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,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

$VVRF�3URI�'U��*XOWHNLQ�2='(0,5
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH��9LWLFXOWXUH
'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�+RUWLFXOWXUH��
'L\DUEDNLU��7XUNH\�
JR]GHPLU#GLFOH�HGX�WU��������HGLWRU#MDHIV�FRP�

(GLWRU�LQ�&KLHI

3URI�'U��=H\QHO�&(%(&,
$JULFXOWXUDO�6FLHQFHV��%LRPHWU\�	�*HQHWLFV
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'LY��RI�%LRPHWU\�	�*HQHWLFV��
$GDQD��7XUNH\�
]FHEHFL#FX�HGX�WU

&R�(GLWRU�LQ�&KLHI

3URI�'U��+DNDQ�$.7$6
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
6XOH\PDQ�'HPLUHO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��,VSDUWD��7XUNH\�
DNWDVKDNDQ#VGX�HGX�WU
3URI�'U��<ÕOPD]�%$<+$1
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0DFKLQHU\
1DPÕN�.HPDO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�%LRV\VWHP�(QJLQHHULQJ��7HNLUGD÷��
7XUNH\�
\ED\KDQ#QNX�HGX�WU
3URI�'U��2QHU�&(7,1�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ
'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ��
'L\DUEDNLU��7XUNH\�
RQHUBFHWLQ#\DKRR�FRP
3URI�'U��+��<LOGL]�'$6*$1�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
GDVJDQ#FX�HGX�WU
3URI�'U��7HW\DQD�.$/1$�'8%,1<8.�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV��'HSDUWPHQW�RI�([WHQVLRQ�DQG�7RXULVP�RI�
8NUDLQH�.\LY��8NUDLQH�
WDWLDQNG#\DKRR�FRP
3URI�'U��6H]DL�(5&,6/,�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
$WDWXUN�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��(U]XUXP��7XUNH\
VHUFLVOL#DWDXQL�HGX�WU
3URI�'U��,VPDLO�.$5$&$�
$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ
$SSOLHG�6FLHQFHV�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��,VSDUWD��
7XUNH\�
LVPDLONDUDFD#VGX�HGX�WU
3URI�'U��$\]Q�%��.8'(1�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
DENXGHQ#FX�HGX�WU
3URI�'U��0DUN�0$77+(:6�
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH�DQG�(QRORJ\
&DOLIRUQLD�8QLYHUVLW\��'HSDUWPHQW�RI�9LWLFXOWXUH�DQG�(QRORJ\��'DYLV��8�6�$�
PDPDWWKHZV#XFGDYLV�HGX

(GLWRULDO�%RDUG

-LEDQ�6+5(67+$�
$JULFXOWXUDO�6FLHQFHV��)LHOG�&URSV
1HSDO�$JULFXOWXUDO�5HVHDUFK�&RXQFLO��1DWLRQDO�&RPPHUFLDO�$JULFXOWXUH�5HVHDUFK�3URJUDP��
3DNKULEDV��'KDQNXWD��1HSDO�
MLEVKUHVWKD#QPUS�JRY�QS

/DQJXDJH�(GLWRU

,QW�-�$JULF�(QYLURQ�)RRG�6FL����6SHFLDO���������
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,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

3URI�'U��1��<HVLP�<DOFLQ�0(1',�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
\HVLPFDQ#FX�HGX�WU
3URI�'U��6HPLK�1(0/,2*/8�
(QYLURQPHQWDO�6FLHQFHV��:DWHU�3ROOXWLRQ�DQG�&RQWURO
,VWDQEXO�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ��'HSDUWPHQW�RI�(QYLURQPHQWDO�(QJLQHHULQJ��,VWDQEXO��
7XUNH\�
VQHPOL#LVWDQEXO�HGX�WU
3URI�'U��,EUDKLP�257$6�
$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH��3ODQW�1XWULWLRQ
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ��
$GDQD��7XUNH\�
LRUWDV#FX�HGX�WU
3URI�'U��2UKDQ�2=&$7$/%$6�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
$NGHQL]�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��$QWDO\D��
7XUNH\�
R]FDWDOEDV#DNGHQL]�HGX�WU
3URI�'U��1HEDKDW�6$5,�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
QHVDUL#FX�HGX�WU
3URI�'U��1D]ÕP�6(.(52*/8�
)RRG�6FLHQFHV��0HGLFLQDO�DQG�$URPDWLF�3ODQWV
.LOLV���$UDOLN�8QLYHUVLW\��)DFXOW\�RI�(QJLQHHULQJ�DQG�$UFKLWHFWXUH��'HSDUWPHQW�RI�)RRG�
(QJLQHHULQJ��.LOLV��7XUNH\�
QVHNHURJOX#JPDLO�FRP
3URI�'U��$EGXOODK�6(66,=�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0DFKLQHU\
'LFOH�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$JULFXOWXUDO�0DFKLQHU\�DQG�7HFKQRORJLHV�
(QJLQHHULQJ��'L\DUEDNLU��7XUNH\�
DVHVVL]#GLFOH�HGX�WU
3URI�'U��6HPLK�7$1*2/$5�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
WDQJRODU#FX�HGX�WU
3URI�'U��6HUSLO�7$1*2/$5�
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
dXNXURYD�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��$GDQD��7XUNH\
VWDQJRODU#FX�HGX�WU
$VVRF�3URI�'U��(URO�$7$<�
$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ
0XVWDID�.HPDO�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�3ODQW�3URWHFWLRQ��$QWDN\D��7XUNH\�
HDWD\#PNX�HGX�WU
$VVRF�3URI�'U��.KXGD�%$.+6+
$JULFXOWXUDO�6FLHQFHV��(QYLURQPHQWDO�(FRQRPLFV
&206$76�,QVWLWXWH�RI�,QIRUPDWLRQ�7HFKQRORJ\��'HSDUWPHQW�RI�0DQDJHPHQW�6FLHQFHV��9HKDUL��
3DNLVWDQ�
NEDNKVK#FLLWYHKDUL�HGX�SN
$VVRF�3URI�'U��6HPD�.DOH�&(/,.�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�6WUXFWXUHV�DQG�,UULJDWLRQ
$SSOLHG�6FLHQFHV�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�$JULFXOWXUDO�6WUXFWXUHV�DQG�
,UULJDWLRQ��,VSDUWD��7XUNH\�
VHPDNDOH#VGX�HGX�WU
$VVRF�3URI�'U��<XUL\�.5$9&+(1.2�
$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH
1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�RI�8NUDLQH��6RLO�6FLHQFH�DQG�6RLO�
&RQVHUYDWLRQ�'HSDUWPHQW�8NUDLQH�
NUDYFK#L�XD
$VVRF�3URI�'U��5yEHUW�6=,/$*<,�
$JULFXOWXUDO�6FLHQFHV��0RELOH�,QWHUQHW�LQ�$JULFXOWXUH
'HEUHFHQ�8QLYHUVLW\��'HEUHFHQ��+XQJDU\�
V]LODJ\L�UREHUW#HFRQ�XQLGHE�KX

(GLWRULDO�%RDUG

�H�,661������������
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,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

$VVRF�3URI�'U��6HOPD�72=$1/,�
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
,QVWLWXW�$JURQRPLTXH�0pGLWHUUDQpHQ�GH�0RQWSHOOLHU��)UDQFH
WR]DQOL#LDPP�IU
$VVLVW�3URI�'U��6LPRQH�&$67(//$5,1�
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH͒�	�3ODQW�*HQRPLFV
%ULWLVK�&ROXPELD�8QLYHUVLW\��'HSDUWPHQW�9LWLFXOWXUH͒�	�3ODQW�*HQRPLFV��&DQDGD
VLPRQH�FDVWHOODULQ#XEF�FD
'U��-DYLHU�/23(=�
$JULFXOWXUDO�6FLHQFHV��3ODQW�%LRWHFKQRORJ\
7HFQRORJLFR�GHO�9DOOH�GH�2D[DFD��0H[LFR
MDYLHUBORSH]E#KRWPDLO�FRP
'U��;LQJ�-XQ�:$1*
$JULFXOWXUDO�6FLHQFHV��3ODQW�%LRWHFKQRORJ\
6KDQGRQJ�$FDGHP\�RI�$JULFXOWXUDO�6FLHQFHV��%LRWHFKQRORJ\�5HVHDUFK�&HQWHU��-LQDQ��&KLQD
[LQJMXQZ#KRWPDLO�FRP

(GLWRULDO�%RDUG

3URI�'U��,UIDQ�$KPDG�%$,*
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
0XKDPPDG�1DZD]�6KDUHHI�8QLYHUVLW\�RI�$JULFXOWXUH��0XOWDQ��3DNLVWDQ�
LUIDQ�EDLJ#PQVXDP�HGX�SN
3URI�'U��$KPHW�%$<5$0
$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�
DED\UDP#GLFOH�HGX�WU
3URI�'U��0RKDPHG�%28$=,=
)RRG�6FLHQFHV��)RRG�7HFKQRORJ\
8QLYHUVLW\�RI�6ID[��7XQLVLD�
PRKDPHG�ERXD]L]#LVEV�XVI�WQ
3URI�'U��6DOLK�d(/,.
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
1DPLN�.HPDO�8QLYHUVLW\��7HNLUGDJ��7XUNH\
VDOLKFHOLN#QNX�HGX�WU
3URI�'U��*LXOLDQR�),1(772
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
8QLYHUVLW\�RI�9HURQD��9HURQD��,WDO\�
JLXOLDQR¿QHWWR#JPDLO�FRP
3URI�'U��%�OHQW�*h/d8%8.
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
$QNDUD�8QLYHUVLW\��$QNDUD��7XUNH\�
JXOFXEXN#DJUL�DQNDUD�HGX�WU
3URI�'U��5D¿T�,6/$0�
(QYLURQPHQW�6FLHQFHV��6RLO��:DWHU�DQG�%LRHQHUJ\�5HVRXUFHV
7KH�2KLR�6WDWH�8QLYHUVLW\��3LNHWRQ��86$�
LVODP���#RVX�HGX
3URI�'U��*HRUJH�-$326+9,/,
$JULFXOWXUDO�6FLHQFHV��(QWRPRORJ\
$JUDULFXOWXUDO�8QLYHUVLW\�RI�*HRUJLD��7ELOLVL�
J�MDSRVKYLOL#DJUXQL�HGX�JH
3URI�'U��+�VH\LQ�d(/ø.
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
2QGRNX]�0D\LV�8QLYHUVLW\��6DPVXQ��7XUNH\�
KXVFHOLN#RPX�HGX�WU
3URI�'U��+DúLP�.(/(%(.
)RRG�6FLHQFHV��)RRG�7HFKQRORJ\
$GDQD�6FLHQFH�DQG�7HFKQRORJ\�8QLYHUVLW\��$GDQD��7XUNH\
KNHOHEHN#DGDQDEWX�HGX�WU
3URI�'U��.�UúDW�.25.0$=
$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ
2UGX�8QLYHUVLW\��2UGX��7XUNH\�
NRUNPD]��#KRWPDLO�FRP

$GYLVRU\�%RDUG

�H�,661������������
,QW�-�$JULF�(QYLURQ�)RRG�6FL����6SHFLDO���������
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,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

3URI�'U��%LUKDQ�.817(5
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
$QNDUD�8QLYHUVLW\��$QNDUD��7XUNH\
PDUDVDOL#DJUL�DQNDUD�HGX�WU
3URI�'U��9HDFHVODY�0$=Ă5(
(QYLURQPHQWDO�6FLHQFHV��6RLO�6FLHQFH
%DQDW�8QLYHUVLW\�RI�$JULFXOWXUDO�6FLHQFHV�DQG�9HWHULQDU\�0HGLFLQH��5RPDQLD
YDOHQWLQ�PD]DUH#JPDLO�FRP
3URI�'U��3DKODM�022/,2
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
3DxxƗVƗVWUD�8QLYHUVLW\�RI�&DPERG�LD��38&���3KQRP�3HQK��&DPERGLD
SDKODM#SXF�HGX�NK
3URI�'U��3HWHU�21'5,âË.
$JULFXOWXUDO�6FLHQFHV��$JURELRORJ\�DQG�)RRG�5HVRXUFHV
6ORYDN�8QLYHUVLW\�RI�$JULFXOWXUH��1LWUD��6ORYDN�5HSXEOLF�
SHWHU�RQGULVLN#XQLDJ�VN
3URI�'U��+DNDQ�g=.$1
$JULFXOWXUDO�6FLHQFHV��)LHOG�&URSV
&XNXURYD�8QLYHUVLW\��$GDQD��7XUNH\�
KR]NDQ#FX�HGX�WU
3URI�'U��$OL�6$%,5
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\�
DVDELU#VHOFXN�HGX�WU
3URI�'U��6HNDQ�6(//,
)RRG�6FLHQFHV��)RRG�7HFKQRORJ\
&XNXURYD�8QLYHUVLW\��$GDQD��7XUNH\
VVHOOL#FX�HGX�WU
3URI�'U��9LQD\DN�6��6+('(.$5
$JULFXOWXUDO�6FLHQFHV��)RRG��$JULFXOWXUDO�DQG�%LRORJLFDO�(QJLQHHULQJ
7KH�2KLR�6WDWH�8QLYHUVLW\��3LNHWRQ��86$
VKHGHNDU��#RVX�HGX
3URI�'U��9HOLERU�63$/(9,&
(QYLURQPHQWDO�6FLHQFHV��(FRORJLFDO�(QJLQHHULQJ
8QLYHUVLW\�RI�0RQWHQHJUR��3RGJRULFD��0RQWHQHJUR�
YHOLERU�VSDOHYLF#JPDLO�FRP
3URI�'U��*HRUJH�-��67$7+$6
$JULFXOWXUDO�6FLHQFHV��(QWRPRORJ\�	�=RRORJ\
7HFKQRORJLFDO�(GXFDWLRQDO�,QVWLWXWH�RI�3HORSRQQHVH��.DODPDWD��*UHHFH
JVWDWKDV#WHLNDO�JU
3URI�'U��0HWLQ�785$1
$JULFXOWXUDO�DQG�(QYLURQPHQWDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ
<HGLWHSH�8QLYHUVLW\��,VWDQEXO��7XUNH\
PHWLQ�WXUDQ#\HGLWHSH�HGX�WU
3URI�'U��+DOLO�øEUDKLP�8=81
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
$NGHQL]�8QLYHUVLW\��$QWDO\D��7XUNH\�
X]XQ#DNGHQL]�HGX�WU
3URI�'U��+�VQ��h1h
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
6XOH\PDQ�'HPLUHO�8QLYHUVLW\��,VSDUWD��7XUNH\�
KXVQXXQOX#VGX�HGX�WU
3URI�'U��+DOLW�<(7,ù,5
$JULFXOWXUDO�6FLHQFHV��+RUWLFXOWXUH
(UFL\HV�8QLYHUVLW\��.D\VHUL��7XUNH\�
\HWLVLU�#\DKRR�FRP
$VVRF�3URI�'U��+DOLO�(5'(0
$JULFXOWXUDO�6FLHQFHV��6RLO�6FLHQFH�DQG�3ODQW�1XWULWLRQ
*D]LRVPDQSDVD�8QLYHUVLW\��7RNDW��7XUNH\�
HUGHPK#KRWPDLO�FRP
$VVRF�3URI�'U��gQGHU�.$0,/2ö/8
$JULFXOWXUDO�6FLHQFHV��9LWLFXOWXUH
0XVWDID�.HPDO�8QLYHUVLW\��+DWD\��7XUNH\�
RNDPLORJOX#PNX�HGX�WU

$GYLVRU\�%RDUG

�H�,661������������
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ZZZ�MDHIV�FRP-$()6

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

$VRFF�3URI�'U��0LOHQD�027(9$
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
8QLYHUVLW\�RI�$UFKLWHFWXUH��&LYLO�(QJLQHHULQJ�DQG�*HRGHV\��8$&(*���6R¿D�������%XOJDULD�
PLOHQD�PRWHYD#\DKRR�FRP
$VVRF�3URI�'U��0HFLW�+DOLO�g=723
)RRG�6FLHQFHV��)RRG�3DFNDJLQJ
0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\��$QNDUD��7XUNH\�
PHFLW#PHWX�HGX�WU
$VVRF�3URI�'U��1DWDOLLD�6,/2129$
(QYLURQPHQWDO�6FLHQFHV��0DFKLQH�/HDUQLQJ
1DWLRQDO�8QLYHUVLW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV�RI�8NUDLQH��.\LY�
VLORQRYD#XNU�QHW
$VVRF��3URI��9MHNRVODY�7$1$6.29,.-
(QYLURQPHQWDO�6FLHQFHV��:DWHU�4XDOLW\
6V��&\ULO�DQG�0HWKRGLXV�8QLYHUVLW\��6NRSMH��0DFHGRQLD�
YMHNRVODYWDQDVNRYLF#\DKRR�FRP
$VVRF�3URI�'U��=HOMND�=*25(/(&
$JULFXOWXUDO�6FLHQFHV��$JURQRP\
8QLYHUVLW\�RI�=DJUHE�)DFXOW\�RI�$JULFXOWXUH��&URDWLD�
]]JRUHOHF#DJU�KU
$VVW�3URI�'U��$EGXUUDKPDQ�.$5$
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�(FRQRPLFV
'LFOH�8QLYHUVLW\��'L\DUEDNLU��7XUNH\�
DEGXUUDKPDQ�NDUD#GLFOH�HGX�WU
$VVW�3URI�'U��1XUJ�O�.,7,5
$JULFXOWXUDO�DQG�)RRG�6FLHQFHV��3ODQW�%LRWHFKQRORJ\
.RQ\D�)RRG�DQG�$JULFXOWXUH�8QLYHUVLW\��.RQ\D��7XUNH\�
QXUJXOBNLWLU#KRWPDLO�FRP
'U��%XOHQW�.RF
$JULFXOWXUDO�6FLHQFHV��$JULFXOWXUDO�0HFKDQL]DWLRQ
&OHPVRQ�8QLYHUVLW\��&OHPVRQ��86$�
EXOHQW#FOHPVRQ�HGX
'U��+XPD�1D]
$JULFXOWXUDO�6FLHQFHV��3ODQW�3URWHFWLRQ
'HSDUWPHQW�RI�$JULFXOWXUH�DQG�&RRSHUDWLRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)DUPHUV�:HOIDUH��.ULVKL�
%KDZDQ��1HZ�'HOKL��,QGLD�
KXPDQD]��#JPDLO�FRP
'U��:LOVRQ�+8$1&$�0$0$1,
$JULFXOWXUDO�6FLHQFHV��3ODQW�%LRWHFKQRORJ\
8QLYHUVLGDG�GH�7DUDSDFi��$ULFD��&KLOH
ZKXDQFD#XWD�FO
'U��(GPXQGR�0HUFDGR�6,/9$
$JULFXOWXUDO�6FLHQFHV��3ODQW�3K\VLRORJ\
8QLYHUVLGDG�$XWyQRPD�GH�4XHUpWDUR��4XHUHWDUR��0H[LFR�
PHUFDGR������#JPDLO�FRP

$GYLVRU\�%RDUG
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352)��'5��1$=,0�ù(.(52ö/8
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$0$30('

6<0326,80�6(&5(7$5<
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'2,�����������MDHIV��

3URGXFWLRQ�,QIRUPDWLRQ

-RXUQDO�1DPH ,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV

$EEUHYLDWLRQ ,QW�-�$JULF�(QYLURQ�)RRG�6FL

6XEMHFWV $JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV
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3XEOLVKHU *XOWHNLQ�2]GHPLU

2ZQHU *XOWHNLQ�2]GHPLU

/DQJXDJH (QJOLVK

)UHTXHQF\ 4XDUWHUO\��0DUFK��-XQH��6HSWHPEHU��'HFHPEHU�

7\SH�RI�3XEOLFDWLRQ ,QWHUQDWLRQDO��6FLHQWL¿F��2SHQ�$FFHVV
'RXEOH�EOLQGHG�SHHU�UHYLHZ
:LGHO\�GLVWULEXWHG�SHULRGLFDO

0DQXVFULSW�6XEPLVVLRQ�DQG�
7UDFNLQJ�6\VWHP

-$()6�XVHV�WKH�VXEPLVVLRQ�V\VWHP�RI�78%,7$.�8/$.%,0�-RXUQDO3DUN�
2SHQ�-RXUQDO�6\VWHPV���KWWS���GHUJLSDUN�JRY�WU�MDHIV

/LFHQVH -RXUQDO�LV�OLFHQVHG�XQGHU�D�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�����,QWHUQDWLRQDO�
/LFHQVH

/HJDO�5HVSRQVLELOLW\ $XWKRUV�DUH�UHVSRQVLEOH�IRU�FRQWHQW�RI�DUWLFOHV�WKDW�ZHUH�SXEOLVKHG�LQ�-RXUQDO�

,QGH[HG�DQG�$EVWUDFWHG�LQ &URVUHI��'LUHFWRU\�RI�2SHQ�$FFHVV�-RXUQDO��'2$-���*RRJOH�6FKRODU��6FLOLW��
52$'��'LUHFWRU\�RI�2SHQ�$FFHVV�6FKRODUO\�5HVRXUFHV���1HOLWL��,QWHUQDWLRQDO�
&LWDWLRQ�,QGH[��5227�,QGH[LQJ��5HVHDUFK%LE��,QGH[�&RSHUQLFXV�
,QWHUQDWLRQDO��(6-,��-RXUQDO72&V��7((/6��5HVHDUFK*DWH��0LFURVRIW�
$FDGHPLF

