDPEHU�ZLWK����
��UHODWLYH�KXPLGLW\��5+��������5+�PDLQWDLQHG�
ZLWK� &X&O���VROXELOLW\� ����� J�P/�� DW� ��� �&�
�,&+�� ������ IRU� DFFHOHUDWHG� VWDELOLW\� VWXGLHV�
�7DEOH����� 
 
$VVD\� RI� %6$� DQG� ,16� FRQWHQW� E\� %UDG�
IRUG¶V�DVVD\ 
7KH� %6$� DQG� ,16� FRQWHQWV� LQ� [HURJHOV� DW� WKH�
YDULRXV� WLPH� SRLQWV� ���� �� DQG� �� PRQWKV�� ZHUH�
GHWHUPLQHG� XVLQJ� WKH� %UDGIRUG¶V� DVVD\�
�$\HQVX���������%ULHIO\�����PJ�RI�GUXJ�ORDGHG�
[HURJHO� ZDV� GLVVROYHG� LQ� ��� P/� RI� ��� �Y�Y��
DFHWLF� DFLG�� 7KH� VROXWLRQ� ZDV� PDJQHWLFDOO\�
VWLUUHG� IRU� ��� PLQ� DW� URRP� WHPSHUDWXUH� DW� ���
USP� WR� DYRLG� EXEEOH� IRUPDWLRQ�� ��� �/� RI� WKH�
VROXWLRQ�ZDV�ZLWKGUDZQ�DQG�WUHDWHG�ZLWK���P/�
%UDGIRUG¶V� UHDJHQW� DQG� WKH� DEVRUEDQFH� PHDV�
XUHG�DW�����QP�DQG�����QP�IRU�OLQHDUL]DWLRQ�RI�
DEVRUEDQFH��(UQVW�DQG�=RU��������XVLQJ�D�0XO�
WLVNDQ� (;� PLFURSODWH� SKRWRPHWHU� HTXLSSHG�
ZLWK� $VFHQW� VRIWZDUH� �7KHUPR� 6FLHQWLILF��
+DPSVKLUH��8.���7KH�DPRXQW�RI�%6$�DQG�,16�
LQ�WKHLU�UHVSHFWLYH�[HURJHOV�ZHUH�GHWHUPLQHG�E\�
LQWHUSRODWLRQ� IURP� WKHLU� OLQHDUL]HG� FDOLEUDWLRQ� 

���������6WDELOLW\�SURILOHV�RI�%6$�DQG�,16�LQFRUSRUDWHG�LQ�O\RSKLOLVHG�FKLWRVDQ-EDVHG�EXFFDO�[HURJHOV��� �� 

FXUYH��5��!��������(DFK�H[SHULPHQW�ZDV�UXQ�LQ�
WULSOLFDWH��7KH�[HURJHOV�ZHUH�LQVWDQWO\�DQDO\VHG�
IRU�SURWHLQ�FRQWHQW�LPPHGLDWHO\�DIWHU�KDUYHVWLQJ�
IURP� IUHH]H-GU\LQJ� WR� UHSUHVHQW� WKH� WLPH� ]HUR-
SRLQW�GHWHUPLQDWLRQ�  
 
+3/&�DVVD\�RI�%6$�DQG�,16�FRQWHQW 
7KH� DPRXQW� RI� %6$� DW� WLPH� ]HUR� ZDV� GHWHU�
PLQHG� ZLWK� DQ� $JLOHQW� ����� VHULHV� VL]H-
H[FOXVLYH� KLJK� SHUIRUPDQFH� OLTXLG� FKURPDWRJ�
UDSK\� �6(-+3/&�� DQDO\VLV� V\VWHP� HTXLSSHG�
ZLWK� DQ� LVRFUDWLF� SXPS� DQG� D� 89� GHWHFWRU��
6DPSOHV� ZHUH� GLVVROYHG� LQ� �����0�3%6� S+� ��
�(VWH\� HW� DO��� ������ ILOWHUHG� ������ �P� PHP�
EUDQH��0LQLVDUW�%LRWHFK��� DQG� HOXWHG� WKURXJK� D�
7RVRK�76.-*(/�3:�FROXPQ� ����� [� ����PP��
����P��ZLWK�D�IORZ�UDWH�RI���P/�PLQ�DW�DPEL�
HQW�WHPSHUDWXUH�DQG�GHWHFWHG�DW�D�ZDYHOHQJWK�RI�
���� QP� XVLQJ� WKH� VDPH� 3%6� DV� PRELOH� SKDVH�
DQG� SXUH� %6$� SRZGHU� DV� UHIHUHQFH� VWDQGDUG��
&ROOHFWHG� 6(-+3/&� GDWD� ZHUH� DQDO\VHG� ZLWK�
$JLOHQW� &KHPVWDWLRQ� VRIWZDUH� DQG� FRQWHQW� RI�
%6$� ZDV� HVWLPDWHG� IURP� D� FDOLEUDWLRQ� FXUYH�
ZLWK�OLQHDULW\�YHULILHG�RYHU�FRQFHQWUDWLRQ�UDQJH�
RI����–�����PJ�P/��5��!��������7KH�SURFHGXUH�
ZDV� UHSHDWHG� IRU� WKH� WLPH� SRLQWV� RI� WKUHH� ����
DQG�VL[�����PRQWKV�IRU�WKH�YDULRXV�VWRUDJH�FRQ�
GLWLRQV��7DEOH����DV�VSHFLILHG�LQ�WKH�,&+�SURWR�
FRO� 
 