$GGUHVV ,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�
*XOWHNLQ�2]GHPLU�
'LFOH�8QLYHUVLW\�)DFXOW\�RI�$JULFXOWXUH�'HSDUWPHQW�RI�+RUWLFXOWXUH��������
'L\DUEDNLU���785.(<

&RQWDFW 3KRQH�������������������
(�PDLO��HGLWRU#MDHIV�FRP
�������������MDHIVHGLWRU#JPDLO�FRP��
:HE�����ZZZ�MDHIV�FRP�
�������������GHUJLSDUN�JRY�WU�MDHIV

,QW�-�$JULF�(QYLURQ�)RRG�6FL����6SHFLDO�,VVXH���������
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$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

'2,�����������MDHIV��

$LP�DQG�6FRSH �,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV���-$()6��LV�DQ�LQWHUQDWLRQDO�
MRXUQDO��ZKLFK�SXEOLVKHV�RULJLQDO�UHVHDUFK�DQG�UHYLHZ�DUWLFOHV�GHDOLQJ�ZLWK�$JULFXOWXUH��(QYLURQPHQW�
DQG�)RRG�6FLHQFHV���
-$()6�-RXUQDO� LV�DQ� LQWHUQDWLRQDO��VFLHQWL¿F��RSHQ�DFFHVV�SHULRGLFDO�SXEOLVKHG� LQ�DFFRUGDQFH�ZLWK�
LQGHSHQGHQW��XQELDVHG��DQG�GRXEOH�EOLQGHG�SHHU�UHYLHZ�SULQFLSOHV�
-RXUQDO�SXEOLVKHV�4XDUWHUO\��0DUFK��-XQH��6HSWHPEHU��'HFHPEHU���
7KH�SXEOLFDWLRQ�ODQJXDJH�RI�WKH�MRXUQDO�LV�(QJOLVK�DQG�FRQWLQXHV�SXEOLFDWLRQ�VLQFH�'HFHPEHU�������
$�'LJLWDO�2EMHFW�,GHQWL¿HU��'2,��QXPEHU�KDV�EHHQ�DVVLJQHG�IRU�HDFK�DUWLFOH�DFFHSWHG�WR�EH�SXEOLVKHG�LQ�
-$()6��VWDUWLQJ�IURP�'HFHPEHU�������
-RXUQDO� RI� -$()6� ZHOFRPHV� DUWLFOH� VXEPLVVLRQV� DQG� GRHV� QRW� FKDUJH� DQ\� DUWLFOH� VXEPLVVLRQ� RU�
SURFHVVLQJ�FKDUJHV��

,QWHUQDWLRQDO�-RXUQDO�RI��$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�DUHDV�RI�LQWHUHVW�LQFOXGH��EXW�DUH�
QRW�OLPLWHG�WR��$JULFXOWXUDO�(QJLQHHULQJ�DQG�7HFKQRORJ\��(QYLURQPHQWDO�(QJLQHHULQJ�DQG�7HFKQRORJ\��
)RRG�(QJLQHHULQJ�DQG�7HFKQRORJ\��$JULFXOWXUH��(QYLURQPHQW��)RRG���$JULFXOWXUH�+LVWRU\��$JULFXOWXUDO�
(FRQRPLFV��$JURQRP\��$QLPDO�6FLHQFHV��$TXDFXOWXUH��%LRFKHPLVWU\��%LRWHFKQRORJ\��%LRLQIRUPDWLFV�
DQG�'DWD� 6FLHQFH�� &URS� 6FLHQFH�� 'DLU\� 6FLHQFH�� ([WHQVLRQ� 6FLHQFH� DQG� (GXFDWLRQ�� (QWRPRORJ\��
(QYLURQPHQWDO�6FLHQFH��)LVK�DQG�)LVKHULHV��)RRG�3URFHVVLQJ��)RRG�&KHPLVWU\��)RRG�&XOWXUH��)RRG�
+HDOWK�DQG�1XWULWLRQ��)RRG�+LVWRU\��)RRG�,QGXVWU\�'HYHORSPHQW��)RRG�0DUNHWLQJ��)RRG�3ROLF\�DQG�
3UDFWLFHV�� )RRG� 6DIHW\�� )RUHVWU\�� +RUWLFXOWXUH�� ,QIRUPDWLRQ� 7HFKQRORJLHV� DQG� 6\VWHPV�� ,UULJDWLRQ��
0ROHFXODU�%LRORJ\��2UJDQLF�$JULFXOWXUH��3ODQW�3K\VLRORJ\��3ODQW�%UHHGLQJ��3ODQW�3URWHFWLRQ��3ODQW�
6FLHQFHV��3UHFLVLRQ�$JULFXOWXUH��5XUDO�'HYHORSPHQW�DQG�3ROLF\��6XVWDLQDEOH�$JULFXOWXUH��6RLO�6FLHQFH��
3ODQW�1XWULWLRQ��(QHUJ\�&URSV��9HWHULQDU\��:DWHU�5HVRXUFHV�

,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��-$()6��SXEOLVKHV�IXOO\�RSHQ�
DFFHVV�MRXUQDO��ZKLFK�PHDQV�WKDW�DOO�DUWLFOHV�DUH�DYDLODEOH�RQ�WKH�LQWHUQHW�WR�DOO�XVHUV�LPPHGLDWHO\�XSRQ�
SXEOLFDWLRQ��
$OO�WKH�RULJLQDO�DUWLFOHV�DQG�UHYLHZ�SDSHUV�SXEOLVKHG�LQ�-$()6�MRXUQDO�DUH�IUHH�WR�DFFHVV�LPPHGLDWHO\�
IURP�WKH�GDWH�RI�SXEOLFDWLRQ��
,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV��-$()6��GRQ¶W�FKDUJH�DQ\�IHHV�
IRU�DQ\�UHDGHU�WR�GRZQORDG�DUWLFOHV�DQG�UHYLHZV�IRU�WKHLU�RZQ�VFKRODUO\�XVH�
8VHUV�DUH�DOORZHG�WR�UHDG��GRZQORDG��FRS\��GLVWULEXWH��SULQW��VHDUFK��RU� OLQN�WR�WKH�IXOO� WH[WV�RI� WKH�
DUWLFOHV��RU�XVH�WKHP�IRU�DQ\�RWKHU�ODZIXO�SXUSRVH��ZLWKRXW�DVNLQJ�SULRU�SHUPLVVLRQ�IURP�WKH�SXEOLVKHU�RU�
WKH�DXWKRU��7KLV�LV�LQ�DFFRUGDQFH�ZLWK�WKH�%2$,�GH¿QLWLRQ�RI�RSHQ�DFFHVV���
&RS\ULJKW�RI�WKH�OD\RXW�DQG�GHVLJQ�RI�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�
6FLHQFHV�DUWLFOHV�UHPDLQV�ZLWK�WKH�MRXUQDO�DQG�FDQQRW�EH�XVHG�LQ�RWKHU�SXEOLFDWLRQV��
,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�DOVR�RSHUDWHV�XQGHU�WKH�&UHDWLYH�
&RPPRQV�/LFHQFH�&&�%<�1&�1'��
$OO�DXWKRUV�SXEOLVKLQJ�ZLWK�WKH�-$()6�DFFHSW�WKHVH�DV�WKH�WHUPV�RI�SXEOLFDWLRQ�
%HQH¿WV�RI�RSHQ�DFFHVV�IRU�$XWKRUV�LQFOXGH�
)UHH�DFFHVV�IRU�DOO�XVHUV�ZRUOGZLGH
$XWKRUV�UHWDLQ�FRS\ULJKW�WR�WKHLU�ZRUN
,QFUHDVHG�YLVLELOLW\�DQG�UHDGHUVKLS
5DSLG�SXEOLFDWLRQ
1R�VSDWLDO�FRQVWUDLQWV�

$XWKRUV� ZKR� SXEOLVK� ZLWK� ,QWHUQDWLRQDO� -RXUQDO� RI�$JULFXOWXUH�� (QYLURQPHQW� DQG� )RRG� 6FLHQFHV�
�-$()6��DJUHH�WR�WKH�IROORZLQJ�WHUPV�

$XWKRUV�WUDQVIHU�WKH�FRS\ULJKW�WR�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV�
�-$()6����$XWKRUV��KRZHYHU��XSRQ�WKH�SXEOLFDWLRQ�RI�WKHLU�ZRUN��FDQ�UHSXEOLVK�LW�LQ�DQ�DQRWKHU�MRXUQDO�RU�
ERRN�SURYLGHG�WKDW�WKH\�REWDLQ�WKH�SHUPLVVLRQ�RI�WKH�-RXUQDO��0RUHRYHU��WKH\�DUH�WR�LQFOXGH�WKH�QRWH�
LQGLFDWLQJ�WKDW�WKHLU�ZRUN�KDV�¿UVW�EHHQ�SXEOLVKHG�LQ�,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�
DQG�)RRG�6FLHQFHV��-$()6���DQG�WKH�OLQN�WR�WKHLU�ZRUN�LQ�WKH�MRXUQDO�
$XWKRUV�� XSRQ� WKH� SXEOLFDWLRQ� RI� WKHLU�ZRUN�� FDQ� SXEOLVK� LW� LQ� RQOLQH� HQYLURQPHQWV� DQG�RU� VRFLDO�
QHWZRUNV��SHUVRQDO�ZHESDJHV��FRXUVH�FRQWHQW�ZHEVLWHV��)DFHERRN��HWF����+RZHYHU��WKH\�DOVR�SURYLGH�
WKH�OLQN�WR�WKH�ZRUN�DV�SXEOLVKHG�LQ�WKH�MRXUQDO��
³,QWHUQDWLRQDO�-RXUQDO�RI�$JULFXOWXUH��(QYLURQPHQW�DQG�)RRG�6FLHQFHV´�MRXUQDO�LV�OLFHQVHG�XQGHU�D�

&UHDWLYH�&RPPRQV�$WWULEXWLRQ�����,QWHUQDWLRQDO�/LFHQVH�

2SHQ�$FFHVV�6WDWHPHQW

&RS\ULJKW�3ROLF\
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$XWKRUV 7LWOH 3DJHV

1DJHKDQ�6DOWDQ��'DPOD�.ÕUÕFÕ��
<DYX]�%�OHQW�.|VH��%HW�O�
'HPLUFL

&KHPLFDO�FRPSRVLWLRQV�DQG�DQWLPLFURELDO�DFWLYLW\�RI�3UXQHOOD�YXOJDULV�/� ����������

6DGL\H�$\úH�dHOLN��øUHP�$\UDQ��
$VXPDQ�.DQ

(OHPHQWDO�FKDUDFWHUL]DWLRQ�RI�EXFNZKHDW��)DJRS\UXP�HVFXOHQWXP�0RHQFK��
FXOWLYDWHG�LQ�7XUNH\

���������

6DGL\H�$\úH�dHOLN��øUHP�$\UDQ��
$VXPDQ�.DQ��<�NVHO�.DQ

(VVHQWLDO�RLO�\LHOG�DQG�FRPSRVLWLRQV�RI�VDJH��6DOYLD�2I¿FLQDOLV�/���
FXOWLYDWHG�LQ�GLIIHUHQW�SURYLQFH�RI�7XUNH\

���������

6DGL\H�$\úH�dHOLN��$VXPDQ�
.DQ��øUHP�$\UDQ��*�OD\�
dRNVDUÕ

,QYHVWLJDWLRQ�RI�URXWLQH�FRQWHQWV�RI�EXFNZKHDW��)DJRS\UXP�HVFXOHQWXP�
0RHQFK��FXOWLYDWHG�LQ�7XUNH\

���������

øUHP�$\UDQ��6DGL\H�$\úH�dHOLN��
$VXPDQ�.DQ��<�NVHO�.DQ

$�VWXG\�RQ�HVVHQWLDO�RLO�\LHOG�DQG�FRPSRQHQWV�RI�GU\HG�DQG�IUHVK�IROLDJH�RI�
SHSSHUPLQW��0HQWKD�SLSHULWD�/���FXOWLYDWHG�LQ�7XUNH\

���������

øUHP�$\UDQ��6DGL\H�$\úH�dHOLN��
$VXPDQ�.DQ��<�NVHO�.DQ

(VVHQWLDO�RLO�\LHOG�DQG�FRPSRVLWLRQV�RI�FKDPRPLOH��0DWULFDULD�
&KDPRPLOOD�/���FXOWLYDWHG�LQ�GLIIHUHQW�SURYLQFH�RI�7XUNH\

���������

<�NVHO�.DQ��$VXPDQ�.DQ��øUHP�
$\UDQ��6DGL\H�$\úH�dHOLN

(VVHQWLDO�RLO�\LHOG�DQG�FRPSRVLWLRQV�RI�HQGHPLF�PRXQWDLQ�WHD��6LGHULWLV�
OLEDQRWLFD�/DELOO��VVS��OLQHDULV��%HQWKDP��%RUP��DQG�6LGHULWLV�ELOJHUDQD�
3�+��'DYLV��FXOWLYDWHG�LQ�.RQ\D�HFRORJLFDO�FRQGLWLRQV�RI�7XUNH\

����������

&RQWHQWV
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0(60$3����
3DSHUV�6SHFLDO�,VVXH
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&KHPLFDO�FRPSRVLWLRQV�DQG�DQWLPLFURELDO�DFWLYLW\�RI�3UXQHOOD�YXOJDULV�/�
�� � � �1DJHKDQ�6DOWDQ �������'DPOD�.LUFL �������<DYX]�%XOHQW�.RVH �������%HWXO�'HP൴UF൴

�$QDGROX�8QLYHUVLW\��)DFXOW\�RI�3KDUPDF\�'HSDUWPHQW�RI�3KDUPDFHXWLFDO�%RWDQ\��(VNLVHKLU��7XUNH\
�$QDGROX�8QLYHUVLW\��)DFXOW\�RI�3KDUPDF\�'HSDUWPHQW�RI� �(VNLVHKLU��7XUNH\3KDUPDFRJQRV\�

&RUUHVSRQGLQJ�$XWKRU��QGDJGHYLUHQ#DQDGROX�HGX�WU

3UXQHOOD�൴V�D�JHQXV�RI�SHUHQQ൴DO�KHUEDFHRXV�SODQWV�൴Q�WKH�
/DP൴DFHDH� IDP൴O\�� 7KHUH� DUH� DSSUR[൴PDWHO\� ��� VSHF൴HV�
ZRUOGZ൴GH��G൴VWU൴EXWHG�Z൴GHO\�൴Q�WKH�WHPSHUDWH�UHJ൴RQV�DQG�
WURS൴FDO�PRXQWD൴QV�RI�(XURSH�DQG�$V൴D��%D൴�HW�DO����������,Q�
WKH�JHQXV�3UXQHOOD��3��YXOJDU৻V�/��DOVR�NQRZQ�DV�³VHOI�KHDO�´�
FRQWD൴QV� VHYHUDO� DFW൴YH� FRPSRQHQWV�� ൴QFOXG൴QJ� ROHDQRO൴F�
DF൴G��EHWXO൴Q൴F�DF൴G��XUVRO൴F�DF൴G��ÀDYRQR൴GV�DQG�URVPDU൴Q൴F�
DF൴G� �/DPD൴VRQ� HW� DO��� ������� 6RPH� SKDUPDFRORJ൴FDO�
DFW൴Y൴W൴HV�VXFK�DV�WKH�൴PPXQPRGXODWRU\�HIIHFW��+DQ�HW�DO���
�������DQW൴�Y൴UDO�DFW൴Y൴W\�DJD൴QVW�+69����+69����=KDQJ�HW�
DO��� ������� +,9� �<DR� HW� DO��� ������� DQW൴R[൴GDQW� DFW൴Y൴W\�
�3VRWRYD� HW� DO��� ������ 2VDNDEH� HW� DO��� ������ DQG� DQW൴�
K\SHUJO\FHP൴F�DFW൴RQ��=KDQJ�HW�DO���������ZHUH�FRQ¿UPHG��,W�
KDV� EHHQ� XVHG� DV� D� WUDG൴W൴RQDO� PHG൴F൴QH� ൴Q� WKH� FO൴Q൴FDO�
WUHDWPHQW�RI�KHUSHW൴F�NHUDW൴W൴V�DQG�IRU�൴WV�DQW൴R[൴GDW൴YH�DQG�
DQW൴P൴FURE൴DO�DFW൴Y൴W൴HV��,Q�VS൴WH�RI�൴WV�WUDG൴W൴RQDO�XVHV�DV�DQ�
DQW൴VHSW൴F� DJHQW� IRU� WUHDWPHQW� RI�ZRXQGV� DQG� VRUH� WKURDW��
WKHUH�DUH�D�IHZ�O൴WHUDWXUHV�RQ�൴WV�DQW൴P൴FURE൴DO�DFW൴Y൴W\�

9DU൴RXV�E൴RDFW൴YH�FRQVW൴WXHQWV��VXFK�DV�WHUSHQR൴GV��4൴�HW�
DO����������SRO\SKHQROV��)HQJ�HW�DO����������ÀDYRQR൴GV��/HH�HW�
DO����������DQG�SRO\VDFFKDU൴GHV��&K൴X�HW�DO���������KDYH�EHHQ�
൴GHQW൴¿HG� ൴Q� WKH� H[WUDFWV� RI�3�� YXOJDU৻V��9DU൴RXV�PHWKRGV��
VXFK�DV� VWHDP�G൴VW൴OODW൴RQ��6R[KOHW�H[WUDFW൴RQ��DQG�VROYHQW�
H[WUDFW൴RQ��*XDQ�HW�DO���������:DQJ�HW�DO���������FDQ�EH�XVHG�
IRU� WKH� GHWHUP൴QDW൴RQ� RI� YRODW൴OH� FRPSRQHQWV�� :൴WK� WKH�
DGYDQWDJHV� RI� EHWWHU� VHOHFW൴Y൴W\� DQG� K൴JKHU� HI¿F൴HQF\��
KHDGVSDFH� VRO൴G�SKDVH� P൴FURH[WUDFW൴RQ� �+6�630(�� KDV�

EHHQ� ൴QWURGXFHG�DV�D�PRGHUQ�DOWHUQDW൴YH� WR� WKH� WUDG൴W൴RQDO�
VDPSOH�SUHSDUDW൴RQ�WHFKQRORJ\��$GDP�HW�DO���������

7KH� D൴P� RI� WK൴V� UHVHDUFK� ZDV� WR� GHWHUP൴QHG� YRODWLOH�
FRPSRVLWLRQ�RI� WKH�PHWKDQROLF� H[WUDFW� �0(�� DQG� LQIXVLRQ�
�,1)�� RI � 3�� YXOJDULV � E\� KHDGVSDFH� VRO ൴G�SKDVH�
P൴FURH[WUDFW൴RQ� �+6�630(�� FRPE൴QHG� Z൴WK� JDV�
FKURPDWRJUDSK\�PDVV� VSHFWURPHWU\� �*&�06�� DQG�
H[DPLQHG�DQWLPLFURELDO�DFWLYLWLV�

0DWHULDOV�DQG�0HWKRGV�

7KH�DHULDO�SDUWV�RI�3��YXOJDULV�ZDV�FROOHFWHG�LQ�-XO\������
IURP�%HúLNGHUHVL��(VNLúHKLU��7XUNH\���7KH�0(�DQG����,1)�
RI�3��YXOJDULV�ZHUH�SUHSDUHG��7KHLU�YRODWLOH�FRPSRXQGV�ZHUH�
WUDSSHG�ZLWK�+HDGVSDFH�6ROLG�3KDVH�0LFUR�([WUDFWLRQ��+6�
630(�� DQG� DQDO\]HG� E\� *DV� &KURPDWRJUDSK\�0DVV�
6SHFWURPHWU\� �*&�06���0(� DQG� ,1)�ZHUH� H[DPLQHG� IRU�
DQWLPLFURELDO� DFWLYLW\� E\� WKH� PLFURGLOXWLRQ� EURWK�
VXVFHSWLELOLW\� DVVD\� DJDLQVW�6WDSK\ORFRFFXV� DXUHXV�$7&&�
������3VHXGRPRQDV�DHUXJLQRVD�$7&&��������(VFKHULFKLD�
FROL�155/�%�������6WUHSWRFRFFXV�S\RJHQHV�$7&&�������
DQG�&DQGLGD�DOELFDQV�$7&&�������

�+HDGVSDFH�630(�
7KH� PDQXDO� 630(� GHYLFH� �6XSHOFR�� %HOODIRQWH�� 3$��

86$�� ZLWK� D� ¿EHU�SUHFRDWHG� ��� ȝP� WKLFN� OD\HU� RI�
SRO\GLPHWK\OVLOR[DQH�GLYLQ\OEHQ]HQH� �3'06�'9%�EOXH��
ZDV�XVHG�IRU�H[WUDFWLRQ�RI�WKH�PHWKDQROLF�H[WUDFW�DQG

�

���
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�&LWH�WKLV�DUWLFOH�DV���6DOWDQ��1���.LUFL��'���.RVH��<�%���'HPLUFL��%�� ���������&KHPLFDO�FRPSRVLWLRQV�DQG�DQWLPLFURELDO�DFWLYLW\�RI�3UXQHOOD�
YXOJDULV�/��,QW��-��$JULF��(QYLURQ��)RRG�6FL������6SHFLDO��,VVHXH��������������'2,�����������MDHIV������

$YD൴ODEOH�RQO൴QH�DW��� ����� ��ZZZ�MDHIV�FRP KWWS���GHUJ൴SDUN�JRY�WU�MDHIV
��&RS\U൴JKW����������,QWHUQDW൴RQDO�-RXUQDO�RI�$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV
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KH[DQDO����������LRQRO�����������=����KH[HQDO��������DQG�����RFWDGLHQ���RQH��7KH�0(�RI�3��YXOJDULV�ZHUH�FKDUDFWHUL]HG�
ZLWK�Į�IHQFKRQH����������KH[DQDO�������������RFWDGLHQ���RQH���������PHWK\O�EHQ]RDWH��������DQG�VHOLQD������GLHQH�
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LQIXVLRQ�RI�3��YXOJDULV�YRODWLOHV��7KH�YLDO�FRQWDLQLQJ�WKH�SODQW�
H[WUDFW� ZDV� VHDOHG� ZLWK� SDUD¿OP�� 7KH� ¿EHU� ZDV� SXVKHG�
WKURXJK�WKH�¿OP�OD\HU�IRU�H[SRVXUH�WR�WKH�KHDGVSDFH�RI�WKH�
H[WUDFW� IRU� ���PLQ� DW� ��� �&��7KH� ¿EHU�ZDV� WKHQ� LQVHUWHG�
LPPHGLDWHO\� LQWR� WKH� LQMHFWLRQ� SRUW� RI� WKH� *&�06� IRU�
GHVRUSWLRQ�RI�WKH�DGVRUEHG�YRODWLOH�FRPSRXQGV�IRU�DQDO\VLV��

$QDO\VLV�RI�YRODWLOH�FRPSRXQGV
7KH�0(� DQG� ,1)� YRODWLOHV�ZHUH� DQDO\]HG� E\�*&�06�

XVLQJ� DQ� $JLOHQW� ����� *&�06'� V\VWHP�� ,QQRZD[� )6&�
FROXPQ�����P�[������PP�������P�¿OP�WKLFNQHVV��ZDV�XVHG�
ZLWK� KHOLXP� DV� FDUULHU� JDV� ����� PO�PLQ��� *&� RYHQ�
WHPSHUDWXUH�ZDV�NHSW�DW����&�IRU����PLQ�DQG�SURJUDPPHG�WR�
����&�DW�D�UDWH�RI���&�PLQ��DQG�NHSW�FRQVWDQW�DW�����&�IRU����
PLQ�DQG�WKHQ�SURJUDPPHG�WR������&�DW�D�UDWH�RI����&�PLQ��
7KH�LQMHFWRU�WHPSHUDWXUH�ZDV�VHW�WR�����&��0DVV�VSHFWUD�ZHUH�
UHFRUGHG�DW����H9��0DVV�UDQJH�ZDV�P�]����WR�����

,GHQWL¿FDWLRQ�RI�&RPSRQHQWV
,GHQWL¿FDWLRQ� RI� WKH� YRODWLOH� FRPSRQHQWV�ZHUH� FDUULHG�

RXW�E\�FRPSDULVRQ�RI�WKHLU�UHODWLYH�UHWHQWLRQ�WLPHV�ZLWK�WKRVH�
RI� DXWKHQWLF� VDPSOHV� RU� E\� FRPSDULVRQ� RI� WKHLU� UHODWLYH�
UHWHQWLRQ� LQGH[� �55,�� WR� VHULHV� RI� Q�DONDQHV�� &RPSXWHU�
PDWFKLQJ� DJDLQVW� FRPPHUFLDO� �:LOH\� *&�06� /LEUDU\��
0DVV)LQGHU�6RIWZDUH�������0F/DIIHUW\�DQG�6WDXIIHU�������
+RFKPXWK��������DQG�LQ�KRXVH�³%DúHU�/LEUDU\�RI�(VVHQWLDO�
2LO� &RQVWLWXHQWV´� EXLOW� XS� E\� JHQXLQH� FRPSRXQGV� DQG�
FRPSRQHQWV�RI�NQRZQ�RLOV��5HODWLYH�SHUFHQWDJH�DPRXQWV�RI�
WKH� VHSDUDWHG� FRPSRXQGV� ZHUH� FDOFXODWHG� IURP� 7,&�
FKURPDWRJUDPV�� 7KH� YRODWLOH� FRPSRXQGV� LGHQWL¿HG� DUH�
OLVWHG�LQ�7DEOH���

$QWLPLFURELDO�$FWLYLW\
0(�DQG�,1)�ZHUH�H[DPLQHG�IRU�DQWLPLFURELDO�DFWLYLW\�E\�

WKH� PLFURGLOXWLRQ� EURWK� VXVFHSWLELOLW\� DVVD\� DJDLQVW�
6WDSK\ORFFRFFXV� DXUHXV� $7&&� ������ 3VHXGRPRQDV�
DHUXJLQRVD�$7&&��������(VFKHULFKLD�FROL�155/�%�������
6WUHSWRFRFFXV�S\RJHQHV�$7&&�������DQG�&DQGLGD�DOELFDQV�
$7&&�������

5HVXOWV�DQG�'LVFXVVLRQ�

7KH�FXUUHQW�VWXG\�DLPHG� WKH�GHWHUPLQDWLRQ�RI� WKH�+6�
630(�YRODWLOH�SUR¿OH�RI�WKH�PHWKDQROLF�H[WUDFW��0(��DQG�
LQIXVLRQ� �,1)�� RI� 3�� YXOJDULV�� ,Q� DGGLWLRQ�� DQWLPLFURELDO�
DFWLYLWLHV�ZHUH�DOVR�H[DPLQHG��+6�630(�ZDV�XVHG�WR�FROOHFW�
WKH� YRODW൴OH� FRPSRQHQWV� RI�3�� YXOJDU৻V��$HULDO� SDUWV� RI�3��
YXOJDULV�,1)�RI�WKH�PDMRU�FRPSRXQGV�ZHUH�IRXQG�KH[DQDO�
��������� LRQRO� ��������� �=����KH[HQDO� ������� DQG� ����
RFWDGLHQ���RQH� �������� 7KH� 0(� RI� 3�� YXOJDULV� ZHUH�
FKDUDFWHUL]HG� ZLWK� Į�IHQFKRQH� ��������� KH[DQDO� ��������
����RFWDGLHQ���RQH� �������� PHWK\O� EHQ]RDWH� ������� DQG�
VHOLQD������GLHQH� ������� �7DEOH� ���� � ,W�ZDV� HYDOXDWHG� WKH�
DQW൴P൴FURE൴DO�DFW൴Y൴W\�RI�3��YXOJDU৻V�H[WUDFWV��0(��,1)��൴Q�৻Q�
Y৻WUR�FRQG൴W൴RQV�DJD൴QVW�G൴IIHUHQW�N൴QGV�RI�P൴FURRUJDQ൴VPV��
7KH� ,1)� VKRZHG� ZHDN� DQWLPLFURELDO� DFWLYLW\� 0LQLPXP�
,QKLELWRU� &RQFHQWUDWLRQ� �0,&�� DJDLQVW� DOO� WHVWHG�
PLFURRUJDQLVPV�ZKHUHDV�0(� VKRZHG�ZHDN� DQWLPLFURELDO�
HIIHFWV�(��FROL��6��DXUHXV�DQG�3VHXGRPRQDV�DHUXJLQRVD��6��
S\RJHQHV�����PJ���P/��DQG�&��DOELFDQV�����PJ���P/���

3K\WRFKHP൴FDO�VWXG൴HV�൴QG൴FDWH�WKDW�3��YXOJDU৻V�FRQWD൴QV�
ROHDQRO൴F��EHWXO൴Q൴F��XUVRO൴F���Į��Į��G൴K\GUR[\XUV����HQ����
R൴F� DQG� �Į��Į�XUVRO൴F� DF൴GV�� WU൴WHUSHQR൴GV�� ÀDYRQR൴GV��
WDQQ൴QV�DQG�DQ൴RQ൴F�SRO\VDFFKDU൴GH�SUXQHOO൴QH��5X\�HW�DO���
�������0RUH�UHFHQWO\��WKH�RUJDQ൴F�IUDFW൴RQ�RI�3��YXOJDU৻V�ZDV�
IRXQG� WR�H[K൴E൴W� DQW൴R[൴GDW൴YH�DQG�DQW൴P൴FURE൴DO� DFW൴Y൴W൴HV�
�3VRWRYD�HW�DO����������3��YXOJDU৻V�൴V�U൴FK�൴Q�SKHQRO൴F�DF൴GV�DQG�

൴WV� PD൴Q� FRPSRQHQW� ൴V� URVPDU൴Q൴F� DF൴G� �/DPD൴VRQ� HW� DO���
������3VRWRYD�HW�DO���������+DQ�HW�DO����������

5 R V P D U ൴ Q ൴ F � D F ൴ G � R U � Į � 2 � F D I I H R \ O � � � � �
G൴K\GUR[\SKHQ\OODFW൴F� DF൴G� ൴V� WKH� PXO൴IXQFW൴RQDO� FDIIH൴F�
DF൴G�HVWHU�Z൴WK�DQW൴P൴FURE൴DO�DFW൴Y൴W\�DJD൴QVW�%DF৻OOXV�FHUHXV��
%��VXEW৻O৻V�DQG�%��SRO\P\[D��*UDP�QHJDW൴YH�EDFWHU൴D�ZHUH�
SUHY൴RXVO\�UHSRUWHG�WR�EH�K൴JKO\�VXVFHSW൴EOH�WR�URVPDU൴Q൴F�
DF൴G� �$VNXQ� HW� DO��� ������� 7KH� YRODW൴OH� FRPSRXQGV� RI�3��
YXOJDU৻V� IURP� G൴IIHUHQW� SDUWV� RI� WKH� KHUE� �FXOW൴YDWHG� ൴Q�
-൴DQJVX�� DQG� IURP� G൴IIHUHQW� JHRJUDSK൴FDO� UHJ൴RQV� ZHUH�
FRPSDUDW൴YHO\�DQDO\]HG�E\�+6�630(�FRPE൴QHG�Z൴WK�*&�
06��$QG� WKH� IROORZ൴QJ� ��� ZHUH� IRXQG� ൴Q� DOO� RU൴J൴QV�� ��
QRQDQRO�� GRGHFDQH�� WU൴GHFDQH�� D�ERXUERQHQH�� WHWUDGHFDQH��
JHUDQ\O� DFHWRQH�� SHQWDGHFDQH�� FDU\RSK\OOHQH� R[൴GH��
KH[DGHFDQH�� WHWUDGHFDQDO�� ൴VREXW\O� SKWKDODWH�� DQG� Q�EXW\O�
KH[DGHFDQRDWH��<DQJ�HW�DO���������

,Q�DQRWKHU�VWXG\�SHUIRUPHG�E\�*ROHPE൴RYVND�HW�DO�� LQ�
����� ����� RQ� 3�� YXOJDULV� IURP� ���� FRPSRQHQWV� ZHUH�
൴GHQW൴¿HG�൴Q�ÀRZHUV��OHDYHV��VWHPV�DQG�URRWV�DQG�WKH�PD൴Q�
FRQVW൴WXHQWV� ZHUH� REVHUYHG� VTXDOHQH�� P\U൴VW൴F� DF൴G��
VSDWKXOHQRO�� Y൴U൴G൴ÀRURO�� JHUPDFURQH�� � ,Q� UHFHQW� \HDUV��
VWXG൴HV�KDYH�IRXQG�WKDW�3��YXOJDU৻V�DOVR�H[K൴E൴WV�FHUWD൴Q�DQW൴�
SDWKRJHQ�HIIHFWV�RQ�SODQW�SDWKRJHQV��$QW൴EDFWHU൴DO�DFW൴Y൴W\�RI�
WKH�PHWKDQRO൴F�H[WUDFW�RI�3��YXOJDU৻V�H[WUDFWV�ZDV�UHSRUWHG�
DJD൴QVW�(��FRO৻��6�DXUHXV��6��W\SK৻PXU৻XP�DQG�.��SQHXPRQDH�
�5DVRRO�HW�DO���������� �6WXG൴HV�E\�<RRQ�HW�DO��IRXQG�WKDW�WKH�
PHWKDQRO�H[WUDFW�RI�3��YXOJDU৻V�KDG�D�VWURQJ�DQW൴�IXQJDO�DQG�
DQW൴RRP\FHWH�DFW൴Y൴W\�RQ�3K\WRSKWKRUD�৻QIHVWDQV��U൴FH�EODVW�
IXQJXV��UHG�SHSSHU�DQWKUDFQRVH�DQG�ZKHDW�OHDI�UXVW�IXQJXV�
�<RRQ�HW� DO��� �������$Q� ,UDQLDQ� VWXG\�E\�0DKERXE൴� HW� DO��
������� VKRZHG� WKDW� WKH� PHWKDQRO� H[WUDFW� RI� 3�� YXOJDULV�
H[KLELWHG� WKH� EHVW� DFWLYLW\� DJDLQVW� 6W�� PXWDQV� �0,&� ����
PJ��PO���6��DXUHXV��6��HSLGHUPLGLV��6��VREULQXV��6��VDQJXLV��
6��VDOLYDULXV��6��G\VHQWHULDH��6��ÀH[HQHUL��3��DHUXJLQRVD��0,&�
����� ���� PJ�PO��� 6�� VDSURSK\W৻FXV�� 6�� SQHXPRQ৻DH�� 6��
S\RJHQHV�� (�� IDHFDO৻V�� (�� IDHF৻XP�� 6�� DJDODFW৻DH�� .��
SQHXPRQ৻DH�� (�� DHURJHQHV�� $�� ÀDYXV�� $�� Q৻JHU� DQG� 6��
PDUFHVFHQHV�Z൴WK�0,&�DQG�0/&����� DQG������PJ�J�KDG�
ORZHU�VHQV൴W൴Y൴W\�WR�PHWKDQRO�H[WUDFW��0HWKDQRO�H[WUDFW�KDG�
FLGDO� DFWLYLW\� DJDLQVW� (�� FROL�� %�� VXEWLOLV�� %�� FHUHXV�� &��
DOELFDQV��DQG�&��JODEUDWD�

6HYHUDO�UHVHDUFKHUV�KDYH�HYDOXDWHG�WKH�FRPSRVLWLRQ�RI�
WKH� HVVHQWLDO� RLO� RI� 3�� YXOJDULV� JURZLQJ� LQ� GLIIHUHQW�
JHRJUDSKLF� DUHDV�� 7KHVH� VWXGLHV� UHYHDOHG� VRPH� FKHPLFDO�
GLIIHUHQFHV�LQ�WKH�RLO�FRPSRVLWLRQV��SUREDEO\�UHODWHG�WR�WKH�
GLIIHUHQW� VXEVSHFLHV� DQG�RU� WKH�JHRJUDSKLFDO�RULJLQ�RI� WKH�
SODQWV�� ,Q� FRQFOXVLRQ�� XVLQJ� +3�630(�*&�06�� LW� ZDV�
SRVVLEOH� WR� TXDQWLI\� GLIIHUHQW� YRODWLOH� FRPSRXQGV� OLNH� DV�
KH[DQDO�� Į�SKHQFKRQH� LQ� 3�� YXOJDULV� ZKLFK� EHORQJ� WR�
GLIIHUHQW�FKHPLFDO�FODVVHV��5HVXOWV�VKRZV�WKDW�WKH�H[WUDFWV�RI�
3��YXOJDULV�WHVWHG�H[KLELWHG�VLJQL¿FDQW�DQWLPLFURELDO�DFWLYLW\��
2XU�UHVXOWV�LQGLFDWHG�WKDW�WKH�PHWKDQRO�H[WUDFWV�RI�3��YXOJDULV�
VKRZHG�KLJKHU�DQWLPLFURELDO�DFWLYLW\�WKDQ�,1)�RI�3��YXOJDULV�
DJDLQVW�WHVWHG�PLFURRUJDQLVPV��,Q�DGGLWLRQ��WKH�H[WUDFW�RI�3��
YXOJDULV� ZHUH� REVHUYHG� PRUH� HI¿FLHQF\� DJDLQVW� VNLQ�
SDWRJHQHV��

&RQFOXVLRQ�
%\�XVLQJ�KHDGVSDFH� WHFKQRORJ\�FRXSOHG�ZLWK�*&�06��

YRODWLOH�SUR¿OH�RI�WKH�PHWKDQROLF�H[WUDFW��0(��DQG�LQIXVLRQ�
�,1)��RI�3��YXOJDULV�ZHUH�GHWHUPLQHG��7KH�*&�06�DQDO\VLV�
UHVXOWV�RI�WKH�VDPSOHV�OHG�WR�LGHQWL¿FDWLRQ�RI����FRPSRXQGV��
2XU� UHVXOWV� VKRZHG� WKDW� WKH� QXPEHU� RI� FRPSRQHQWV�ZHUH�
GLIIHUHQW�LQ�WKH�RWKHU�VWXG൴HV���
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7KH�REVHUYHG�GLIIHUHQFHV�DQG�YDULDELOLW\�RI�WKH�HVVHQWLDO�RLO�
RI�3��YXOJDULV�RI�DUH�OLNHO\�GXH�WR�GLIIHUHQW�HQYLURQPHQWDO�DQG�
JHQHWLF� IDFWRUV�� ,Q� DGG൴W൴RQ�� ൴W� ZDV� HYDOXDWHG� WKH�
DQW൴P൴FURE൴DO�DFW൴Y൴W\�RI�3��YXOJDU৻V�H[WUDFWV��0(��,1)��൴Q�൴Q�

Y൴WUR�FRQG൴W൴RQV�DJD൴QVW�G൴IIHUHQW�N൴QGV�RI�P൴FURRUJDQ൴VPV��
$PRQJ� WKH� WHVWHG� PLFURRUJDQLVLPV�� 6�� S\RJHQHV� DQG� &��
DOELFDQV�ZHUH�IRXQG�WR�EH�PRUH�VHQVLWLYH�WR�WKH�0(��

7DEOH����7KH�9RODWLOH�&RPSRVLWLRQ�RI�WKH�PHWKDQROLF�H[WUDFW��0(��DQG�LQIXVLRQ��,1)��RI�3��YXOJDULV�
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(OHPHQWDO�FKDUDFWHU൴]DW൴RQ�RI� )DJRS\UXP�HVFXOHQWXP�0RHQFK��FXOW൴YDWHG�൴Q�7XUNH\�EXFNZKHDW��
�� � �6DG൴\H�$\VH�&(/,. ���������,UHP�$<5$1 ���������$VXPDQ�.$1

�'HSDUWPHQW�RI�0HG൴F൴QDO�3ODQWV��)DFXOW\�RI�$JU൴FXOWXUH��6HOoXN�8Q൴YHUV൴W\��.RQ\D��7XUNH\
�'HSDUWPHQW�RI�)RRG�3URFHVV൴QJ��9RFDW൴RQDO�6FKRRO�RI�7HFKQ൴FDO�6F൴HQFH��6HOoXN�8Q൴YHUV൴W\��.RQ\D��7XUNH\