7KH�DPRXQW�RI��,16�ORDGHG�LQ�WKH�[HURJHOV�ZDV�
GHWHUPLQHG� E\� UHYHUVHG-SKDVH� KLJK-
SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\� �53-
+3/&�� �$JLOHQW� 7HFKQRORJLHV�� 6DQWD� &ODUD��
&$�� 86$�� ZLWK� D� -XSLWHU� �-ȝP� &��� FROXPQ�
����� PP� î� ���� PP�� ���� $Û� �� �3KHQRPHQH[��
86$�� ZLWK� WKH� IROORZLQJ� FRQGLWLRQV�� PRELOH�
SKDVH�-�ZDWHU��DFHWRQLWULOH����������Y�Y��FRQWDLQ�
LQJ�������Y�Y��RI�7)$�� IORZ� UDWH� -���P/�PLQ��
GHWHFWLRQ� ZDYHOHQJWK� -� ���� QP� DQG� LQMHFWLRQ�

 

7DEOH����,&+�FRQGLWLRQV�IRU�GUXJ�SURGXFWV�LQWHQGHG�IRU�VWRUDJH�LQ�D�UHIULJHUDWRU�DQG�XQGHU�
DFFHOHUDWHG�FRQGLWLRQV 

6WXG\ 6WRUDJH�FRQGLWLRQ 0LQLPXP�WLPH�FRYHUHG�E\�GDWD�DW�VXEPLVVLRQ 

/RQJ-WHUP ���&������& ���PRQWKV 

$FFHOHUDWHG ����&������&�������5+�������5+ ��PRQWKV 
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YROXPH� -� ��� ȝ/� �*LRYLQLR� HW� DO��� ������� $OO�
VDPSOHV�ZHUH�DQDO\VHG�LQ�WULSOLFDWH�DQG�WKH�SUR�
WHLQ� FRQFHQWUDWLRQ� ZDV� GHWHUPLQHG� EDVHG� RQ�
LQWHUSRODWLRQ�IURP�D�FDOLEUDWLRQ�FXUYH�ZLWK�OLQH�
DULW\� YHULILHG� RYHU� FRQFHQWUDWLRQ� UDQJH� RI� ��–
���� ȝJ�P/� �5�� !� ������� 7KH� SURFHGXUH� ZDV�
FDUULHG�RXW�IRU�WKH�WLPH�SRLQWV�RI�]HUR������WKUHH�
���� DQG� VL[� ����PRQWKV� IRU� WKH� YDULRXV� VWRUDJH�
FRQGLWLRQV��7DEOH���� 
 
6WDWLVWLFDO�DQDO\VLV 
$�WZR�WDLOHG�6WXGHQW¶V�W-WHVW�DW�����FRQILGHQFH�
LQWHUYDO��S�YDOXH���������DV�WKH�PLQLPDO�OHYHO�RI�
VLJQLILFDQFH�ZDV�XVHG� WR� HYDOXDWH� WKH�GDWD� VWD�
WLVWLFDOO\� 
 
5(68/76�$1'�',6&866,21 
7KH�%6$�DQG�,16�FRQWHQWV�RI�WKH�RSWLPLVHG�7*
-FKLWRVDQ� [HURJHOV� ZHUH� LQLWLDOO\� HVWLPDWHG� E\�
%UDGIRUG¶V�DVVD\�DQG�+3/&�PHWKRGV��;HURJHOV�
ZHUH�NHSW�LQ����ZHOO�SODWHV�VHDOHG�ZLWK�SDUDILOP�
DQG� OLGV� WR� OLPLW�PRLVWXUH�DEVRUSWLRQ�� VWRUHG� LQ�
WKH� UHIULJHUDWRU� �5)�� DW� �� �&� �� �� �&� DQG� DQD�

O\VHG� IRU� %6$� DQG� ,16� FRQWHQW� DW� �� PRQWKV�
LQWHUYDOV�� 7KH� DFFHOHUDWHG� VWDELOLW\� VWXGLHV� RI�
%6$� DQG� ,16� LQFRUSRUDWHG� LQ� WKH� FKLWRVDQ�
EDVHG� [HURJHOV� ZDV� E\� WKH� ,QWHUQDWLRQDO� &RP�
PLWWHH� IRU� +DUPRQLVDWLRQ� �,&+�¶V� FRQGLWLRQV�
IRU� GUXJ�SURGXFWV� LQWHQGHG� IRU� VWRUDJH� LQ� D� UH�
IULJHUDWRU��7KH�H[SRVXUH�RI�WKH�[HURJHOV�WR�YDU�
\LQJ� FRQGLWLRQV� RI� WHPSHUDWXUH� DQG� PRLVWXUH�
�UHODWLYH�KXPLGLW\��KDG�D�SURIRXQG�HIIHFW�RQ�WKH�
VWDELOLW\�RI�WKH�SURWHLQ�PRGHO�GUXJV��*HQHUDOO\��
[HURJHOV� VWRUHG� LQ� WKH� UHIULJHUDWRU� VKRZHG� QR�
VLJQV� RI� SURWHLQ� GHJUDGDWLRQ�IUDJPHQWDWLRQ�
WKURXJKRXW�WKH�HQWLUH�SHULRG�RI�HYDOXDWLRQ�ZLWK�
WKH�DVVD\HG�SURWHLQ�FRQWHQW�ZLWKLQ�WKH�UDQJH�RI�
���–�������DV�VSHFLILHG�E\� LQ�%ULWLVK�3KDUPD�
FRSRHLD� �%3��������7KLV�ZDV�KRZHYHU��QRW� WKH�
FDVH� ZLWK� [HURJHOV� VWRUHG� DW� DPELHQW� WHPSHUD�
WXUH�DW�D�UHODWLYH�KXPLGLW\�RI������LQ�D�KXPLGL�
W\�FKDPEHU�� 
 
%6$� DQG� ,16� FRQWHQW� E\� %UDGIRUG¶V� DVVD\ 
)LJ�� �� VKRZV� WKH� VWDELOLW\� FXUYHV� IRU� 7*-
FKLWRVDQ� [HURJHOV� FRQWDLQLQJ� %6$� DQG� ,16� 

$\HQVX�HW�DO� 

)LJ�����6WDELOLW\�FXUYHV�REWDLQHG�E\�%UDGIRUG¶V�DVVD\���$��DQG��%��VKRZ�WKH�FRQWHQW�IRU�%6$�
ZKLOH��&��DQG��'��VKRZ�WKH�FRQWHQW�RI�,16�LQ�7*-FKLWRVDQ�[HURJHOV�DIWHU�VL[�PRQWKV�VWRUDJH�LQ�
WKH�UHIULJHUDWRU��5)��DQG�XQGHU�,&+�FRQGLWLRQV� 

 

0

20

40

60

80

100

0 1 2 3 4 5 6

IN
S 

co
nt

en
t (

%
)

Time (months)

TG-chitosan-APR-INS (RF) TG-chitosan-INS (RF)

0

20

40

60

80

100

0 1 2 3 4 5 6

IN
S 

co
nt

en
t (

%
)

Time (months)

TG-chitosan-APR-INS (ICH) TG-chitosan-INS (ICH)

0.0

20.0

40.0

60.0

80.0

100.0

0 1 2 3 4 5 6

B
SA

 c
on

te
nt

 (%
)

Time (months)
TG-chitosan-APR-BSA (RF) TG-chitosan-GSH-BSA (RF)

TG-chitosan-BSA (RF)

0.0

20.0

40.0

60.0

80.0

100.0

0 1 2 3 4 5 6

B
SA

 c
on

te
nt

 (%
)

Time (months)

TG-chitosan-BSA (ICH) TG-chitosan-APR-BSA (ICH)

A

D

B

C



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867��'HFHPEHU����� 

 

 