&RUUHVSRQGLQJ�$XWKRU��VDFHOLN#VHOFXN�HGX�WU�

%XFNZKHDW��)DJRS\UXP�HVFXOHQWXP�0RHQFK���D�NLQG�RI��
SODQW� EHORQJLQJ� WR� WKH� IDPLO\� 3RO\JRQDFHDH�� LV� PRVW�
FRPPRQO\� FXOWLYDWHG� DQG� SURGXFHG� LQ� &KLQD�� 5XVVLD��
8NUDLQH� DQG�.D]DNKVWDQ�� EXW� LQ� UHFHQW� \HDUV�� LW� KDV� EHHQ�
FXOWLYDWHG�DOO�RYHU�WKH�ZRUOG�DQG�LQ�SDUWLFXODU�LQ�$VLD��(XURSH�
DQG�$PHULFD��.DUD���������0HDQZKLOH��%XFNZKHDW�KDV�EHHQ�
SURGXFHG�LQ�7XUNH\�UHFHQW�\HDUV���%XFNZKHDW�LV�RQH�RI�WKH�
PRVW�LPSRUWDQW�SVHXGR�FHUHDO�DQG�D�YDOXDEOH�UDZ�PDWHULDO�IRU�
IXQFWLRQDO� IRRGV� DQG� GUXJ� SURGXFWLRQ� VLQFH� LW� LV� ULFK� LQ�
HVVHQWLDO�DPLQR�DFLGV��IDWW\�DFLGV��URXWLQH�DQG�YLWDPLQV��DQG�
LW�LV�DOVR�D�JRRG�VRXUFH�RI�PLQHUDOV��$GGLWLRQDOO\��UHVHDUFKHV�
FRQGXFWHG� SURYHG� WKDW� EXFNZKHDW� FRXOG� DOVR� EHKDYH� DV�
DQWLR[LGDQW�

1HZ�HQWUDQFH�WR�WKH�¿HOG�RI�DJULFXOWXUH�LQ�RXU�FRXQWU\�LQ�
UHFHQW� \HDUV�� WKH� SODQW� LV� RQH� RI� WKH� EXFNZKHDW� SODQW�� ,Q�
UHFHQW�\HDUV��WKH�UHVHDUFKHV�RQ�EXFNZKHDW�LQ�7XUNH\�KDYH�
EHHQ� FDUULHG� RXW� LQ� ERWK� SURGXFWLRQ� DQG� 5HVHDUFK� 	�
'HYHORSPHQW� DFWLYLWLHV� E\� GLIIHUHQW� LQVWLWXWLRQV� DQG�
XQLYHUVLWLHV���%XFNZKHDW�LV�D�YDOXDEOH�VRXUFH�RI�PLQHUDOV�IRU�
WKH�SHRSOH�ZKR�FRQVXPH�LW %XFNZKHDW�FRQWDLQV�D�UHODWLYHO\���
KLJK� OHYHO�RI� VRPH�PLQHUDOV� �,NHGD�DQG�<DPDVKLWD��������
,NHGD� HW� DO��� ������� %XFNZKHDW� JUDLQV� DUH� DQ� LPSRUWDQW�
VRXUFH�RI�PLFUR�HOHPHQWV��VXFK�DV��=Q��&X��0Q��6H�DQG�PDFUR�
HOHPHQWV��.��1D��&D��0J �:HL�HW�DO��������%XFNZKHDW�VHHG��
FRQWDLQV� VRPH�NLQGV�RI�PLQHUDOV� DW� UHODWLYHO\�KLJK� OHYHOV��
%XFNZKHDW� PLQHUDOV� KDYH� EHQH¿FLDO� HIIHFWV� RQ� KHDOWK��
PDJQHVLXP� PD\� FRQWULEXWH� WR� PDLQWHQDQFH� RI� QRUPDO�
PXVFOH�DQG�QHUYH�IXQFWLRQ��KHDOWK\�LPPXQH�IXQFWLRQ��DQG�
ERQH�KHDOWK��SRWDVVLXP�PD\�UHGXFH�WKH�ULVN�RI�KLJK�EORRG�

SUHVVXUH�DQG�VWURNH��LQ�FRPELQDWLRQ�ZLWK�D�ORZ�VRGLXP�GLHW��
]LQF�LV�WKH�FRPSRQHQW�RI�PDQ\�HQ]\PHV�DQG�LWV�GH¿FLHQFLHV�
OHDG� WR� UHWDUGHG�GHYHORSPHQW�RI� FKLOGUHQ�� VNLQ� DIIHFWLRQV��
DFQH� DQG� ZHDNHQLQJ� RI� WDVWH�� SKRVSKRUXV� LV� DQ� HVVHQWLDO�
FRPSRQHQW�RI�ERQHV�DQG�WHHWK��$QRQ\PXV����������

,Q� WK൴V� UHVHDUFK�� � LW� ZDV� IRXQG� WKDW� WKH� VHHGV� RI� WKH�
EXFNZKHDW��)DJRS\UXP�HVFXOHQWXP�0RHQFK��FXOWLYDWHG�LQ�
GLIIHUHQW� SODQWLQJ� GDWHV� DQG� IHUWLOL]HU� GRVHV� VKRZHG�
VLJQL¿FDQW�GLIIHUHQFHV�LQ�PLQHUDO�FRQWHQW�

0DWHULDO�DQG�0HWKRG
0DWHULDO��7KH� VHHGV� XVHG� LQ� WKH� VWXG\�ZHUH� REWDLQHG�

IURP�6HOFXN�8QLYHUVLW\��)DFXOW\�RI�$JULFXOWXUH��0HGLFLQDO�
3ODQWV�5HVHDUFK�DQG�$SSOLFDWLRQ�)DUP���.RQ\D��7XUNH\��

7KH�¿HOG�H[SHULPHQWV�ZHUH�FDUULHG�RXW�LQ�.RQ\D�6HOMXN�
8QLYHUVLW\�� )DFXOW\� RI� $JULFXOWXUH�� 0HGLFLQDO� 3ODQWV�
5HVHDUFK� DQG�$SSOLFDWLRQ� )DUP�� )LHOG� H[SHULPHQWV� ZHUH�
FRQGXFWHG�LQ�������'HSHQGLQJ�RQ�WKH�FOLPDWLF�FRQGLWLRQV��
EXFNZKHDW�VHHGV�ZHUH�SODQWHG�GLUHFWO\�LQ�WKH�¿HOG��ZLWK�WKH�
¿UVW�VRZLQJ�GDWH�LQ�0DUFK�������WKH�VHFRQG�VRZLQJ�GDWH�LQ�
$SULO� ������ WKH� WKLUG� VRZLQJ� GDWH� LQ�0D\� ������ WKH� �WK�
VRZLQJ�GDWH�LQ�-XQH������DQG�WKH��WK�VRZLQJ�GDWH�LQ�-XQH�
������7KH�IHUWLOL]HU�XVHG�LQ� WKH�H[SHULPHQWV�GLDPPRQLXP�
SKRVSKDWH� �'$3�������� ZDV� DSSOLHG� ZLWK� WKUHH� GLIIHUHQW�
GRVHV��������DQG����NJ���GD���

7KH�DQDO\VHV� RI�P൴QHUDO� FRPSRV൴W൴RQV� ൴Q�%XFZKHDW�
6HHGV�� �0LQHUDO�FRQWHQWV�ZHUH�GHWHUPLQHG�LQ�WKH�VHHGV�RI�
EXFNZKHDW�DSSOLHG�DW�GLIIHUHQW�VRZLQJ�WLPHV�DQG�IHUWLOL]HU�
GRVHV���7KH�DQDO\VHV�RI�P൴QHUDO�FRPSRV൴W൴RQV�൴Q�EXFNZKHDW

�

���

$EVWUDFW

.H\ZRUGV��%XFNZKHDW��)DJRS\UXP�HVFXOHQWXP�0RHQFK��SODQW൴QJ�W൴PH��P൴QHUDO�HOHPHQW��VHHG

,QWURGXFWLRQ���

�&LWH�WKLV�DUWLFOH�DV���&HOLN��6�$���$\UDQ��,���.DQ��$����������(OHPHQWDO�FKDUDFWHUL]DWLRQ�RI�EXFNZKHDW��)DJRS\UXP�HVFXOHQWXP�0RHQFK��
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��&RS\U൴JKW������������,QWHUQDW൴RQDO�-RXUQDO�RI�$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

7K൴V�VWXG\��P൴QHUDO�DQG�KHDY\�PHWDO�FRQWHQWV�RI�EXFNZKHDW��)DJRS\UXP�HVFXOHQWXP�0RHQFK���QHZO\�൴PSRUWHG�IRUH൴JQ�
RU൴J൴Q�൴Q�RXU�FRXQWU\�ZHUH�൴QYHVW൴JDWHG��%XFNZKHDW�VHHGV�FXOWLYDWHG�DW�.RQ\D�HFRORJLFDO�FRQGLWLRQV�DW�¿YH�GLIIHUHQW�
VRZLQJ�GDWHV�DQG�DW�GLIIHUHQW�GRVHV�RI�IHUWLOL]HU��������DQG����NJ���GD�'$3��������ZHUH�REWD൴QHG�PDFUR�HOHPHQWV��1D��.��
&D��0J�DQG�3���P൴FUR�HOHPHQWV��)H��=Q��&X�DQG�0Q��DQG�KHDY\�PHWDO��$O���ZHUH�GHWHUP൴QHG�E\�,&3�2(6��7KH�DQDO\VHV�RI�
P൴QHUDO�FRPSRV൴W൴RQV�൴Q�EXFNZKHDW�VHHGV�ZHUH�GHWHUP൴QHG�XV൴QJ�10./�����PHWKRG���,W�ZDV�GHWHUP൴QHG�WKDW�WKH�DPRXQW�
RI�SKRVSKRUXV��3��IURP�PDFUR�QXWU൴HQWV�൴Q�EXFNZKHDW�VHHGV�UDQJHG�IURP�����������SSP�DFFRUG൴QJ�WR�G൴IIHUHQW�VRZ൴QJ�
GDWHV��DQG�WKH�DPRXQW�RI�൴URQ��)H��IURP�P൴FUR�QXWU൴HQWV��YDU൴HG�EHWZHHQ�������������SSP��7KH�DPRXQW�RI�DOXP൴QXP��$O��
൴Q�KHDY\�PHWDOV�YDU൴HG�EHWZHHQ��������������SSP�� ,Q� WK൴V� UHVHDUFK�� LW�ZDV� IRXQG� WKDW� WKH�VHHGV�RI� WKH�EXFNZKHDW�
�)DJRS\UXP�HVFXOHQWXP�0RHQFK��JURZQ�DW�GLIIHUHQW�SODQWLQJ�GDWHV�DQG�IHUWLOL]HU�GRVHV�VKRZ�VLJQL¿FDQW�GLIIHUHQFHV�LQ�
PLQHUDO�FRQWHQW�

5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG�������������
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VHHGV� �3�� .�� &D�� 0J�� 0Q�� =Q�� $O�� &X�� )H�� 1D�� ZHUH�
GHWHUP൴QHG� XV൴QJ� 10./� ���� PHWKRG�� $� 3HUN൴Q�(OPHU�
2SW൴PD������൴QGXFW൴YHO\�FRXSOHG�SODVPD±RSW൴FDO�HP൴VV൴RQ�
VSHFWURSKRWRPHWHU� �,&3±2(6�� ZDV� XVHG� WR� DQDO\]H� WKH�
HOHPHQWV�൴Q�EXFNZKHDW�VHHGV�

5HVXOWV�DQG�'LVFXVVLRQ
7KH�DYHUDJH�UHVXOWV�RI�WKH�PLQHUDO�FRQWHQWV�GHWHUPLQHG�LQ�

GLIIHUHQW�IHUWLOL]HU�GRVHV�DQG�EXFNZKHDW�VHHGV�FXOWLYDWHG�DW�
SODQWLQJ�GDWHV�DUH�JLYHQ�LQ�7DEOH����0DFUR�HOHPHQWV��1D��.��
&D��0J��3���PLFUR�HOHPHQWV��)H��=Q��0Q��%��DQG�$O�ZHUH�
LQYHVWLJDWHG�

7KH�KLJKHVW�DPRXQW�RI�SKRVSKRUXV��3��RQH�RI��WKH�PDMRU�
PDFUR�HOHPHQWV�������SSP�� �ZDV�REWDLQHG� �IURP�WKH� �¿UVW�
VRZLQJ�GDWH�DQG�WKH�EXFNZKHDW�VHHGV�SURGXFHG�LQ�WKH�FRQWURO�
SORWV�� � WKH� ORZHVW� SKRVSKRUXV� FRQWHQW� ������ SSP�� ZDV�
REWDLQHG�IURP�WKH�¿IWK�VRZLQJ�GDWH�DQG����NJ���GD�IHUWLOL]HU�
GRVH� DSSOLFDWLRQ�� $V� FDQ� EH� VHHQ�� SKRVSKRUXV� FRQWHQW�
GHFUHDVHG�DV�WKH�VRZLQJ�GDWH�ZDV�GHOD\HG��7KH�DPRXQW�RI�
FDOFLXP��&D��LQ�WKH�EXFNZKHDW�VHHGV�ZDV�WKH�KLJKHVW��������

WSSP��LQ�WKH�FRQWURO�SORWV�DW�WKH�¿UVW �VRZLQJ�GDWH��2Q�WKH�RWKHU�
KDQG�� WKH� ORZHVW� DPRXQW� RI� FDOFLXP� ������ SSP�� ZDV�
REWDLQHG�IURP�WKH�WKLUG�VRZLQJ�GDWH�DW����NJ���GD�IHUWLOL]HU�
GRVH�DSSOLFDWLRQ��5HGXFHV�ZHUH�REVHUYHG�ZKHQ�WKH�VRZLQJ�
GDWH�GHOD\HG� LQ�FDOFLXP�FRQWHQW� VXFK� OLNH� WKH�SKRVSKRUXV�
FRQWHQW��7KH�KLJKHVW�DPRXQW�RI�SRWDVVLXP��.��������SSP��RI�
EXFNZKHDW�VHHGV�ZDV�REWDLQHG�IURP�WKH�¿UVW�VRZLQJ�GDWH�DQG�
SURGXFHG� IURP� ��� NJ� �� GD� IHUWLOL]HU� GRVH� DSSOLFDWLRQ�� WKH�
ORZHVW�DPRXQW�RI�SRWDVVLXP�������SSP��ZDV�GHWHUPLQHG�LQ�
EXFNZKHDW�VHHGV�SURGXFHG�DW�WKH�¿IWK��VRZLQJ�GDWH�DQG����NJ�
�� GD� IHUWLOL]HU� GRVH� DSSOLFDWLRQ�� 7KH� KLJKHVW� DPRXQW� RI�
PDJQHVLXP��0J��ZDV� IRXQG�DW������SSP�DQG� WKH�VHFRQG�
VRZLQJ� GDWH�ZDV� GHWHUPLQHG� DW� ��� NJ� �� GD� IHUWLOL]HU� GRVH�
DSSOLFDWLRQ��WKH�ORZHVW�0J�ZDV�GHWHUPLQHG�DW������SSP�DQG�
WKH�¿IWK�VRZLQJ�GDWH�DW����NJ���GD�IHUWLOL]HU�GRVH�DSSOLFDWLRQ��
7KH�KLJKHVW�VRGLXP��1D�� �������SSP��ZDV�REWDLQHG�IURP�
IHUWLOL]HU�GRVH�DSSOLFDWLRQ�DW����NJ���GD��7KH�ORZHVW�1D�ZDV�
GHWHUPLQHG�DW����NJ���GD�IHUWLOL]HU�GRVLQJ�DQG�¿UVW�VRZLQJ�
GDWH�� 7KHUH� ZDV� QR� FRUUHODWLRQ� EHWZHHQ� WKH� DPRXQW� RI�
IHUWLOL]HU�DSSOLHG�DQG�WKH�PDFUR�HOHPHQWV�DFFXPXODWHG�LQ�WKH�
VHHGV�

7KH�DPRXQW�RI�LURQ��)H��IURP�WKH�PLFUR�QXWULHQWV�ZDV�
REWDLQHG�IURP�WKH�KLJKHVW�VHFRQG�VRZLQJ�GDWH�DQG����NJ���GD�
IHUWLOL]HU�GRVH�DSSOLFDWLRQ���������SSP���7KH�ORZHVW�DPRXQW�
RI�)H�ZDV�REWDLQHG�IURP�WKH�¿IWK�VRZLQJ�GDWH�������SSP��DQG�
���NJ�GD�IHUWLOL]HU�GRVH�DSSOLFDWLRQ��7KH�KLJKHVW�DPRXQW�RI�
=LQF��=Q��ZDV�������SSP�IURP�WKH�¿IWK�VRZLQJ�GDWH�DQG����
NJ���GD�IHUWLOL]HU�GRVHV�DQG�WKH�ORZHVW�DPRXQW�RI�=LQF��=Q��
ZDV�GHWHUPLQHG�DV�������SSP�IURP�WKH�¿UVW�VRZLQJ�GDWH�DQG�
���NJ���GD�IHUWLOL]HU�GRVH�

$OXPLQXP� �$O�� PLQHUDO� LV� VSHFL¿HG� DV� KHDY\� PHWDO��
$FFRUGLQJO\��WKH�KLJKHVW�DPRXQW�RI�$O�ZDV�GHWHUPLQHG�WR�EH�
������SSP��WKH�ORZHVW�DPRXQW�RI�$O�ZDV�IRXQG�WR�EH�������
SSP��7KH�KLJKHVW�$O� YDOXH�ZDV�GHWHUPLQHG� DW� ���NJ� �� GD�
IHUWLOL]HU�GRVH�DQG�VHFRQG�VRZLQJ�GDWH��WKH�ORZHVW�DPRXQW�RI�
$O�ZDV�REWDLQHG�RI�WKLUG�VRZLQJ�GDWH�DQG����NJ���GD�IHUWLOL]HU�
GRVH�DSSOLFDWLRQ�

,Q�D�VWXG\�FRQGXFWHG�XQGHU�.RQ\D�HFRORJLFDO�FRQGLWLRQV��
WKH� DYHUDJH� DPRXQW� RI� SKRVSKRUXV� �3�� ZDV� UHSRUWHG� DV�
��������SSP�DQG�WKH�DPRXQW�RI�LURQ��)H��DV�������SSP��.DQ��
�������,Q�DGGLWLRQ��WKH\�GHWHUPLQHG�WKDW�WKH�EXFNZKHDW�ZDV�
ULFK�LQ�.��=Q��&D��0J��0Q�DQG�1D�PLQHUDOV��:HL�HW�DO����������
7KH�FRQWHQW�RI�&D��)H��0J��0Q��&X�LQ�WKH�EXFNZKHDW�ÀRXU�
ZDV� KLJKHU� WKDQ� WKDW� RI�ZKHDW� SDVWD� �7DQDND�� �������7KH�
ORZHVW�YDOXHV�RI�PLQHUDO�QXWULHQW�FRQWHQW�LQ�EXFNZKHDW�ZHUH�
GHWHUPLQHG� LQ� WKH�SORWV�ZLWKRXW� IHUWLOL]HU� �.DUD� DQG�7HOOL��
������� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� KLJK� DPRXQWV� RI�
SKRVSKRUXV�DQG�LURQ�REWDLQHG�LQ�WKLV�VWXG\�PD\�EH�GXH�WR�WKH�
HFRORJLFDO�FKDUDFWHULVWLFV�RI�WKH�\HDUV�RI�FXOWLYDWLRQ�DV�ZHOO�
DV�WKH�GDWH�RI�VRZLQJ�DSSOLHG�

&RQFOXVLRQ
7KH� UHVXOWV� LQGLFDWHG� WKDW� PLQHUDO� FRPSRVLWLRQ� RI�

EXFNZKHDW� VHHGV� VLJQL¿FDQWO\� YDULHG� DFFRUGLQJ� WR� WKH�
IHUWLOL]HU�GRVHV�DQG�VRZLQJ�GDWHV���+LJK�OHYHO�RI�0J��)H��0Q�

�DQG�&X� REWDLQHG� IURP� WKH� ¿UVW DQG� VHFRQG� VRZLQJ� GDWHV��
GHVSLWH�WKDW��KLJK�OHYHO�RI�]LQF��=Q��ZDV�GHWHUPLQHG�IURP�WKH�
�WK�DQG�WKH��WK�VRZLQJ�GDWH��+LJK�OHYHO�RI�0Q�DQG�$O�ZHUH�
IRXQG�LQ�WKH�VHHG�RI�EXFNZKHDW��7KH�FRPSRV൴W൴RQV�P൴QHUDO�RI�
EXFNZKHDW�VHHGV�ZHUH�HIIHFWHG�E\�GLIIHUHQW�IHUWLOL]HU�GRVHV�
DSSOLHG�

6DG൴\H�$\úH�d(/ø.��øUHP�$<5$1��$VXPDQ�.$1

7DEOH����9DOXH�RI�%XFNZKHDW�6HHG�0LQHUDO�6XEVWDQFHV��SSP�
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5HIHUHQFHV�

$QRQ\PXV�� �������� ,),&� ±� ,QWHUQDW൴RQDO� )RRG� ,QIRUPDW൴RQ� &RXQF൴O�
)RXQGDW൴RQ���������%DFNJURXQG�RQ�)XQFW൴RQDO�)RRGV��)RRG�,QV൴JKW��
KWWS���ZZZ�IRRG൴QV൴JKW�RUJ�&RQWHQW���IXQFW൴RQDOIRRGVEDFNJURXQGHU�
SGI