�6WDELOLW\�SURILOHV�RI�%6$�DQG�,16�LQFRUSRUDWHG�LQ�O\RSKLOLVHG�FKLWRVDQ-EDVHG�EXFFDO�[HURJHOV��� �� 

GHWHUPLQHG�XVLQJ�%UDGIRUG¶V�DVVD\��1R�VLJQLIL�
FDQW�GLIIHUHQFHV�ZHUH�REVHUYHG�EHWZHHQ�WKH� 
PHDQ� SURWHLQ� FRQWHQW� RI� DOO� [HURJHOV� LUUHVSHF�
WLYH� RI� VWRUDJH� FRQGLWLRQV� �S� �� ������� ,Q� DGGL�
WLRQ��DOO�WLPH�SRLQWV�RI�DQDO\VLV�VKRZHG�WKDW�WKH�
SURWHLQ�FRQWHQW�RI�DOO�[HURJHOV�ZHUH�LQWDFW� 
LQGLFDWLQJ� SURGXFW� VWDELOLW\� DIWHU� VWRUDJH� XQGHU�
,&+� FRQGLWLRQV�� +RZHYHU�� VLQFH� WKH� %UDGIRUG�
PHWKRG�RI�SURWHLQ�HVWLPDWLRQ�GHSHQGV�RQ�ELQG�
LQJ�ZLWK�SURWHLQV��WKH�SRVVLELOLW\�RI�ELQGLQJ�DOO� 
GHJUDGHG�IUDJPHQWHG� SURWHLQ� SURGXFWV� PD\�
H[LVW�� WKXV�JLYLQJ� D�GHWHUPLQDWLRQ�RI� WRWDO� SUR�
WHLQ�SUHVHQW��7KLV�FRQVWLWXWHV�D�OLPLWDWLRQ�RI�WKH�
PHWKRG�LI�DOO�IUDJPHQWHG�SURGXFWV�FRQWDLQ�DUJL�
Q\O� DQG� O\V\O� UHVLGXHV� RI� SURWHLQV� ZKLFK� ELQG�
UHDGLO\�ZLWK� WKH�&RRPDVLH� EOXH� G\H� �&RQJGRQ�
HW� DO��� ����� FLWHG� LQ� .UXJHU�� ������� 6XFK� D�
PHWKRG�FDQQRW�EH�XVHG�WR�GHWHFW�WKH�SUHVHQFH�RI�
GHJUDGHG�SURWHLQV�DQG�WKXV�ZLOO�QRW�EH�VXLWDEOH�
WR�GLIIHUHQWLDWH�EHWZHHQ�WKH�SURWHLQ�SURGXFWV�LQ�
WKH�[HURJHOV�DIWHU�VWRUDJH�XQGHU�WKH�,&+�FRQGL�
WLRQV�� 
 
+3/&� GHWHUPLQDWLRQ� RI� %6$� DQG� ,16� FRQ�
WHQW 
)LJ����VKRZV�WKH�FDOLEUDWLRQ�FXUYHV�IRU�%6$�µ$¶�
DQG� ,16� µ%¶� XVLQJ� 6(-+3/&� DQG� 53-+3/&�
UHVSHFWLYHO\��7KH�UHVSHFWLYH�6(-+3/&�DQG�53-
+3/&� HVWLPDWLRQ� RI� %6$� DQG� ,16� FRQWHQWV�
SURYLGHG� HYLGHQFH� IRU� WKH� H[LVWHQFH� RI� IUDJ�
PHQWHG� SURWHLQV� IURP� [HURJHOV� VWRUHG� XQGHU� 

,&+� FRQGLWLRQV�� 6WRUDJH� RI� [HURJHOV� LQ� WKH� UH�
IULJHUDWRU� UHVXOWHG� LQ� WKH� PDLQWHQDQFH� RI� WKHLU�
LQLWLDO�FRQWHQW�DIWHU�VL[�PRQWKV�VWRUDJH��1R�VLJ�
QLILFDQW� ORVV� LQ� SURWHLQ� ZDV� GHWHFWHG� ZKHQ�
VWRUHG� LQ� WKH� UHIULJHUDWRU� �)LJ��� µ$¶� DQG� µ&¶���
+RZHYHU��VWRUDJH�DW�����&�DQG�UHODWLYH�KXPLGL�
W\�RI������VKRZHG�VLJQLILFDQW�UHGXFWLRQ�LQ�SUR�
WHLQ�FRQWHQW�GRZQ� WR������DQG������IRU�%6$�
DQG�,16�UHVSHFWLYHO\��)LJ����µ%¶�DQG�µ'¶��DIWHU�
VL[�PRQWKV�RI�VWRUDJH� 
 