,NHGD��6���<DPDVK൴WD��<�� ��������%XFNZKHDW� DV� D�G൴HWDU\� VRXUFH�RI� ]൴QF��
FRSSHU�DQG�PDQJDQHVH��)DJRS\UXP�����������

,NHGD�� 6���<DPDVK൴WD��<���0XUDNDP൴��7�� ��������0൴QHUDOV� ൴Q�%XFNZKHDW��
&XUUHQW�$GYDQFHV� ൴Q�%XFNZKHDW�5HVHDUFK��������� �3URF���WK� ,QW,��
6\UXS��%XFNZKHDW�DW�,QD��

.DQ�� $�� �������� $� QHZ� SODQW� IRU� 7XUNH\�� %XFNZKHDW� �)DJRS\UXP�
HVFXOHQWXP���%൴RORJ൴FDO�'൴YHUV൴W\�DQG�&RQVHUYDW൴RQ���������������

.DQ�� $�� �������� ,QYHVW൴JDW൴RQ� RI� 6RPH� 4XDO൴W\� &KDUDFWHU൴VW൴FV� RI�
%XFNZKHDW�*URZQ�൴Q�.RQ\D�(FRORJ൴FDO�&RQG൴W൴RQV��6HOFXN�-RXUQDO�RI�
$JU൴FXOWXUH�DQG�)RRG�6F൴HQFH���������������

.DUD�� %��� 7HOO൴�� 0�� �������� 3KRVSRUXV� 8VH� (I¿F൴HQF\� RI� %XFNZKHDW�
�)DJRS\UXP�HVFXOHQWXP�0RHQFK���'HU൴P��������������������

.DUD�� 1�� �������� <൴HOG� DQG� 0൴QHUDO� 1XWU൴W൴RQ� &RQWHQW� RI� %XFNZKHDW�
�)DJRS\UXP� HVFXOHQWXP� 0RHQFK��� 7KH� (IIHFW� RI� +DUYHVW� 7൴PHV��
6�OH\PDQ�'HP൴UHO�hQ൴YHUV൴WHV൴�-RXUQDO�RI�WKH�)DFXOW\�RI�$JU൴FXOWXUH��
�������������

7DQDND��1����������5XW൴Q�DQG�2WKHU�3RO\SKHQROV�൴Q�)DJRS\UXP�HVFXOHQWXP�
+D൴U\�5RRWV��1DWXUDO�0HG൴F൴QHV��������������

:H൴��<���+X��;��=���=KDQJ��*���2X\DQJ��6����������6WXG൴HV�RQ�7KH�$P൴QR�
$F൴G� DQG� 0൴QHUDO� &RQWHQW� RI� %XFNZKHDW� 3URWH൴Q� )UDFW൴RQV��
1DKUXQJ�)RRG���������±������

6DG൴\H�$\úH�d(/ø.��øUHP�$<5$1��$VXPDQ�.$1



(VVHQWLDO�RLO�\LHOG�DQG�FRPSRVLWLRQV�RI�VDJH��6DOYLD�RI¿FLQDOLV�/���FXOWLYDWHG�
LQ�GLIIHUHQW�SURYLQFH�RI�7XUNH\�

� � � �6DG൴\H�$\úH�d(/ø. ����������øUHP�$<5$1 ����������$VXPDQ�.$1 ����������<�NVHO�.$1
��'HSDUWPHQW�RI�0HG൴F൴QDO�3ODQWV��)DFXOW\�RI�$JU൴FXOWXUH��6HOoXN�8Q൴YHUV൴W\��.RQ\D��7XUNH\

��'HSDUWPHQW�RI�)RRG�3URFHVV൴QJ��9RFDW൴RQDO�6FKRRO�RI�7HFKQ൴FDO�6F൴HQFH��6HOoXN�8Q൴YHUV൴W\��.RQ\D���7XUNH\
&RUUHVSRQGLQJ�$XWKRU��VDFHOLN#VHOFXN�HGX�WU�

6DOYLD�RI¿FLQDOLV�LV�NQRZQ�DV�VDJH�RU�JDUGHQ�VDJH��6DOY൴D�
FRPHV�IURP�WKH�/DW൴Q�VDOYHR�DQG�VDOYDUR��WHUPV�WKDW�PHDQ�
³VDYH´�DQG�³FXUH�´��$QRQ\PXV���������6DJH�LV�D�SHUHQQLDO�
SODQW�ULFK�LQ�YRODWLOH�RLO�EHORQJLQJ�WR�/DPLDFHDH�IDPLO\��7KH�
JHQXV� 6DOYLD�� EHORQJLQJ� WR� /DPLDFHDH�DUH� UHSUHVHQWHG� E\�
RYHU�����VSHFLHV�ZRUOGZLGH��$QDWROLD�LV�D�PDMRU�FHQWUH�IRU�
6DOYLD�LQ�$VLD�����RI�LWV����VSHFLHV�HQGHPLF�WR�7XUNH\��.DQ�HW�
DO���������7KH�VDJH�LV�D�KHUEDFHRXV�RU�EXVK\�SODQW�WKDW�FDQ�EH�
JURZ�XS�WR��������FP��DQG�WKH�ÀRZHUV�FRXOG�GLIIHU�IURP�WKH�
EOXH�WR�ZKLWH�DQG�LW�KDV�JUHHQ�OHDYHV�ZLWK�D�EXUQLQJ�VPHOO��,W�
LV�¿EURXV�URRWHG�DQG�GURXJKW�UHVLVWDQW��7KH�EUDQFKLQJ�IHDWXUH�
RI�WKH�SODQW�LV�TXLWH�ODUJH��+HUEV�RI�VDJH�DUH�XVHG�LQ�WKH�SUH�
ÀRZHULQJ�SHULRG���)HOLFH�6HQDWRUH�HW�DO���������6DOYLD�JHQXV�
FRPSULVHV�KHUEDFHRXV��VXIIUXFWLFRXV�RU�VKUXEE\�SHUHQQLDOV��
UDUHO\� ELHQQLDO� RU� DQQXDO�� RIWHQ� VWURQJO\� DURPDWLF� SODQWV��
$SSUR[LPDWHO\�����VSHFLHV�KDYH�EHHQ�UHFRUGHG�ZLGHVSUHDG�
WKURXJKRXW�WKH�ZRUOG��7KH�SODQW�JURZV�PDLQO\�LQ�PLOG�DQG�
KRW�FOLPDWHV��6RPH�PHPEHUV�RI�WKLV�JHQXV�DUH�RI�HFRQRPLF�
LPSRUWDQFH��VLQFH�WKH\�KDYH�EHHQ�XVHG�LQ�IRON�PHGLFLQH�DOO�
DURXQG� WKH� ZRUOG� IRU� WKHLU� DQWLEDFWHULDO�� DQWLWXPRU��
DQWLGLDEHWLF� DQWLWXEHUFXORVXV�� DFWLYLWLHV� DQG� DV� D�ÀDYRULQJ�
DJHQW� LQ� SHUIXPHU\� DQG� FRVPHWLFV� �:HUNHU� HW� DO�� ������
7]DNDX�HW�DO���������7KHUH�DUH�VRPH�VLJQL¿FDQW�DFWLYLWLHV�DQG�
SURSHUWLHV�RI�6DOYLD�HVVHQWLDO�RLOV��LQFOXGLQJ�DQWLPLFURELDO��
DQWLR[LGDQW�� DQWLFKROLQHVWHUDVH�� LPSURYHPHQW� RI� FRJQLWLYH�

SHUIRUPDQFH� DQG� PRRG�� UHGXFLQJ� ZRUN�UHODWHG� VWUHVV��
DQWLPXWDJHQLF�� DQWLFDQFHU�� DQWLLQÀDPPDWRU\�� FKROHUHWLF�
DFWLYLWLHV�� 7KH� SUHVHQW� UHY൴HZ� UHSRUWHG� WKH� PD൴Q� DQG�
V൴JQ൴¿FDQW�SKDUPDFRORJ൴FDO�DFW൴Y൴W൴HV�RI�VDOY൴D�HVVHQW൴DO�R൴OV���
�)X�HW�DO��������

7KLV� VWXG\� ZDV� FDUULHG� RXW� WR� GHWHUPLQH� HVVHQWLDO� RLO�
\LHOGV�DQG�YRODWLOH�RLO�FRPSRQHQWV�LQ�VDJH�KHUED�JURZQ�LQ�
.RQ\D��.DUDPDQ�DQG�(OD]Õ÷�SURYLQFHV��

0DWHULDO�$QG�0HWKRG
3ODQW� 0DWHULDO�� 6DJH� VHHGV� XVHG� LQ� WKLV� VWXG\� ZHUH�

REWDLQHG� IURP� 6HOFXN� 8QLYHUVLW\� )DFXOW\� RI�$JULFXOWXUH��
'HSDUWPHQW� RI�0HGLFLQDO�3ODQWV��7KH�6HHGO൴QJV�RI�6DOY৻D�
RI¿F৻QDO৻V�KDYH�EHHQ�FXOW൴YDWHG�൴Q�WKUHH�G൴IIHUHQW�FXOW൴YDWHG�
WU൴DOV��6DPSOHV�RI�6��RI¿F৻QDO৻V�ZHUH�KDUYHVWHG�IURP�WKH�FXOW൴�
YDWHG�WU൴DO�IURP�.RQ\D��.DUDPDQ�DQG�(OD]Õ÷�SURYLQFHV�LQ�
7XUNH\��3ODQW�VDPSOHV�WR�EH�XVHG�LQ�WKH�DQDO\VLV�RI�HVVHQWLDO�
RLO�ZHUH�KDUYHVWHG�LQ�SUH�ÀRZHULQJ�SHULRG��

(VVHQWLDO� RLO� \LHOG� ����� �:DWHU� 'LVWLOODWLRQ�0HWKRG��
ZDV�XVHG�WR�REWDLQ�WKH�HVVHQWLDO�RLO�\LHOG�RI�VDJH��$FFRUGLQJ�
WR�WKLV�PHWKRG������J�GU\�KHUE�VDPSOHV�ZHUH�VXEMHFWHG�WR�
ZDWHU�GLVWLOODWLRQ�IRU���KRXUV�DQG�D�YRODWLOH�RLO�ZDV�REWDLQHG��
9ROXPHWULF��PO�������J��YRODWLOH�RLO�\LHOG�ZDV�GHWHUPLQHG�E\�
&OHYHQJHU�W\SH�HVVHQWLDO�RLO�HTXLSPHQW��

�

���

$EVWUDFW

.H\ZRUGV�� R F6DJH��6DOY৻D�RI¿F৻QDOV��(VVHQW൴DO� ൴O� RPSRV൴W൴RQ��/RFDW൴RQ

,QWURGXFWLRQ���

�

7KH� HVVHQW൴DO� R൴OV� IURP� WKUHH� 6DOY൴D� VSHF൴HV� IURP� .RQ\D�� .DUDPDQ� DQG� (OD]Õ÷� ORFDW൴RQV� ZHUH� DQDO\]HG� E\� JDV�
FKURPDWRJUDSK\�±�PDVV�VSHFWURPHWU\��*&�06���,Q�WKLV�VWXG\��ÕW�ZDV�LQYHVWLJDWHG�HVVHQWLDO�RLO�\LHOG�DQG�FRPSRVLWLRQV�RI�
VDJH��6DOYLD�RI¿FLQDOLV�/���FXOWLYDWHG�LQ�GLIIHUHQW�SURYLQFH�7XUNH\��(OD]ÕJ��.DUDPDQ��.RQ\D���7KH�D൴U�GU൴HG�KHUE�SDUWV�RI�
VDJH� �6DOYLD�RI¿FLQDOLV�/���ZHUH�VXEMHFWHG� WR�K\GURG൴VW൴OODW൴RQ� IRU���K�XV൴QJ�D�&OHYHQJHU�W\SH�DSSDUDWXV� WR�SURGXFH�
HVVHQW൴DO�R൴O��7KH�*&�06�DQDO\V൴V�ZDV�FDUU൴HG�RXW�Z൴WK�$J൴OHQW������*&�06�V\VWHP��7KH�UHODW൴YH�SHUFHQWDJHV�RI�WKH�
VHSDUDWHG�FRPSRXQGV�ZHUH�FDOFXODWHG�IURP�WRWDO�൴RQ�FKURPDWRJUDPV��7KH�൴GHQW൴¿FDW൴RQ�RI�WKH�R൴O�FRPSRQHQWV�ZDV�EDVHG�
RQ�WKH�:൴OH\�DQG�1,67�PDVV�VSHFWUDO�O൴EUDU\��7KH�VDJH�HVVHQWLDO�RLO�ZDV�GHWHUPLQHG�DV������LQ�.RQ\D�������LQ�.DUDPDQ�
DQG������LQ�(OD]Õ÷��UHVSHFWLYHO\��7KH�HVVHQWLDO�RLO�RI�WKH�VDJH�FXOWLYDWHG�LQ�.RQ\D�LV������DQG�LWV�PDMRU�FRPSRQHQWV�DUH�Į�
WKXMRQH���������������FLQHROH����������DQG�FDPSKRU����������7KH�HVVHQWLDO�RLO�RI�VDJH�FXOWLYDWHG�LQ�.DUDPDQ�LV�������
DQG�WKH�PDMRU�FRPSRQHQWV�DUH�FDPSKRU�����������Į�WKXMRQH����������DQG�����FLQHROH����������7KH�HVVHQWLDO�RLO�RI�WKH�
VDJH�FXOWLYDWHG�LQ�(OD]Õ÷�LV������DQG�WKH�PDMRU�FRQVWLWXHQWV�DUH�Į�WKXMRQH���������������FLQHORH����������DQG�FDPSKRU�
����������$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WKLV�VWXG\��LW�ZDV�GHWHUPLQHG�WKDW�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�HVVHQWLDO�RLO�\LHOG�
DQG�FRPSRQHQWV�RI�VDJH��6DOYLD�RI¿FLQDOLV�/���SURGXFHG�LQ�GLIIHUHQW�SURYLQFHV�RI�RXU�FRXQWU\��

5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG�������������

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

�H�,661������������ '2,�����������MDHIV��������

,QW�-�$JULF�(QYLURQ�)RRG�6FL����6SHFLDO�,VVXH�������������������
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'HWHUPLQDWLRQ�RI�HVVHQWLDO�RLO�FRPSRQHQWV��$IWHU�WKH�
HVVHQWLDO�RLO�ZDV�REWDLQHG��HVVHQWLDO�RLO�ZDV�LGHQWL¿HG�WR�WKH�
*&�06� WR� GHWHUPLQH� LWV� FRPSRQHQWV�� 7KH� FKHP൴FDO�
FRPSRV൴W൴RQ�RI�WKH�6��RI¿F৻QDO৻V�HVVHQW൴DO�R൴O�ZDV�SHUIRUPHG�
E\� *&�06�� 7KH� FRPSRV൴W൴RQ� RI� WKH� HVVHQW൴DO� R൴O� ZDV�
FDOFXODWHG�DV�SHUFHQWDJH��7KH�൴GHQW൴¿FDW൴RQ�RI�HVVHQW൴DO�R൴O�
FRPSRQHQWV�ZDV�FDUU൴HG�RXW�E\�FRPSDU൴VRQ�RI�WKH�REWD൴QHG�
PDVV�VSHFWUD�Z൴WK�WKH�1,67�DQG�:൴OH\�O൴EUDU\�

5HVXOWV�DQG�'LVFXVVLRQ
7KH�HVVHQWLDO�RLO�RI� WKH� WKUHH�VDPSOHV�ZDV�REWDLQHG� LQ�

\LHOGV�RI����������DQG�������Z�Z���EDVHG�RQ�WKH�GU\�ZHLJKW�RI�
WKH� SODQW� IURP� FXOWLYDWHG� WULDOV� LQ� (OD]Õ÷�� .DUDPDQ� DQG�
.RQ\D� UHVSHFWLYHO\�� 7KH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH�
FRPSRVLWLRQ� RI� WKH� RLOV� LV� SUHVHQWHG� LQ� 7DEOH� ��� )LJXUH�
������������FRPSRXQGV�ZHUH�LGHQWL¿HG�DFFRXQWLQJ�IRU�������
���������7KH� ��� FRPSRQHQWV� FRPPRQO\� LGHQWL¿HG� LQ� DOO�
WKUHH� SURYLQFH� DUH� FDPSKRU�� Į�WKXMRQH�� ����FLQHROH��
YLULGLÀRURO�� ERUQHRO�� FDPSKHQH�� OLPRQHQH�� VDOYHQH�� Į�
SLQHQH�� ȕ�SLQHQH�� ȕ�WKXMRQH� DQG� Ȗ�WHUSLQHQH� ,W� ZDV�
GHWHUPLQHG�D�VLJQL¿FDQW�GLIIHUHQFH�LQ�FRPSRVLWLRQ�EHWZHHQ�
ZLWK�YDULDWLRQV�LQ�WKH�DPRXQWV�RI�WKH�PDLQ�FRPSRXQGV� WKH��
KLJKHVW�DPRXQW�RI�HVVHQWLDO�RLO�RI�����FLQHROH�ZDV�REWDLQHG�
IURP�(OD]Õ÷�SURYLQFH�������������ZKLOH�WKH�ORZHVW�DPRXQW��
ZDV� REWDLQHG� IURP� .DUDPDQ� SURYLQFH� ���������� ,Q� WKHVH�
VDPSOHV��WKXMRQHV��FKDUDFWHULVWLF�FRPSRXQGV�RI�VDJH�RLOV��DUH�
SUHVHQW�LQ�YHU\�KLJK�DPRXQWV��Į�WKXMRQH��������±����������
DQG�ȕ�WKXMRQH�����������������7KH�KLJKHVW� DPRXQW� RI� Į�
WKXMRQH� ZDV� ������� �� IURP� (OD]Õ÷� SURYLQFH�� WKH� ORZHVW�
DPRXQW� RI� � Į�WKXMRQH� ZDV� ������� �� IURP� .DUDPDQ�� ȕ�
WKXMRQH�ZDV�GHWHUPLQHG�WKH�KLJKHVW�DPRXQW�ZLWK���������
IURP�(OD]Õ÷��WKH�ORZHVW�DPRXQW�ZLWK���������IURP�.RQ\D��
7KH�DPRXQW�RI�ȕ�WKXMRQH�ZDV�GHWHUPLQHG�WR���������IURP�
.DUDPDQ�SURYLQFH��
�������7KH�RWKHU�VWXGLHV�UHSRUWHG�WKDW�6DOYLD�RI¿FLQDOLV�FRQWDLQV�
�������\LHOG�RI�HVVHQWLDO�RLO��,W�LV�GHVLUHG�WKDW�WKH�\LHOG�RI�

HVVHQWLDO�RLO�WR�6DOYLD�RI¿FLQDOLV�LV�DW�OHDVW������DFFRUGLQJ�WR�
(XURSHDQ�3KDUPDFRSRHLD��7KH�PDMRU�DFWLYH�FRPSRVLWLRQV�RI�
VDJH� HVVHQWLDO� RLO� FRQWDLQ� 5�DQG� ȕ�WRFRSKHURO�� FDPSKRU��
FLQHROH��ERUQHRO��DV�ZHOO�DV�5�KXPXOHQH�IURP�VHVTXLWHUSHQHV�
DQG�ȕ�FKLRSK\OOHQH�LQ�ODUJHU�TXDQWLWLHV��0DWKH�HW�DO���������
,Q� WKH� RWKHU� VWXG\� FRQGXFWHG� XQGHU� WKH� FRQGLWLRQV� RI�
dXNXURYD� 5HJLRQ� 'URJ� ZDV� LQYHVWLJDWHG� DFFRUGLQJ� WR�
GLIIHUHQW�SODQWLQJ�WLPHV�RI�PHGLFLQDO�VDJH��6DOYLD�RI¿FLQDOLV�
/��DQG�WKH�HIIHFWV�RI�WKLV�SODQW�RQ�WKH�HVVHQWLDO�RLO�\LHOG�DQG�
HVVHQWLDO� RLO� FRPSRQHQWV� ZHUH� LQYHVWLJDWHG�� (VVHQWLDO� RLO�
\LHOG�ZDV�GHWHUPLQHG�DV�������������WKH�PDLQ�FRPSRQHQWV�
RI� HVVHQWLDO� RLO� DUH� GHWHUPLQHG� DV� IROORZV�� &DPSKRU�
����������FLQHROH����������DQG�WKXMRQH�����������.ÕUÕFÕ�HW�
DO�� ������� ,Q� D� 7XQLVLDQ� VWXG\�� WKH� PDLQ� HVVHQWLDO� RLO�
FRPSRQHQWV� ZHUH� LGHQWL¿HG� DV�� &DPSKRU� ���������� Į�
WKXMRQH� ���������� ����FLQHROH� ���������� YLULGLÀRURO�
��������� ȕ�WKXMRQH� �������� DQG�ȕ�FDU\RSK\OOHQH� ��������
�.KHGOHU� HW� DO�� �������7KH� HVVHQW൴DO� R൴O� FRPSRQHQWV�ZHUH�
DOSKD�S൴QHQH��EHWD�S൴QHQH������F൴QHROH��DOSKD�WKXMRQH��EHWD�
WKXMRQH�� FDPSKRU�� ERUQHRO�� DOSKD�KXPXOHQH�� Y൴U൴G൴ÀRURO��
DQG�PDQRRO�DFFRXQW�DW�OHDVW�����RI�ZH൴JKW�൴Q�HVVHQW൴DO�R൴O�
VDPSOHV���6DQWRV�*RPHV�HW�DO���������,W�LV�DOVR�VHHQ�LQ�RXU�
ZRUN�WKDW�WKH�PDLQ�FRPSRQHQWV�DUH�WKH�VDPH�DV�RWKHU�VWXGLHV�
DQG�WKH\�DUH�SDUDOOHO�WR�WKH�TXDQWLWLHV��

&RQFOXVLRQ�
5HVXOWV� RI� WK൴V� VWXG\� VKRZHG�PRQRWHUSHQHV� ����

F൴QHROH��FDPSKRU�DQG�Į�WKXMRQH�DUH�WKH�PDMRU�FRQVW൴WXHQWV�RI�
6DOY৻D�RI¿F৻QDO৻V�HVVHQW൴DO�R൴O��7KH�HVVHQWLDO�RLO�FRPSRVLWLRQ�
RI� 6�� RI¿FLQDOLV� LV� KLJKO\� LQÀXHQFHG� E\� JHQHWLF� DQG�
HQYLURQPHQWDO�IDFWRUV��SODQW�SDUWV�DJH��FOLPDWH�FRQGLWLRQV��
DQG�VHDVRQDOLW\��)DUKDW�HW�DO���������7KH�UHVXOWV�VKRZHG�WKDW�
WKH� VDJH� FXOW൴YDWHG� IURP�.RQ\D�SURY൴QFH� FDQ�EH�SUHIHUHG�
Z൴WK�UHJDUG�WR�����F൴QHORH��,W�FDQ�EH�XVHG�DV�D�K൴JK�TXDO൴W\�UDZ�
PDWHU൴DO�IRU�WKH�SURGXFW൴RQ�RI�SK\WRSUHSDUDW൴RQV��

6DGL\H�$\úH�d(/ø.��øUHP�$<5$1��$VXPDQ�.$1��<�NVHO�.$1

7DEOH����&RPPRQ�(VVHQW൴DO�2൴O�&RPSRXQGV�IURP�7KUHH�/RFDW൴RQV

'2,�����������MDHIV��������



���

)LJXUH� ���&RPPRQ� (VVHQW൴DO� 2൴O� &RPSRQHQWV� IURP�7KUHH�
/RFDW൴RQ

)LJXUH����(VVHQW൴DO�R൴O�FRPSRV൴W൴RQ� �൴Q�.RQ\D�FKRURPDWRJUDP
SURY൴QFH����Į�WKXMRQH���������F൴QHROH�����FDPSKRU

)LJXUH����(VVHQW൴DO�R൴O�FRPSRV൴W൴RQ� �൴Q�.DUDPDQ�FKRURPDWRJUDP
SURY൴QFH���&DPSKRU����ɲ�WKXMRQH��������WKXMRQH

)LJXUH� ���(VVHQW൴DO� R൴O� FRPSRV൴W൴RQ� � ൴Q� (OD]Õ÷�FKRURPDWRJUDP
SURY൴QFH�����ɲ�WKXMRQH���������F൴QHROH�����&DPSKRU

5HIHUHQFHV�

$QRQ\PRXV� ������� � 6DJH� RI¿FLQDO LV � (VVHQWLDO � RL O � $OEDQLD��
KWWS���ZZZ�DOEHUWY൴H൴OOH�FRP�HQ�SURGXFWV�����VDJH�RI¿F൴QDO൴V����
HVVHQW൴DO�R൴O�EDONDQV�KWPO��

)DUKDW�� 0�%��� -RUGiQ�� 0�-��� &KDRXHFK�+DPDGD�� 5��� /DQGRXOVL�� $���
6RWRPD\RU�� -�$�� �������� 9DULDWLRQV� LQ� HVVHQWLDO� RLO�� SKHQROLF�
FRPSRXQGV�� DQG� DQWLR[LGDQW� DFWLYLW\� RI� 7XQLVLDQ� FXOWLYDWHG� 6DOYLD�
RI¿FLQDOLV� /�� -RXUQDO� RI�$JULFXOWXUDO� DQG� )RRG�&KHPLVWU\�� ��� ������
�����±�������

)X��=���:DQJ��+���+X��;���6XQ��=���+DQ��&����������7KH�3KDUPDFRORJLFDO�
3URSHUWLHV�RI�6DOYLD�(VVHQWLDO�2LOV��-RXUQDO�RI�$SSOLHG�3KDUPDFHXWLFDO�
6FLHQFH�������������������

.DQ��<��� *|NEXOXW��$��� .DUWDO�� 0��� .RQXNOXJLO�� %���<ÕOPD]�� *�� ��������
'HYHORSPHQW� DQG� 9DOLGDWLRQ� RI� D� /&� 0HWKRG� IRU� WKH�$QDO\VLV� RI�
3KHQROLF�$FLGV�LQ�7XUNLVK�6DOYLD�6SHFLHV��&KURPDWRJUDSKLD����������
����

.KHGKHU��0�5�%���.KHGKHU�� %�6��� &KDLHE�� ,���7RXQVL�� 6���+DPPDPL��0��
�������� &KHPLFDO� FRPSRVLWLRQ� DQG� ELRORJLFDO� DFWLYLWLHV� RI� VDOYLD�
RI¿FLQDOLV�HVVHQWLDO�RLO�IURP�7XQLVLD��(;&/,�-RXUQDO���������������

.ÕUÕFÕ�� 6��� g]J�YHQ�� 0��� <HQLNDOD\FÕ�� $�� �������� ,QYHVWLJDWLRQV� RQ�
0HGLFLQDO� 6DJH� LQ� dXNXURYD� 5HJLRQ�� :RUNVKRS� 0HGLFLQDO� DQG�
$URPDWLF�3ODQWV��������0D\��$EVWUDFWV��%RUQRYD�ø]PLU��������

0DWKH�� ,��� +RKPDQQ�� -��� -DQLFVD� .�*��� 1DJ\�� *��� 5H�GHL�� '�� ��������
&KHPLFDO� GLYHUVLW\� RI� WKH� ELRORJLFDO� DFWLYH� LQJUHGLHQWV� RI� 6DOYLD�
RI¿FLQDOLV�DQG�VRPH�FORVHO\�UHODWHG�VSHFLHV��$FWD�3KDUP��+XQJDULFD��
������±���

6DQWRV�*RPHV�� 3�&��� )HUQDQGHV�)HUUHLUD�� 0�� �������� 2UJDQ� DQG� VHDVRQ�
GHSHQGHQW�YDULDWLRQ�LQ�WKH�HVVHQWLDO�RLO�FRPSRVLWLRQ�RI�6DOYLD�RI¿FLQDOLV�
/��FXOWLYDWHG�DW�WZR�GLIIHUHQW�VLWHV��-�$JULF�)RRG�&KHP�����������������

7]DNRX��2���3LWDURNLOL��%���&KLQRX��/�%���+DUYDO��&�����������&RPSRVLWLRQ�
DQG�DQWLPLFURELDO�DFWLYLW\�RI�WKH�HVVHQWLDO�RLO�RI�6DOYLD�YLQJHQV��3ODQWD�
0HG�������������

:HUNHU�� (��� 5DYLG�� 8��� 3XWLHYVN\�� (�� �������� *ODQGXODU� KDLUV� DQG� WKHLU�
VHFUHWLRQV�LQ�WKH�YHJHWDWLYH�DQG�UHSURGXFWLYH�RUJDQV�RI�VDOYLD�VFODUHD�
DQG�V��GRPLQLFD��,VUDHO�-RXUQDO�RI�%RWDQ\�������������������

,QW�-�$JULF�(QYLURQ�)RRG�6FL����6SHFLDO�,VVXH�������������������6DGL\H�$\úH�d(/ø.��øUHP�$<5$1��$VXPDQ�.$1��<�NVHO�.$1



,QYHVWLJDWLRQ�RI�URXWLQH�FRQWHQWV�RI�EXFNZKHDW��)DJRS\UXP�HVFXOHQWXP�0RHQFK��
FXOWLYDWHG�LQ�7XUNH\�

�� � � �$VXPDQ�.DQ �������6DG൴\H�$\úH�dHO൴N �������øUHP�$\UDQ �������*�OD\�dRNVDUÕ
�'HSDUWPHQW�RI�)RRG�3URFHVV൴QJ��9RFDW൴RQDO�6FKRRO�RI�7HFKQ൴FDO�6F൴HQFH��6HOoXN�8Q൴YHUV൴W\��.RQ\D���7XUNH\

�'HSDUWPHQW�RI�0HG൴F൴QDO�3ODQWV��)DFXOW\�RI�$JU൴FXOWXUH��6HOoXN�8Q൴YHUV൴W\��.RQ\D��7XUNH\
�'HSDUWPHQW�RI�1XWU൴W൴RQ�DQG�'൴HWHW൴FV��)DFXOW\�RI�+HDOWK�6F൴HQFH��%൴QJ|O�8Q൴YHUV൴W\��%൴QJ|O��7XUNH\

&RUUHVSRQGLQJ�$XWKRU��DVNDQ#VHOFXN�HGX�WU�

%XFNZKHDW��)DJRS\UXP�HVFXOHQWXP�0RHQFK��LV�D�SODQW�
RI�WKH�3RO\JDQHFHDH�IDPLO\��ZLWK�D�VLQJOH�\HDU�DQG�D�VKRUW�
YHJHWDWLYH�SHULRG��������GD\V���.DQ���������7KH�EXFNZKHDW�
LV� D�SODQW�EDVHG�RQ� DQFLHQW� WLPHV� DQG� LV� RI�&HQWUDO�$VLDQ�
RULJLQ��)LUVW��WKH�EXFNZKHDW�SODQW�JURZQ�LQ�WKH�+XQ�(PSLUH��
&KLQD� DQG� -DSDQ� LV� JURZQ� LQ� PDQ\� FRXQWULHV� WRGD\��
%XFNZKHDW�� ZKLFK� LV� SURGXFHG� LQ� PDQ\� FRXQWULHV� RI� WKH�
ZRUOG� �5XVVLD�� 8NUDLQH�� .D]DNKVWDQ�� )UDQFH�� &]HFK�
5HSXEOLF��6ORYDNLD�HWF����KDV�EHHQ�VWDUWHG�WR�SURGXFH�LQ�RXU�
FRXQWU\� LQ� WKH� ODVW� WZR� \HDUV� DQG� ZH� KDYH� WZR� NLQGV� RI�
EXFNZKHDW� ��7KH�EXFNZKHDW�SODQW�KDV� IDVW�JURZLQJ�� OHDI\�
DQG�ZKLWH�SLQN�ÀRZHUV��7KH�ÀRZHUV�DUH�IUDJUDQW�DQG�VXLWDEOH�
IRU�QHFWDU�DFFXPXODWLRQ�RI�KRQH\�EHHV��$QRQ\PXV���������
7KH�EXFNZKHDW�SODQW�LV�EHQH¿WHG�ERWK�IURP�WKH�VHHG��JUDLQ��
DQG�IURP�HDFK�SODQW��%XFNZKHDW�JUDLQV�DUH�ULFK�LQ�YLWDPLQV��
HVSHFLDOO\�WKRVH�RI�%�JURXS��)DEMDQ�HW�DO��������7KH�DPLQR�
DFLG�FRPSRVLWLRQ�RI�EXFNZKHDW�SURWHLQV�LV�ZHOO�EDODQFHG�DQG�
RI�D�KLJK�ELRORJLFDO�YDOXH� �.DWR�HW�DO��������DOWKRXJK� WKH�
SURWHLQ� GLJHVWLELOLW\� LV� UHODWLYHO\� ORZ� �/LX� HW� DO��������
%XFNZKHDW� JUDLQV� DUH� D� ULFK� ¿EUH�� VROXEOH� GLHWDU\� ¿EUH�
�6')��� DQG� DUH� DSSOLHG� LQ� WKH� SUHYHQWLRQ� RI� REHVLW\� DQG�
GLDEHWHV��%UHQQDQ�������VRXUFH�RI�7')��WRWDO�GLHWDU\���:LWK�
����XQVDWXUDWHG�IDWW\�DFLGV�PRUH�WKDQ�����DUH�FRQVWLWXWHG�
E\� SRO\XQVDWXUDWHG� IDWW\� DFLG� �38)$�� �.UNRãNRYi� 	�
0Ui]RYi�������%XFNZKHDW�JUDLQV�DUH�DQ�LPSRUWDQW�VRXUFH�RI�
PLFURHOHPHQWV��VXFK�DV��=Q��&X��0Q��6H��6WLELOM�HW�DO��������
DQG�PDFURHOHPHQWV��.��1D��&D��0J��:HL�HW�DO�������

%XFNZKHDW� SODQW� H[KLELWV� KLJK� ELRORJLFDO� DFWLYLW\�
EHFDXVH� LW� LV� ULFK� LQ� ÀDYRQRLGV�� SKHQROLF� DFLGV�� WDQQLQV��

SK\WRVWHUROV�DQG�SKDJRS\ULQV��6L[�ÀDYRQRLGV�ZHUH�LVRODWHG�
IURP�WKH�EXFNZKHDW�VHHG�DQG�WKH�PRVW�VLJQL¿FDQW�DPRXQW�
ZDV�GHWHUPLQHG�URXWLQH�LQ�WRWDO�ÀDYRQRLGV��5XWLQ�LV�RQH�RI�
PDQ\�ZHOO�NQRZQ�ÀDYRQRLGV�ZLWK�D�KLJK�ELRORJLFDO�DFWLYLW\��
7KH�URXWLQH��LQKLELWV��EORRG��SODWHOHW��DJJUHJDWLRQ���LQFUHDVHV��
FDSLOODU\� � VWUHQJWK�� � DQG� � UHGXFHV� � WKHLU� � ��SHUPHDELOLW\���
DGGLWLRQDOO\�� � LW� � UHGXFHV� � WKH� �FKROHVWHURO� � OHYHO� � LQ� � WKH��
EORRG�� �KDV� �DQWL�R[LGDWLYH� �DQG� �DQWLLQÀDPPDWRU\� �HIIHFWV���
DQG� �FRQWULEXWHV� �IDYRXUDEO\� �WR� �KHSDWRSURWHFWLRQ� ��&KHQ�
DQG� +VLHK� � ����� �%൴RORJ൴FDO � DFW ൴Y൴ W ൴HV � VXFK� DV�
QHXURSURWHFW൴YH��DFHW\OFKRO൴QHVWHUDVH��EXW\U\OFKRO൴QHVWHUDVH�
DQG�DQW൴R[൴GDQW�ZHUH�VWXG൴HG�DFFRUG൴QJ�WR�WKH�WRWDO�SKHQRO��
ÀDYRQR൴G�DQG�URXW൴QH�FRQWHQWV�RI�WKH�H[WUDFWV�SUHSDUHG�IURP�
VHHGV�� VWHPV�DQG�KHUEV�RI�EXFNZKHDW�FXOW൴YDWHG� ൴Q�.RQ\D�
HFRORJ൴FDO� FRQG൴W൴RQV�� ,W� KDV� EHHQ� FRQFOXGHG� WKDW� WKHVH�
൴PSRUWDQW�FRPSRXQGV�FRQWD൴Q൴QJ�EXFNZKHDW�ZK൴FK�DUH�PD൴Q�
FRPSRXQGV�UHVSRQV൴EOH�IRU�DFW൴Y൴W\�

,Q�WKLV�VWXG\��LW�ZDV�GHWHUPLQHG�E\�WKH�URXWLQH�FRQWHQWV�RI�
KHUEV� DQG� VHHGV� RI� EXFNZKHDW� FXOWLYDWHG� DW� ¿YH� GLIIHUHQW�
VRZLQJ� GDWHV� DQG� GLIIHUHQW� IHUWLOL]HU� GRVHV� LQ� .RQ\D�
HFRORJLFDO�FRQGLWLRQV�

0DWHULDO�DQG�0HWKRG

7KH� VHHGV� RI� EXFNZKHDW� ZHUH� FXOWLYDWHG� 6HOFXN�
8QLYHUVLW\�� )DFXOW\� RI� $JULFXOWXUH�� 0HGLFLQDO� 3ODQWV�
5HVHDUFK� DQG�$SSOLFDWLRQ�)DUP�� �7XUNH\���7KH�KHUEV� DQG�
VHHGV�ZHUH�SRZGHUHG�XV൴QJ�SHVWOH�DQG�PRUWDU�൴QWR�¿QH

�

���

$EVWUDFW

.H\ZRUGV��%XFNZKHDW��)DJRS\UXP�HVFXOHQWXP��3ODQWLQJ�7LPH��)HUWLOL]HU��5RXWLQH��+HUE��6HHG

5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

�

,W�ZDV�GHWHUPLQHG�E\�WKH�URXWLQH�FRQWHQWV�RI�KHUEV�DQG�VHHGV�RI�EXFNZKHDW�SODQW�JURZQ�DW�.RQ\D�HFRORJLFDO�FRQGLWLRQV�DW�
0DUFK��$SU൴O��0D\��-XQH������������DQG�GLIIHUHQW�IHUWLOL]HU�GRVHV��������DQG����NJ���GD�'$3��������IRU�WZR�\HDUV��5RXWLQH�
DQDO\VHV�ZHUH�SHUIRUPHG�XV൴QJ�DQ�$J൴OHQW�7HFKQRORJ൴HV����� VHU൴HV�K൴JK�SUHVVXUH� O൴TX൴G�FKURPDWRJUDSK\� �+3/&���
൴QFOXG൴QJ�D�E൴QDU\�SXPS��YDFXXP�GHJDVVHU��DXWR�VDPSOHU��G൴RGH�DUUD\�GHWHFWRU��DQG�FRXSOHG�WR�DQ�$J൴OHQW�7HFKQRORJ൴HV�
����� VHU൴HV�0RGHO�9/� V൴QJOH� TXDGUXSROH�PDVV� VSHFWURPHWHU� HTX൴SSHG�Z൴WK� DQ�PXOW൴PRGH� ൴RQ൴]DW൴RQ� ൴QWHUIDFH��$W�
GLIIHUHQW�SODQWLQJ�WLPHV��WKH�DPRXQW�RI�URXWLQH�LQ�KHUEV�RI�EXFNZKHDW�SODQW�UDQJHG�IURP������WR��������UDQJHG�IURP������
WR�������DW�WKH�DSSOLHG�IHUWLOL]HU�GRVHV��5RXWLQH�FRQWHQWV�RI�EXFNZKHDW�VHHGV�ZHUH�UHODWLYHO\�ORZ�FRPSDUHG�WR�KHUE�SODQWV�
DQG�UDQJHG�IURP�������WR���������,Q�WKLV�VWXG\��LW�ZDV�GHWHUPLQHG�WKDW�WKH�EXFNZKHDW��)DJRS\UXP�HVFXOHQWXP�0RHQFK��
JURZQ�DW�GLIIHUHQW�SODQWLQJ�WLPHV�LQYHVWLJDWHG�VLJQL¿FDQW�GLIIHUHQFHV�LQ�WKH�URXWLQH�FRQWHQWV�RI�KHUEV�DQG�VHHGV�
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SRZGHU��7KHQ�WKH�SRZGHUHG�VDPSOHV�RI�WKH�VHHGV�DQG�KHUEV�
ZHUH�VXEP൴WWHG�WR�VXFFHVV൴YH�VROYHQW�H[WUDFW൴RQ�VHTXHQW൴DOO\�
Z൴WK�HWKDQRO��(W2+��DW�URRP�WHPSHUDWXUH�IRU����K���î����
P/���$IWHU�¿OWUDW൴RQ�WKH�RUJDQ൴F�SKDVHV�ZHUH�HYDSRUDWHG�E\�
XV൴QJ�D�URWDU\�HYDSRUDWRU��%XFK൴��6Z൴W]HUODQG��DW�����&�WR�
GU\QHVV�൴Q�YDFXR��

5RXWLQH� DQDO\VHV� ZHUH� SHUIRUPHG� XVLQJ� DQ� $JLOHQW�
7HFKQRORJLHV � ����� VHU LHV � KLJK� SUHVVXUH � O LTXLG�
FKURPDWRJUDSK\��+3/&���LQFOXGLQJ�D�ELQDU\�SXPS��YDFXXP�
GHJDVVHU��DXWR�VDPSOHU��GLRGH�DUUD\�GHWHFWRU��DQG�FRXSOHG�WR�
DQ� $JLOHQW� 7HFKQRORJLHV� ����� VHULHV� 0RGHO� 9/� VLQJOH�
TXDGUXSROH�PDVV�VSHFWURPHWHU�HTXLSSHG�ZLWK�DQ�PXOWLPRGH�
LRQL]DWLRQ� LQWHUIDFH�� 6WDQGDUG� VROXW൴RQV� FRQWD൴Q൴QJ� UXW൴Q�
����±�����J�P/í���ZDV�SUHSDUHG�൴Q�HWKDQRO�����������/�RI�
൴QMHFW൴RQV� ZHUH� DFK൴HYHG� ൴Q� WU൴SO൴FDWH� IRU� HDFK� VWDQGDUG�
VROXW൴RQ�WR�VHH�WKH�UHSURGXF൴E൴O൴W\�RI�WKH�GHWHFWRU�UHVSRQVH�DW�
HDFK� FRQFHQWUDW൴RQ� OHYHO�� )൴YH� FRQFHQWUDW൴RQV� RI� URXWLQH�
ZHUH�VXEMHFWHG�WR�UHJUHVV൴RQ�DQDO\V൴V�WR�FDOFXODWH�FDO൴EUDW൴RQ�
HTXDW൴RQ�DQG�FRUUHODW൴RQ��$OO�WKH�FDOFXODW൴RQV�FRQFHUQ൴QJ�WKH�
TXDQW൴WDW൴YH� DQDO\V൴V� ZHUH� SHUIRUPHG� Z൴WK� H[WHUQDO�
VWDQGDUG൴]DW൴RQ�E\�PHDVXUHPHQW�RI�SHDN�DUHDV��*�OSÕQDU�HW�
DO�������

5HVXOWV�DQG�'LVFXVVLRQ
7KH� URXWLQH� RI� KHUEV� DQG� VHHGV� FRQWHQW� RI� EXFNZKHDW�

JUDLQ�VDPSOHV�LV�JLYHQ�LQ�7DEOH���DQG�7DEOH���UHVSHFWLYHO\���
$FFRUGLQJ�WR�WKH�YDULDQFH�DQDO\]HV�SHUIRUPHG��WKH�HIIHFW�RI�
GLIIHUHQW�VRZLQJ�GDWHV�DQG�IHUWLOL]HU�GRVHV�RQ�WKH�URXWLQH�UDWH�
RI�EXFNZKHDW�KHUE�ZDV�VWDWLVWLFDOO\�VLJQL¿FDQW�DW����OHYHO��

,Q�WKLV�VWXG\��LW�ZDV�GHWHUPLQHG�WKDW�WR�GLIIHUHQW�VRZLQJ�
GDWHV��WKH�KLJKHVW�DPRXQW�RI�URXWLQH�REWDLQHG�IURP�DOO�KHUEV�
RI� EXFNZKHDW�ZDV� REWDLQHG� IURP� WKH� DSSOLFDWLRQ� RI� WKLUG�
VRZLQJ�GDWH�LQ���������������ZKLOH�WKH�ORZHVW�DPRXQW�RI�
URXWLQH� �������� ZDV� REWDLQHG� IURP� ¿UVW� VRZLQJ� GDWH�
DSSOLFDWLRQV�� �$FFRUGLQJ�WR�GLIIHUHQW�IHUWLOL]HU�DSSOLFDWLRQV��
WKH�KLJKHVW�DPRXQW�RI�URXWLQH�ZDV�REWDLQHG�IURP�DSSOLFDWLRQ�
RI�IHUWLOL]HU���������DW����NJ���GD�DQG�WKH�ORZHVW�DPRXQW�RI�
URXWLQH�ZDV�REWDLQHG�IURP�FRQWURO�SORWV�����������

,Q� WKLV� VWXG\�� LW� ZDV� GHWHUPLQHG� WKDW� WR� WKH� YDULDQFH�
DQDO\]HV�SHUIRUPHG��WKH�HIIHFW�RI�GLIIHUHQW�VRZLQJ�GDWHV�RQ�

WKH� URXWLQH� UDWH� RI� EXFNZKHDW� VHHGV� ZDV� VWDWLVWLFDOO\�
VLJQL¿FDQW�DW����OHYHO��$FFRUGLQJ�WR�WKLV�VWXG\��WKH�KLJKHVW�
DPRXQW�RI�URXWLQH�REWDLQHG�IURP�WKH�VHHGV�RI�WKH�EXFNZKHDW�
ZDV� REWDLQHG� DW� WKH� VHFRQG� VRZLQJ� GDWH� �������� DQG� WKH�
ORZHVW�DW�WKH�¿IWK�VRZLQJ�GDWH���������LQ�WKH�VHHGV�ZKHQ�
ERWK� WULDO� \HDUV� ZHUH� HYDOXDWHG� WRJHWKHU�� ,W� KDV� EHHQ�
FRQFOXGHG�WKDW�WKH�GLIIHUHQW�IHUWLOL]HU�GRVHV�DSSOLHG�RQ�WKH�
URXWLQH�FRQWHQWV�RI�EXFNZKHDW�VHHGV�DUH�QRW�HIIHFWLYH��,W�ZDV�
GHWHUPLQHG�WKDW�WKH�EXFNZKHDW�SODQW�LV�PXFK�PRUH�LQ�KHUEV�
WKDQ�WKH�URXWLQH�FRQWHQWV��5RXWLQH�TXDQWLWLHV�IRXQG�LQ�RWKHU�
VWXGLHV�ZHUH�IRXQG�WR�EH�ORZHU�WKDQ�WKLV�VWXG\���7KH�FRQWHQW�
RI�URXWLQH�RI�EXFNZKHDW�VHHGV�DQG�KHUEV�ZHUH�DIIHFWHG�E\�
GLIIHUHQW�VRZLQJ�GDWHV��GLIIHUHQW�SURGXFWLRQ�WHFKQLTXHV�DQG�
HFRORJLFDO�IDFWRUV��$W�WKH�VDPH�WLPH��WKH�FRQWHQW�RI�URXWLQH�LV�
GHSHQG�RQ�JHQRW\SH��VRZLQJ�GDWHV��FXOWLYDWLQJ�FRQGLWLRQV��
GHYHORSPHQW� SHULRG�� SDUW� RI� SODQW� DQG� KDUYHVWLQJ� WLPH��
'LIIHUHQW�FXOWLYDUV�RI�EXFNZKHDW�PD\�KDYH�GLIIHUHQW�FRQWHQWV�
RI�URXWLQH�ZLWK�SRWHQWLDO�YDULDWLRQ�DOVR�LQ�GLIIHUHQW�SDUW�RI�
SODQWV��$KPHG�HW��DO��������0RVW�RI�URXWLQH�LV�DFFXPXODWHG�
LQ� WKH� LQ� ÀRUHVFHQFH� �XS� WR� ����� PJ�J� ':��� LQ� VWDONV�
������±�����PJ�J�':��XSSHU�OHDYHV������±�����PJ�J�':��
�+DJHOV�������DQG�����±�����PJ�J�':�LQ�JUDLQV�GHSHQGLQJ�
RQ� WKH� YDULHW\� DQG� JURZWK� FRQGLWLRQV� �.LWDED\DVKL� HW�
DO������%UXQRUL� HW� DO������� 3DUN� HW� DO�������� � 5RXWLQH�
FRQWHQWV�RI�GU\�PDWWHU�LQ�EXFNZKHDW�VHHG�ZHUH�UHSRUWHG�WR�
UDQJHG�IURP�����������PJ������J��7LDQ�HW�DO���������DQG�IURP�
�����J�������J�WR������������J��%DL�HW�DO����������,W�LV�FRQFOXGHG�
WKDW�GLIIHUHQW�IHUWLOL]HU�GRVHV�DSSOLHG�RQ�WKH�URXWLQH�FRQWHQWV�
RI�EXFNZKHDW�VHHGV�DUH�QRW�HIIHFWLYH��7KH�URXWLQH�FRQWHQWV�RI�
EXFNZKHDW�ZHUH�IRXQG�WR�EH�PXFK�KLJKHU�LQ�KHUEV�WKDQ�LQ�
VHHGV��7KH�VDPH�WLPH��HFRORJLFDO�IDFWRUV�VXFK�DV�FXOWLYDWLQJ�
FRQGLWLRQV�PD\�DOVR�KDYH�D�JUHDW�LQÀXHQFH�RQ�URXWLQH�FRQWHQW�
�.UHIW�HW�DO����������

,Q� WKLV� VWXG\�� LW� ZDV� GHWHUPLQHG� WKDW� WKH� EXFNZKHDW�
�)DJRS\UXP� HVFXOHQWXP� 0RHQFK�� FXOWLYDWHG� DW� GLIIHUHQW�
VRZLQJ� GDWH� LQYHVWLJDWHG� VLJQL¿FDQW� GLIIHUHQFHV� LQ� WKH�
URXWLQH�FRQWHQWV�RI�KHUEV�DQG�VHHGV��7KH�URXWLQH�FRQWHQW�RI�
EXFNZKHDW��LQ�RWKHU�SVHXGR�FHUHDOV�QR�URXWLQH�FRPSRXQG�LV�
IRXQG�

$VXPDQ�.DQ��6DG൴\H�$\úH�dHO൴N��øUHP�$\UDQ��*�OD\�dRNVDUÕ

7DEOH����5RXWLQH�DPRXQWV�����REWDLQHG�IURP�EXFNZKHDW�KHUE�DFFRUGLQJ�WR�GLIIHUHQW�DSSOLFDWLRQV

'2,�����������MDHIV������
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7DEOH����5RXW൴QH�DPRXQWV�����REWD൴QHG�IURP�EXFNZKHDW�VHHGV�DFFRUG൴QJ�WR�G൴IIHUHQW�DSSO൴FDW൴RQV

&RQFOXVLRQ�

%XFNZKHDW�LV�QRW�D�FHUHDO��LW�LV�DFWXDOO\�D�JOXWHQ�IUHH�VHHG�
ZKLFK�LV�D�VXLWDEOH�IRU�SHRSOH�ZKR�DUH�VHQVLWLYH�WR�ZKHDW�RU�
RWKHU�FHUHDO�JUDLQV�WKDW�FRQWDLQ�SURWHLQ�JOXWHQV��%XFNZKHDW�LV�
YHU\� JRRG� VRXUFH� RI� PDQJDQHVH� DQG� JRRG� VRXUFH� RI�
PDJQHVLXP��FRSSHU�DQG�GLDWHU\�¿EUH���%XFNZKHDW�KDV�PRUH�
SURWHLQ��SKHQROLF�FRPSRXQGV��HVSHFLDOO\�URXWLQH��WKDQ�ULFH��
ZKHDW��PLOOHW��FRUQ��%XFNZKHDW��FRPSDUHG�WR�ULFH��ZKHDW�DQG�
FRUQ�� KDV� ORZ� RQ� WKH� JO\FHPLF� LQGH[�� 7KH� SDUWV� RI� WKH�
EXFNZKHDW�SODQW�WKDW�FRQWDLQV�WKH�KLJKHVW�URXWLQH�LV�LWV�KHUE�

5HIHUHQFHV�

$QRQP\XV�� ��������+HOOR� WR�+HDOWK\� /൴Y൴QJ�Z൴WK�%XFNZKHDW��0HYODQD�
'HYHORSPHQW�$JHQF\��5XUDO�'HYHORSPHQW�)൴QDQF൴DO�6XSSRUW�3URJUDP�
�&RRUG൴QDWRU��%DKU൴�'D÷GDú�$JU൴FXOWXUDO�5HVHDUFK�,QVW൴WXWH����$FDU��5��
������%XFNZKHDW��$QJXODU�:KHDW��
൴Q�$JU൴FXOWXUH��.RQ\D�&RPPRG൴W\�
([FKDQJH�-RXUQDO�����������������

$KPHG��$���.KDO൴G��1���$KPDG��$���$EEDV��1�$���/DW൴I��0�6�=��5DQGKDZD��
0�$�� �������� 3K\WRFKHP൴FDOV� DQG� E൴RIXQFW൴RQDO� SURSHUW൴HV� RI�
EXFNZKHDW���-RXUQDO�RI�$JU൴FXOWXUDO�6F൴HQFH����������������

%D൴��&�=���)HQJ��0�/���+DR��;�/���=KRQJ��4�0���7RQJ��/�*���:DQJ��=�+��
��������5XW൴Q��4XHUFHW൴Q��DQG�)UHH�$P൴QR�$F൴G�$QDO\V൴V�൴Q�%XFNZKHDW�
�)DJRS\UXP�� 6HHGV� )URP� '൴IIHUHQW� /RFDW൴RQV�� � *HQHW൴FV� DQG�
0ROHFXODU�5HVHDUFK����������������������

%UHQQDQ�� &K�6��� ������ '൴HWDU\� ¿EUH�� JO\FDHP൴F� UHVSRQVH� DQG� G൴DEHWHV��
0ROHFXODU�1XWU൴W൴RQ�	�)RRG�5HVHDUFK����������±����

%UXQRUÕ�$���%DY൴HOOR�*���=DQQHWWÕQR�&���&RUV൴Q൴�*���6DQGRU�*���9HJYDU൴��*��
�������� 7KH� XVH� RI� WDUWDU\� 1XWU൴W൴RQDO� SUR¿OH� RI� EXFNZKHDW� ���
EXFNZKHDW� ZKROH� ÀRXU� IRU� EDNHU\� SURGXFWV�� UHFHQW� H[SHU൴HQFH� ൴Q�
,WDO\�$QQDOV�RI�WKH�8Q൴YHUV൴W\�'XQDUHD�GH�-RV�*DODW൴�)DVF൴FOH�9�±)RRG�
7HFKQRORJ\�������±���

&KHQ��+�1���+V൴HK��&�/���������� �(IIHFWV� �RI� �6RSKRUD� �MDSRQ൴FD� �ÀRZHUV��
�+XD൴KXD���RQ��FHUHEUDO�൴QIDUFW൴RQ��&K൴QHVH�0HG൴F൴QH������������

)DEMDQ�� 1��� 5RGH�� -��� .Rǆ൴U�� ,�-��� =KDQJ�� =��� .UHIW�� ,�� �������� 7DWDU\�
EXFNZKHDW��)DJRS\UXP�WDUWDU൴FXP�*DHUWQ���DV�D�VRXUFH�RI�G൴HWDU\�UXW൴Q�
DQG� TXHUFHW൴Q�� -RXUQDO� RI� $JU൴FXOWXUDO� DQG� )RRG� &KHP൴VWU\�� ����
����±�����

*XOS൴QDU��$�5���(UGRJDQ�2UKDQ��,���.DQ��$���6HQRO��)�6���&HO൴N��6�$���.DUWDO��
0�� �������� (VW൴PDW൴RQ� RI� ൴Q� Y൴WUR� QHXURSURWHFW൴YH� SURSHUW൴HV� DQG�
TXDQW൴¿FDW൴RQ� RI� UXW൴Q� DQG� IDWW\� DF൴GV� ൴Q� EXFNZKHDW� �)DJRS\UXP�
HVFXOHQWXP�0RHQFK��FXOW൴YDWHG�൴Q�7XUNH\��)RRG�5HVHDUFK�,QWHUQDW൴RQDO�
�����������������

+DJHOV�� +�� �������� )DJRS\UXP� HVFXOHQWXP� 0RHQFK�� &KHP൴FDO� UHY൴HZ��
=ERUQ൴N�%)8/�����������

.DQ�� $�� �������� $� QHZ� SODQW� IRU� 7XUNH\�� %XFNZKHDW� �)DJRS\UXP�
HVFXOHQWXP���%൴RORJ൴FDO�'൴YHUV൴W\�DQG�&RQVHUYDW൴RQ�����������������

.DWR��1���.D\DVK൴WD��-���7RPRWDNH��+����������1XWU൴W൴RQDO��DQG�SK\V൴RORJ൴FDO�
IXQFW൴RQV� RI� EXFNZKHDW� SURWH൴Q�� 5HFHQW� 5HVHDUFK� 'HYHORSPHQW�
1XWU൴W൴RQ��������±����

.൴WDED\DVK൴�� +��� 8M൴KDUD�� $��� +൴URVH�7��� 0൴QDP൴�� 0�� �������� 9DU൴HWDO�
G൴IIHUHQFHV�DQG�KHU൴WDE൴O൴W\�IRU�UXW൴Q�FRQWHQW� ൴Q�FRPPRQ�EXFNZKHDW��
)DJRS\UXP�HVFXOHQWXP�0RHQFK��-DSDQ�-RXUQDO�RI�%UHHG൴QJ�������±���

.UHIW��6���6WUXNHOM��%���*DEHUVF൴N�$���.UHIW��,����������5XW൴Q�൴QEXFNZKHDW�
KHUEV�JURZQ�DW�G൴IIHUHQW�89�%�UDG൴DW൴RQ�OHYHOV�FRPSDU൴VRQ�RI�WZR�89�
VSHFWURSKRWRPHWU൴F�DQG�DQ�+3/&�PHWKRG�� �-RXUQDO�RI�([SHU൴PHQWDO�
%RWDQ\���������������

,QW�-�$JULF�(QYLURQ�)RRG�6FL����6SHFLDO�,VVXH�������������������$VXPDQ�.DQ��6DG൴\H�$\úH�dHO൴N��øUHP�$\UDQ��*�OD\�dRNVDUÕ



$�VWXG\�RQ�HVVHQWLDO�RLO�\LHOG�DQG�FRPSRQHQWV�RI�GU\HG�DQG�IUHVK�IROLDJH�RI�
SHSSHUPLQW��0HQWKD�SLSHULWD�/���FXOWLYDWHG�LQ�7XUNH\

�� � � �øUHP�$\UDQ �������������6DGL\H�$\úH�dHOLN �������������$VXPDQ�.DQ �������������<�NVHO�.DQ
�'HSDUWPHQW�RI��0HGLFLQDO�3ODQWV��)DFXOW\�RI�$JULFXOWXUH��6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\�

� �'HSDUWPHQW�RI�)RRG�3URFHVVLQJ9RFDWLRQDO�6FKRRO�RI�7HFKQLFDO�6FLHQFHV��6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\
&RUUHVSRQGLQJ�$XWKRU��LUHP�D\UDQ#JPDLO�FRP

7KH� LQFUHDVH� LQ� WKH�ZRUOG� SRSXODWLRQ�� WKH� GLYHUVLW\� RI�
KXPDQ�QHHGV�DQG�WKH�LQFUHDVH�LQ�GHPDQG�IRU�QDWXUDO�SURGXFWV�
DQG�WKH�LPSRUWDQFH�RI�PHGLFLQDO�DQG�DURPDWLF�SODQWV�KDYH�
DOVR�LQFUHDVHG��3RODWFÕ�HW�DO���������7XUNH\�LV�RQH�RI�WKH�UDUH�
FRXQWULHV� ZLWK� HFRORJLFDO� FRQGLWLRQV� VXLWDEOH� IRU� WKH�
DJULFXOWXUH� RI� FXOWLYDWHG� PHGLFDO� DQG� DURPDWLF� SODQWV��
0HGLFLQDO�DQG�DURPDWLF�SODQWV� WKDW�DUH�H[SRUWHG�IURP�RXU�
FRXQWU\�RU�FRQVXPHG�LQ�WKH�LQQHU�PDUNHW�KDYH�EHHQ�XVXDOO\�
FROOHFWHG�IURP�ÀRUD�RI�7XUNH\��.DQ���������

0HQWKD� VSHFLHV� DUH� FRPPHUFLDOO\� FXOWLYDWHG� LQ� PDQ\�
FRXQWULHV�EHFDXVH�RI�WKH�HVVHQWLDO�RLO�DQG�KHUE��,Q�7XUNH\��
SHSSHUPLQW��FXOWLYDWHG��LQ�WKH�JDUGHQV��LQ�IURQW�RI�WKH�KRXVHV�
DQG� RQ� WKH� ¿HOGV� VLQFH� DQFLHQW� WLPHV� KDYH� EHHQ� XVHG� IRU�
PHGLFLQDO� SXUSRVHV� � VXFK� DV� DQWLVSDVP�� � FDUPLQDWLYH��
UHIUHVKLQJ��VWLPXODQW�DQG�GLXUHWLF�HIIHFWV�DQG�ÕW�ZLGHO\�KDV�
EHHQ�XVHG�DV�VSLFHV��FXOLQDU\�KHUE�DQG�KHUEDO�WHDV��0LQW�LV�WKH�
ULFKHVW�QDWXUDO�VRXUFH�RI�PHQWKRO� FDIIHLF�DFLGV��ÀDYRQRLGV��
VXFK� DV� DSLJHQLQ� �*UXHQZDOG�� ������ ZKLFK� KDV� D� ZLGH�
DSSOLFDWLRQ�DUHD�LQ�PHGLFLQH��IRRG�DQG�FRVPHWLFV� LQGXVWU\�
�%D\WRS��������

3HSHUPLQW� �0HQWKD� SLSHULWD� /��� LV� D� SHUHQQLDO��
KHUEDFHRXV�WKDW�LV�EHORQJ�WR�/DPLDFHDH��/DELDWDH��IDPLO\��
7KH� RULJLQ� RI� SHSHUPLQW� LV� WKH� 0HGLWHUUDQHDQ� 5HJLRQ��
HVSHFLDOO\�$QDWROLD� DQG� (J\SW� �(VHWOLOL� HW� DOO��� ������ DQG�
ZLGHVSUHDG�LQ�FXOWLYDWLRQ�WKURXJKWRXW�DOO�RYHU�WKH�ZRUOG�5LWD�
DQG�$QLPHVK���������3HSHUPLQW�LV�D�VSHFLHV�WKDW�HPHUJHV�DV�D�
UHVXOW�RI�K\EULGL]DWLRQ�RI�0HQWKD�DTXDWLFD�/��DQG�0HQWKD�
VSLFDWD� /�� VSHFLHV� �0HQWKD� SLSHULWD� /��0�� DTXDWLFD�[�0��
VSLFDWD���%�\�NED\UDNWDU���������,Q�DGGLWLRQ�ÕW�LV�NQRZQ�DV�
WKH�%ULWLVK�PLQW��WKLV�SODQW�LV�DOVR�NQRZQ�DV�³QDQH´�LQ�7XUNH\�
�%D\WRS���������7KLV�SODQW��KDV�DQ�LPSRUWDQW�SODFH�LQ�WHUPV�RI�
HVVHQWLDO� RLO� DQG� HVVHQWLDO� RLO� FRQWHQW� DQG� DPRQJ� WR�PLQW�

VSHFLHV�LV�WKH�PRVW�EHQH¿WHG�IURP�HVVHQWLDO�RLO�LQ�WKH�ZRUOG��
7KH�HVVHQWLDO�RLO�RI�SHSHUPLQW�REWDLQHG�IURP�KHUE
V�OHDYHV�
DQG�ZLGHO\�XVHV�LQ�WUDGLWLRQDO�PHGLFLQH�DSSOLFDWLRQV�IRU�WKH�
SXUSRVH� RI� DQDOJHVLF�� DQHVWKHWLF�� DQWLVHSWLF�� DVWULQJHQW��
FDUPLQDWLYH��GHFRQJHVWDQW��H[SHFWRUDQW��QHUYLQH��VWLPXODQW��
VWRPDFKLF�� LQÀDPPDWRU\� GLVHDVHV�� XOFHU� DQG� VWRPDFK�
SUREOHPV�6KULYDVWDYD���������

7KH� DLP� REMHFWLYH� RI� WKH� ZRUN� SUHVHQWHG� ZDV� WR�
GHWHUPLQH�WKH�HIIHFWV�GLIIHUHQFHV�EHWZHHQ�HVVHQWLDO�RLO�\LHOG�
DQG�FRPSRQHQWV�RI�WKH�GU\HG�DQG�IUHVK�IROLDJH�SHSSHUPLQW�
�0HQWKD�SLSHULWD�/���FXOWLYDWHG�.RQ\D�HFRORJLFDO�FRQGLWLRQV�
LQ�7XUNH\�

0DWHULDOV�DQG�0HWKRGV�
3ODQW�PDWHULDO��7KH�SODQW�PDWHULDO�XVHG� LQ� WKH� WULDO�� LV�

3HSHUPLQW��0HQWKD�SLSHULWD�/����7KLV�VWXG\�ZDV�FDUULHG�RXW�
WR�HVVHQWLDO�RLO�\LHOG�DQG�FRPSRQHQWV�RI�WKH�GU\HG�DQG�IUHVK�
IROLDJH�SHSSHUPLQW�FXOWLYDWHG��6HOoXN�8QLYHUVLW\��)DFXOW\�RI�
$JULFXOWXUH��0HGLFDO�3ODQWV�5HVHDUFK�DQG�$SSOLFDWLRQ�)DUP�
LQ�.RQ\D�HFRORJLFDO�FRQGLWLRQV��7KH�KDUYHVWHG�OHDYHV�RI�WKLV�
SODQW�ZHUH� �DW�WKH�VKDGH�FRQGLWLRQV�GU\HG

(VVHQWLDO�2LO�'LVWLOODWLRQ�DQG�$QDO\VLV��7KH�IROLDJH�RI�
WKH�SODQWV�ZHUH�VXEMHFWHG�WR�K\GURGLVWLOODWLRQ�IRU���K�XVLQJ�
&OHYHQJHU�W\SH�DSSDUDWXV�WR�SURGXFH�HVVHQWLDO�RLO��(VVHQWLDO�
RLO�LV�FDOFXODWHG�DV�YROXPH��PO�������J��*&�06�LQVWUXPHQW�
ZDV� XVHG� WR� GHWHUPLQH� WKH� HVVHQWLDO� RLO� FRPSRQHQWV��7KH�

�HVVHQWLDO� RLOV� ZHUH� VWRUHG� DW� ��� &� XQWLO� DQDO\]HG�� *&�
DQDO\VLV�ZDV�SHUIRUPHG�RQ�D�$JLOHQW�����1�1HWZRUN�*&�
V\VWHP�FRPELQHG�ZLWK�$JLOHQW� ����&�9/�06'�1HWZRUN�
0DVV�6HOHFWLYH�'HWHFWRU��7KH�*&�FRQGLWLRQV�ZHUH��FROXPQ��
'%�:D[H�WU������P�[�����PP�[������P��RYHQ�WHPSHUDWXUH�

RSURJUDPPH��7KH�FROXPQ�KHOG�LQLWLDOO\�DW��� &�IRU����PLQ�

�

���

$EVWUDFW

.H\ZRUGV��3HSSHUPLQW��0HQWKD�SLSHULWD�/���(VVHQWLDO�RLO��&RPSRQHQW��0HQWKRQH��0HQWKRO�
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG�������������

,QWURGXFWLRQ���

�

,Q�WKH�VWXG\��HVVHQWLDO�RLO�\LHOG�DQG�LWV�FRPSRQHQWV�GU\HG�DQG�IUHVK��IROLDJH�REWDLQHG�IURP�SHSSHUPLQW�>0HQWKD�SLSHULWD�/��
�/DPLDFHDH�@ FXOWLYDWHG�LQ�.RQ\D�HFRORJLFDO�FRQGLWLRQV�ZHUH�LQYHVWLJDWHG��7KH�\LHOG�RI�HVVHQWLDO�RLO�IURP�GU\HG�DQG�IUHVK��
SHSSHUPLQW�IROLDJH�ZDV�GHWHUPLQHG�WR�EH�������DQG��������UHVSHFWLYHO\��7KH�PDMRU�HVVHQWLDO�RLO�FRPSRQHQWV�RI�GU\HG�DQG�
IUHVK�IROLDJH�SHSSHUPLQW�RLO�ZHUH�GHWHUPLQHG�DV�PHQWRQH������������PHQWRO�����������DQG�PHQWRQH������������PHQWRO�
���������UHVSHFWLYHO\��7KH�DLP�RI�WKLV�UHVHDUFK�DWWHPSWV�WR�FRQWULEXWH�WR�NQRZOHGJH�RI�GLIIHUHQFHV�EHWZHHQ�HVVHQWLDO�RLO�
\LHOG�DQG�FRPSRQHQWV�RI� WKH�GU\HG�DQG�IUHVK�IROLDJH�SHSSHUPLQW��0HQWKD�SLSHULWD�/���FXOWLYDWHG�.RQ\D�HFRORJLFDO�
FRQGLWLRQV��7XUNH\�

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

�H�,661������������ '2,�����������MDHIV�������

,QW�-�$JULF�(QYLURQ�)RRG�6FL����6SHFLDO�,VVXH�������������������
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R RDIWHU�LQMHFWLRQ��WKHQ�LQFUHDVHG�WR����� &�ZLWK�� &�PLQ�KHDWLQJ�
R RUDPS� IRU� ��� PLQ� DQG� LQFUHDVHG� WR� ��� &� ZLWK� �� &�PLQ�

RKHDWLQJ� UDPS� ZLWKRXW� KROG�� LQMHFW� RU� WHPSHUDWXUH� ��� &��
FDUULHU�JDV��+H��LQ�OHW�SUHVVXUH������SVL��OLQHDU�JDVYHORFLW\����
FP�VHF��LQLWLDO�ÀRZ�����PO�PLQ��VSOLW�UDWLR���������LQMHFWHG�
YROXPH�����O��(3���

5HVXOWV�DQG�'LVFXVVLRQ

(VVHQWLDO� RLO� \LHOG� ����� ,Q� WKH� VWXG\�� WKH� \൴HOG� RI�
HVVHQW൴DO�R൴O�IURP�GU\HG�DQG�IUHVK�SHSSHUP൴QW�IROODJH�ZDV�
GHWHUP൴QHG�WR�EH�������DQG��������UHVSHFW൴YHO\��,W�FDQ�EH�VDLG�
WKDW� �SHSHUPLQW�RQ�HVVHQWLDO�RLO�\LHOG�LV�HIIHFWLYH�LQ�WKLV�GU\HG
VWXG\��$W� WKH� VDPH� WLPH�� LW� LV� NQRZQ� WKDW� HIIHFW� RI� SODQW�
JHQHWLF�VWUXFWXUH��HFRORJLFDO�DQG� �FXOWLYDWHG�FRQGLWLRQV�DUH�
LPSRUWDQW�LQ�WKH�\LHOG�RI�HVVHQWLDO�RLO��,Q�WKH�RWKHU�UHVHDUFKV��
7KH�RLO�\LHOG�RI�SHSHUPLQW��REWDLQHG�WKH�IUHVK�RU�SDUWO\� �GU\HG
SODQW�� YDULHG� IURP� ���� ������ �� �$ÀDWXQL�� ������� 7KH�
GLIIHUHQFHV� EHWZHHQ� WKH� VWXG\� LQ� .RQ\D� HFRORJLFDO�
FRQGLWLRQV� DQG� WKH� UHVXOWV� REWDLQHG� IURP� RWKHU� ZRUNV�� LW�
FRXOG�EH�VDLG�WKDW�IURP�UHVHDUFK�FRQGLWLRQV�

(VVHQWLDO� RLO� FRPSRQHQWV� ����� ,W� ZDV� LGHQWL¿HG�
FRPPRQO\� WRWDO����FKHPLFDO�FRPSRQHQWV�RI�HVVHQWLDO�RLOV�
IURP� �DQG�IUHVK�SHSHUPLQW�WKDW� �FXOWLYDWHG�LQ�.RQ\D�GU\HG
HFRORJLFDO�FRQGLWLRQV�� �$�WRWDO�RI� �����DFFRXQWLQJ�IRU�������
DQG��������RI�WKH�WRWDO�RLO��ZHUH�LGHQWL¿HG�LQ�WKH�0��SLSHULWD��
/��HVVHQWLDO�RLOV�

! ,Q� WKLV� VWXG\�� ÕW�ZDV� GHWHUPLQHG�ZKLFK�PHQWKRO� DQG�
PHQWKRQH�DV�PDMRU�FRPSRQHQWV�RI�SHSSHUPLQW�YRODWLOH�RLO��
7KH� PDMRU� HVVHQWLDO� RLO� FRPSRQHQWV� RI� GU\HG� DQG� IUHVK�
IROLDJH�SHSSHUPLQW�RLO�ZHUH�GHWHUPLQHG�DV�PHQWRQH��������

����PHQWKRO� ���������� DQG�PHQWRQH� �����������PHQWKRO�
��������� UHVSHFWLYHO\�� WKH� DPRXQW� RI� ���� FLQHROH� LQ� WKH�
SHSHUPLQW�HVVHQWLDO�RLO�FRPSRQHQWV�YDULHG�IURP������WR������
�� �,W�KDV�EHHQ�GHWHUPLQHG�WKDW�WKH�HIIHFW�RI�GU\HG�RQ��7DEOH����
WKH�YRODWLOH�RLO�FRPSRQHQWV�RI�WKH�SHSSHUPLQW�REWDLQHG�IURP�
WKLV�ZRUN�LV�LPSRUWDQW��

7KH�FKHPLFDO�FRPSRVLWLRQ�RI�0��SLSHULWD�LV�FKDUDFWHUL]HG�
E\� WKH� SUHVHQFH� RI� R[\JHQDWHG� PRQRWHUSHQHV� VXFK� DV�
PHQWKRO�� PHQWKRQH�� PHQWK\O� DFHWDWH�� VDELQHQH� K\GUDWH�
PHQWKRIXURQH�DQG�����FLQHROH��

.Õ]ÕO�HW�DO���������UHSRUWHG�WKDW�PHQWKRO�FRQWHQW����������
PHQWKRQH� FRQWHQW� ������ �� � DQG� FLQHROH� FRQWHQW� ������
REWDLQHG�IURP�0��SLSHULWD�HVVHQWLDO�RLO��0RUHRYHU��PHQWKRO�
FRQWHQW�RI�GLIIHUHQW�SHSSHUPLQW�RULJLQ�YDULHG�IURP����WR�����
DQG�PHQWKRQH�FRQWHQW�IURP����WR�����

7KH�RWKHU�VWXGLHV�ZHUH�GHWHUPLQHG�PDLQ�FRPSRQHQW�DV�
PHQWKRO� ��� ��������PHQWKRQH� ��� ������� �=KHOMD]NRY� YH�
DUN�������� $FFRUGLQJ� WR� PRQRJUDSKV� RI� (XURSHDQ�
3KDUPDFRSRHLD� DUH� FLQHROH� �������������PHQWKRQH� ������
�������DQG�PHQWKRO���������������6KULYDVWDYD���������7KH�
UHVXOWV�REWDLQHG�IURP�WKLV�VWXG\�ZHUH�IRXQG�WR�EH�DSSURSULDWH�
ZKHQ�FRPSDUHG�WR�WKH�SKDUPDFRSRHLD�RI�(XURSH�

&RQFOXVLRQ
$FFRUGLQJ�WR�WKH�UHVXOWV�RI�RXU�VWXG\��LW�ZDV�UHSRUWHG�WKDW�

GLIIHUHQFHV�EHWZHHQ�HVVHQWLDO�RLO�\LHOG�DQG�FRPSRQHQWV�RI�
WKH�GU\HG�DQG�IUHVK�IROLDJH�SHSSHUPLQW��0HQWKD�SLSHULWD�/���
FXOWLYDWHG� LQ� .RQ\D� HFRORJLFDO� FRQGLWLRQV�� 7XUNH\��
&RPSDUHG�ZLWK�WKHVH�UHVXOWV��LW�ZDV�GHWHUPLQHG�WKDW�GU\HG�
IROLDJH�KDG�EHWWHU�\LHOGV�RI�HVVHQWLDO�RLO�\LHOG�DQG�HVVHQWLDO�RLO�
FRQWHQWV�WKDQ�IUHVK�IROLDJH�

øUHP�$\UDQ��6DGL\H�$\úH�dHOLN��$VXPDQ�.DQ��<�NVHO�.DQ '2,�����������MDHIV�������

7DEOH����(VVHQWLDO�RLO�FRPSRVLWLRQ�RI�GU\HG�DQG�IUHVK�IROLDJH�
SHSSHUPLQW����

)LJXUH����(VVHQWLDO�RLO�FRPSRVLWLRQ�RI�GU\HG�IROLDJH�SHSSHUPLQW�
FKRURPDWRJUDP� ��� /�0HQWKRQH�� ��� ����FLQHROH�� ���
0HQWKROH

)LJXUH����(VVHQWLDO�RLO�FRPSRVLWLRQ�RI�IUHVK�IROLDJH�SHSSHUPLQW�
FKRURPDWRJUDP�����/�0HQWKRQH�����0HQWKROH���������
FLQHROH�



���

5HIHUHQFHV�

$ÀDWXQ൴��$����������7KH�\൴HOG�DQG�HVVHQW൴DO�R൴O�FRQWHQW�RI�P൴QW��0HQWKD�VVS���
൴Q�1RUWKHUQ�2VWURERWKQ൴D��)DFXOW\�RI�6F൴HQFH��'HSDUWPHQW�RI�%൴RORJ\��
8Q൴YHUV൴W\�RI�2XOX��S�������

%D\WRS�� 7�� �������� 7KHUDS\� Z൴WK� PHG൴F൴QDO� SODQWV� ൴Q� 7XUNH\� �3DVW� DQG�
3UHVHQW���,VWDQEXO�8Q൴YHUV൴W\������S��

%X\XNED\UDNWDU��$�� �������� ,QYHVW൴JDW൴RQ� RI� GUXJ� XW൴O൴]DW൴RQ� DQG� VRPH�
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DFFRXQW൴QJ� IRU� ������ DQG� ����� �� RI� WKH� WRWDO� R൴O�� ZHUH��
൴GHQW൴¿HG�WKH�HVVHQW൴DO�R൴O�RI�0DWU৻FDU৻D�FKDPRP৻OOD�/��WKDW�
FXOW൴YDWHG�൴Q�.RQ\D�DQG�൴Q�.DUDPDQ�HFRORJ൴FDO�FRQG൴W൴RQV��
UHVSHFW൴YHO\��7KHVH�FRPSRQHQWV�DUH�ȕ�RFLPHQH��ȕ�IDUQHVHQH��
*HUPDQFUHQH�'��%൴VDEROROR[൴GH��%൴VDERORQHR[൴GH��$OSKD�
E൴VDERORO��&KDPD]XOHQH��$OSKD�E൴VDEROROR[൴GH�

7KH� PRVW� LPSRUWDQW� HVVHQWLDO� RLO� FRPSRQHQW� RI�
FKDPRPLOH�� &KDPD]XOHQH� FRQWHQW� ZDV� ������ LQ� .RQ\D�
ORFDWLRQ�DQG��������LQ�.DUDPDQ�ORFDWLRQ��$OSKD�ELVDERORO�
FRQWHQW�IURP�WKH�HVVHQWLDO�RLO�FRPSRQHQWV�LQ�WKH�.RQ\D�DQG�
.DUDPDQ�SURYLQFH�ZDV�GHWHUPLQHG�DV��������DQG���������
UHVSHFWLYHO\��7KH�\LHOGV�RI�ȕ�IDUQHVHQH�FRQWHQW�RI�HVVHQWLDO�

RLO� ZDV� ������� LQ� .RQ\D� DQG� ������ �� LQ� .DUDPDQ��
$FFRUGLQJ�WR�RXU�UHVXOWV��&KDPRPLOH�FXOWLYDWHG�LQ�.RQ\D�LV��
KLJKHU� WKDQ� LQ� .DUDPDQ� RQ� DFFRXQW� RI� ERWK� WKH� \LHOG� RI�
HVVHQWLDO�RLO�DQG�WKH�DPRXQW�RI� WKH�LPSRUWDQW�HVVHQWLDO�RLO�
FRQWHQWV�� /RSH]� HW� DO�������� UHSRUWHG� WKDW� FKDPRPLOH�
ÀRZHUV�KDYH�ODUJH�DPRXQW�RI�WKH�VHVTX൴WHUSHQH�K\GURFDUERQ�
WUDQV�EHWD�IDUQHVHQH����������IROORZHG�RI�DOSKD�ELVDERORO�
R[൴GH�$����������ZHUH�IRXQG�൴Q�WKH�FKDPRP൴OH�HVVHQW൴DO�R൴O�
DQG� FKDPD]XOHQH� ZDV� IRXQG� ����������� $FFRUG൴QJ� WR�
PRQRJUDSKV�RI�(XURSHDQ�3KDUPDFRSRH൴D�DUH�FKDPD]XOHQH�
���������E൴VDERORO�R[൴GHV�����������

&RQFOXVLRQ
$FFRUG൴QJ�WR�WKH�UHVXOWV�RI�WK൴V�VWXG\��൴W�ZDV�GHWHUP൴QHG�

WKDW� KDV� G൴IIHUHQFHV� EHWZHHQ� HVVHQW൴DO� R൴O� \൴HOG� DQG�
FRPSRQHQWV� RI� FKDPRP൴OH� �0DWU৻FDU৻D� FKDPRP৻OOD� /���
SURGXFHG� ൴Q� G൴IIHUHQW� SURY൴QFH� RI� RXU� FRXQWU\� ZHUH�
GHWHUP൴QHG���&RPSDUHG