7KH� UHSUHVHQWDWLYH� +3/&� FKURPDWRJUDPV� LQ�
)LJ�� �� DOVR� VKRZ� WKH� SHDNV� RI� FKHPLFDOO\� GH�
JUDGHG�%6$�DQG�,16�DORQJ�ZLWK�WKH�UHPDLQLQJ�
%6$�DQG�,16�RULJLQDOO\�SUHVHQW�LQ�WKH�[HURJHOV�
�)LJ����µ&¶�DQG�µ)¶���7KH�H[SRVXUH�RI�WKH�[HUR�
JHOV� WR� H[WUHPH� PRLVWXUH� FRQGLWLRQV� OHDGV� WR�
SURWHLQ� K\GURO\VLV�� 7KH� IUDJPHQWHG� SURWHLQ�
VSHFLHV� IURP� WKH� %6$� FRQWDLQLQJ� 7*-FKLWRVDQ�
[HURJHOV�VWRUHG�XQGHU� ,&+�FRQGLWLRQV�DUH�PRVW�
OLNHO\�WKH�UHVXOW�RI�K\GURO\VLV�RI�SHSWLGH�ERQGV�
�0DQQLQJ� HW� DO��� ������ FLWHG� LQ� (VWH\� HW� DO���
������� 7KH\� DSSHDUHG� DV�XQUHVROYHG� VSHFLHV�
HOXWLQJ� EHIRUH� WKH� PLQLPLVHG� %6$� SHDN� DV� D�
UHVXOW� RI� SURJUHVVLYH� %6$� ORVV�� 7KH� UHGXFHG�
FRQWHQW�RI�%6$�GHWHFWHG�DW�WKH�HQG�RI�WKH�LQFX�
EDWLRQ�VXJJHVWV�WKDW�WKH�K\GURO\VLV�SURFHVV�ZDV�
FRQWLQXRXV� WKURXJKRXW� WKH� LQFXEDWLRQ� SHULRG�
DQG�ZDV�LQFRPSOHWH�DW�WKH�ODVW�WLPH�SRLQW�RI�VL[�
PRQWKV��7KH�SUHVHQFH�RI�JO\FHURO�DV�D�SODVWLFL]�
HU�DV�ZHOO�DV�FU\RSUWHFWDQW�LV�HVVHQWLDO�IRU�VWUXF- 

)LJ�����%6$�µ$¶�DQG�,16�µ%¶�FDOLEUDWLRQ�FXUYHV�XVLQJ�6(-+3/&�DQG�53-+3/&�UHVSHFWLYHO\� 
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)LJ�����6WDELOLW\�FXUYHV�REWDLQHG�E\�6(-+3/&�DQG�53-+3/&�IRU�%6$�DQG�,16�UHVSHFWLYHO\��
�$�� DQG� �%�� VKRZ� WKH� FRQWHQW� IRU�%6$�ZKLOH� �&�� DQG� �'�� VKRZ� WKH� FRQWHQW� RI� ,16� LQ� 7*-
FKLWRVDQ�[HURJHOV�DIWHU�VL[�PRQWKV�VWRUDJH�LQ�WKH�UHIULJHUDWRU��5)��DQG�XQGHU�,&+�FRQGLWLRQV� 
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WXUDO� VWDELOLW\� KRZHYHU� LWV� K\JURVFRSLF� QDWXUH�
DOORZV�IRU�PRLVWXUH�LQJUHVV�WKDW�KDV�FDSDFLW\�WR�
LQGXFH�K\GURO\VLV�RI�SURWHLQV�GXULQJ�VWRUDJH�DW�
URRP�WHPSHUDWXUH��7DNDPXUD�HW�DO��������� 
 
7KH�VWDELOLW\�RI�,16�LQ�WKH�[HURJHOV�VWRUHG�LQ�D�
UHIULJHUDWRU� FRXOG� VWHP� IURP� IRUPXODWLRQ� 7*-
FKLWRVDQ�� ZKLFK� DV� D� K\GURSKLOLF� SRO\PHU� DQG�
ZRXOG�GHSRVLW�RQ�WKH�VXEVWUDWH�VXUIDFH��SUHYHQW�
LQJ� PRLVWXUH� IURP� UHDFKLQJ� WKH� SURWHLQV� DQG�
WKXV� OLPLWLQJ� FRQWLQXRXV� ,16� GHJUDGDWLRQ�
�0DURQL�HW�DO����������,Q�DGGLWLRQ�� WKH�IRUPXOD�
WLRQ� SURFHVV� LQFRUSRUDWLQJ� '-PDQQLWRO� DQG�
JO\FHURO� DV� FU\RSURWHFWDQWV� SUHYHQWV� SURWHLQ�
SUHFLSLWDWLRQ� DW� WKH� IUHH]LQJ� WHPSHUDWXUH� WKXV�
HQKDQFLQJ� ,16� VWDELOLW\� GXULQJ� UHIULJHUDWLRQ�
�*RNFH�HW�DO���������+RZHYHU�WKH�SRRU�VWDELOLW\�
RI�PRVW�WKHUDSHXWLF�SURWHLQV�XQGHU�URRP�FRQGL�
WLRQV�LV�ZHOO�GRFXPHQWHG��6WULFNOH\�	�%UDGOH\��
�����FLWHG� LQ�0DURQL�HW�DO����������1RQ-�HQ]\�
PDWLF� GHJUDGDWLRQ� UHDFWLRQV� RFFXU� ZLWK� ERWK�
VROLG�DQG�DTXHRXV�VWDWH�,16�OHDGLQJ�WR�WKH�IRU- 

PDWLRQ� RI� GHJUDGDWLRQ� SURGXFWV�� 6HYHUDO� ,16�
GHJUDGDWLRQ� SURGXFWV� LQFOXGLQJ� $��-GHVDPLGR�
LQVXOLQ�� 2WKHU� ,QVXOLQ� 5HODWHG� &RPSRXQGV�
�2,5&V�� DQG�+LJK�0ROHFXODU�:HLJKW� 3URWHLQV�
�+0:3V�� KDYH� EHHQ� GHVFULEHG� LQ� OLWHUDWXUH�
�%UDQJH�� ������ FLWHG� LQ� 0DURQL� HW� DO��� �������
7KH� GHJUDGDWLRQ� RI� ,16� IURP� WKH�7*-FKLWRVDQ�
[HURJHO� DW� ��� �&���� �� 5+� FRXOG� VWHP� IURP�
K\GUDWLRQ�DQG�K\GURO\VLV�RI�WKH�SRO\PHU�PDWUL[�
DOORZLQJ� PRLVWXUH� WR� UHDFK� WKH� H[SRVHG� ODUJH�
VXUIDFH�DUHD�RI�,16���)XUWKHUPRUH��WKH�SULPDU\�
SDFNDJLQJ� RI� SDUDILOP� VHDOLQJ� RQ� WKH� ��� ZHOO�
SODWHV� GRHV� QRW� VHHP� WR� KDYH� OLPLWHG�PRLVWXUH�
DEVRUSWLRQ� DV� RULJLQDOO\� SHUFHLYHG�� 7KHUHIRUH��
WKH�LQVWDELOLW\�RI�WKH�ORDGHG�SURWHLQ�GUXJV�FRXOG�
EH�GXH�WR�SRRU�DLU�DQG�PRLVWXUH�WLJKWQHVV�RI�WKH�
VHDOLQJ�PDWHULDO�WKDW�DOORZHG�PRLVWXUH�HQWU\�IRU�
K\GURO\VLV�RI�WKH�SURWHLQ�GUXJV�WR�RFFXU�GXULQJ�
VWRUDJH�� 
 
7KH� IRUHJRLQJ� GLVFXVVLRQ� DOOXGHV� WR� WKH� IDFW�
WKDW� O\RSKLOLVDWLRQ� RI� SURWHLQ� GUXJV� OHDGV� WR� 
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VWDELOLW\� KRZHYHU�� WKH� VWRUDJH� FRQGLWLRQV�PXVW�
EH�VHOHFWLYHO\�LQGLFDWLYH�WR�SUHYHQW�GHJUDGDWLRQ 
GXULQJ�VWRUDJH��$Q�DSSURSULDWH�VWDELOLW\�LQGLFDW�
LQJ� PHWKRG� RI� DQDO\VLV� PXVW� EH� HPSOR\HG� WR�
GHWHFW� WKH� OHDVW� FRQFHQWUDWLRQ� RI� EUHDN� GRZQ�
SURWHLQ�SURGXFWV�� 
 
&21&/86,21 
7KH�VWDELOLWLHV�RI�%6$�DQG�,16�LQFRUSRUDWHG�LQ�
FKLWRVDQ� EDVHG� [HURJHOV� KDYH� EHHQ� FULWLFDOO\�
H[DPLQHG�� 7KH� UHVXOWV� VKRZHG� WKDW� VWRUDJH� RI�
[HURJHOV� XVLQJ� DFFHOHUDWHG� VWDELOLW\� FRQGLWLRQV�
DW�����&�������5+�IRU� VL[�PRQWKV� UHVXOWHG� LQ�
VXEVWDQWLDO� ORVV� RI� QDWLYH� SURWHLQ�� 6XFK� UHGXF�
WLRQ� LQ�SURWHLQ� FRQWHQW� REVHUYHG�PD\�KDYH� UH�
VXOWHG�IURP�LQFUHDVHG�SHSWLGH�ERQG�K\GURO\VLV� 
GXH� WR� HQKDQFHG�PRLVWXUH� LQJUHVV� GXULQJ� VWRU- 
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)LJ�����6(-+3/&�FKURPDWRJUDPV� � µ$¶� VKRZV�%6$�SRZGHU�SHDN� �UHWHQWLRQ� WLPH�DURXQG�����
PLQXWHV���µ%¶�%6$�UHOHDVHG�IURP�7*-FKLWRVDQ�[HURJHOV�VWRUHG�DW�����&�DQG�µ&¶�%6$�DQG�GH�
JUDGHG�%6$�SURGXFWV�UHOHDVHG�IURP�7*-FKLWRVDQ�[HURJHO�VWRUHG�XQGHU�,&+�DFFHOHUDWHG�VWD�
ELOLW\� FRQGLWLRQV� IRU� VL[�PRQWKV��7KH�53-+3/&�FKURPDWRJUDP� µ'¶� VKRZV� WKH�SHDN�RI�SXUH�
,16�SRZGHU��UHWHQWLRQ�WLPH�DURXQG���PLQ���µ(¶�WKH�SHDN�RI�,16�IURP�7*-FKLWRVDQ�VWRUHG�LQ�D�
UHIULJHUDWRU�DQG�µ)¶�,16�DQG�GHJUDGHG�,16�SURGXFWV�IURP�[HURJHOV�VWRUHG�XQGHU�,&+�FRQGL�
WLRQV� 

DJH��6WRUDJH�RI�[HURJHOV�DW����&�LQ�D�UHIULJHUD�
WRU�PDLQWDLQHG�SURWHLQ�QDWXUH�XS� WR� VL[�PRQWK��
7KH� XVH� RI� 6(-+3/&� DQG� 53-+3/&�PHWKRGV�
UHVSHFWLYHO\�IRU�%6$�DQG�,16�HVWLPDWLRQ�\LHOG�
HG�FKURPDWRJUDPV� WKDW� VXJJHVWHG� WKH�SUHVHQFH�
RI�GHJUDGHG�SURWHLQ�SURGXFWV�IRU�[HURJHOV�XQGHU�
DFFHOHUDWHG� VWDELOLW\� VWXGLHV�� 7KH� HPSOR\PHQW�
RI� %UDGIRUG¶V� DVVD\� IRU� SURWHLQ� TXDQWLILFDWLRQ��
KRZHYHU�� FRXOG� QRW� EH� XVHG� WR� GHWHUPLQH� WKH�
SUHVHQFH�RI�SURWHLQ�GHJUDGHG�SURGXFWV�IURP�DOO�
[HURJHOV��+RZHYHU�� IXUWKHU� VWXGLHV� WR�HVWDEOLVK�
WKH� IXOO� H[WHQW� RI� VWDELOLW\� DIWHU� VWRUDJH� LQ� WKH�
UHIULJHUDWRU�IRU�XS�WR����PRQWKV�LV�UHTXLUHG� 
 
5()(5(1&(6 
$\HQVX�� ,��� 0LWFKHOO�� -�&�� DQG� %RDWHQJ�� -�6���
�������� ,Q� YLWUR� FKDUDFWHULVDWLRQ� RI� FKLWRVDQ� 



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867��'HFHPEHU����� 

 

 

$\HQVX�HW�DO� �� 

EDVHG� [HURJHOV� IRU� SRWHQWLDO� EXFFDO� GHOLYHU\�
RI�SURWHLQV��&DUERK\GUDWH�3RO\PHUV���������–�
���� 
 

$\HQVX�� ,���0LWFKHOO�� -��&�� DQG� �%RDWHQJ�� -�� 6���
�������� 'HYHORSPHQW� DQG� SK\VLFR-
PHFKDQLFDO� FKDUDFWHULVDWLRQ� RI� O\RSKLOLVHG�
FKLWRVDQ�ZDIHUV�DV�SRWHQWLDO�SURWHLQ�GUXJ�GH�
OLYHU\� V\VWHPV� YLD� WKH� EXFFDO� PXFRVD�� &RO�
ORLGV�DQG�6XUIDFHV�%��%LRLQWHUIDFHV���������–�
����� 

 
$\HQVX�� ,�� �������� 'HYHORSPHQW� RI� QRYHO� IRU�
PXODWLRQV� IRU� PXFRVDO� GHOLYHU\� RI� SURWHLQ�
EDVHG� GUXJV�� 3K'� 7KHVLV�� 8QLYHUVLW\� RI�
*UHHQZLFK� 

 
%HUQNRS-6FKQ�UFK�� $��� +RUQRI��0�� DQG� =RLGO��
7�� �������� 7KLRODWHG� SRO\PHUV� –� WKLRPHUV��
PRGLILFDWLRQ� RI� FKLWRVDQ� ZLWK� �-� LPLQRWKL�
RODQH�� ,QWHUQDWLRQDO� -RXUQDO� RI� 3KDUPDFHX�
WLFV����������–���� 

 
%RDWHQJ� -�� 6��� 0LWFKHOO�� -�� &��� 3DZDU�� +�� DQG�
$\HQVX�� ,�� �������� )XQFWLRQDO� &KDUDFWHULVD�
WLRQ� DQG� 3HUPHDWLRQ� 6WXGLHV� RI� /\RSKLOLVHG�
7KLRODWHG�&KLWRVDQ�;HURJHOV� IRU�%XFFDO�'H�
OLYHU\�RI�,QVXOLQ��3URWHLQ�DQG�3HSWLGH�/HWWHUV��
�� 

 
%RDWHQJ� -�� 6�� DQG�$\HQVX�� ,�� �������� 3UHSDUD�
WLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�ODPLQDWHG�WKLRODW�
HG� FKLWRVDQ-EDVHG� IUHH]H-GULHG� ZDIHUV� IRU�
SRWHQWLDO� EXFFDO� GHOLYHU\� RI�PDFURPROHFXOHV�
'UXJ�'HYHORSPHQW�DQG�,QGXVWULDO�3KDUPDF\��
������� ���–���� '2,��
���������������������������� 

 
%ULWLVK� 3KDUPDFRSRHLD�� ��������7KH�6WDWLRQHU\�
2IILFH��/RQGRQ� 

 
(UQVW�� 2�� DQG� =RU�� 7�� ������� /LQHDUL]DWLRQ� RI�
WKH�%UDGIRUG�3URWHLQ�$VVD\��-RXUQDO�RI�9 LVX�
DOL]HG�([SHULPHQWV���-���'2,���������������� 

(VWH\�� 7��� .DQJ�� -��� 6FKZHQGHPDQ�� 6�� 3�� DQG��
&DUSHQWHU�� -�� )�� �������� %6$� 'HJUDGDWLRQ�
XQGHU� $FLGLF� &RQGLWLRQV�� $�0RGHO� IRU� 3UR�
WHLQ� ,QVWDELOLW\� GXULQJ� 5HOHDVH� IURP� 3/*$�
'HOLYHU\�6\VWHPV��-RXUQDO�RI�3KDUPDFHXWLFDO�
6FLHQFHV���������������-���� 

 
*LRYLQR��&���$\HQVX��,���-RKQ�7HWWHK��-���-RVKXD�
6�� DQG� %RDWHQJ�� -�� 6�� �������� 'HYHORSPHQW�
DQG� FKDUDFWHULVDWLRQ� RI� FKLWRVDQ� ILOPV� LP�
SUHJQDWHG� ZLWK� LQVXOLQ� ORDGHG� 3(*-ȕ-3/$�
QDQRSDUWLFOHV��13V���$�SRWHQWLDO�DSSURDFK�IRU�
EXFFDO� GHOLYHU\� RI� PDFURPROHFXOHV�� ,QWHUQD�
WLRQDO� -RXUQDO� RI� 3KDUPDFHXWLFV�� ����� ���–�
���� 

 
*RNFH��<���&HQJL]��%���<LOGL]��1���&DOLPOL��$��
DQG�$NWDV��=����������8OWUDVRQLFDWLRQ�RI�FKL�
WRVDQ� QDQRSDUWLFOH� VXVSHQVLRQ�� LQIOXHQFH� RQ�
SDUWLFOH� VL]H��&ROORLGV� DQG� 6XUIDFHV� $�� �����
��–��� 

 
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� +DUPRQL]DWLRQ�
*XLGDQFH� IRU� ,QGXVWU\� 4�$� �5���� 6WDELOLW\�
WHVWLQJ�RI�QHZ�'UXJ�6XEVWDQFHV�DQG�3URGXFWV��
)'$�&'(5�&%(5��1RYHPEHU����� 

 
.UXJHU�� 1�� �������� 7KH� %UDGIRUG� PHWKRG� IRU�
SURWHLQ� TXDQWLILFDWLRQ� ,Q�� :DONHU� -�0��� (G��
7KH� 3URWHLQ� 3URWRFROV� +DQGERRN�� +XPDQD�
3UHVV�,QF��7RWRZD��1-� 

 
0DURQL��$���&XUWR��0�'�'��� 6HUUDWRQL��0��� =H�
PD��/���)RSSROL��$���*D]]DQLJD��$��DQG�6DQ�
JDOOL�� 0�(�� �������� )HDVLELOLW\�� VWDELOLW\� DQG�
UHOHDVH� SHUIRUPDQFH� RI� D� WLPH-GHSHQGHQW�
LQVXOLQ�GHOLYHU\� V\VWHP� LQWHQGHG� IRU�RUDO� FR�
ORQ�UHOHDVH��(XURSHDQ�-RXUQDO�RI�3KDUPDFHX�
WLFV�DQG�%LRSKDUPDFHXWLFV���������-���� 

 
7DNDPXUD�� .��� )LVFKHU�� +�� DQG�0RUURZ� 1�� 5��
��������3K\VLFDO� SURSHUWLHV� RI� DTXHRXV� JO\F�
HURO� VROXWLRQV�� -RXUQDO� RI� 3HWUROHXP� 6FLHQFH�
DQG�(QJLQHHULQJ�����–��� ��-�� 


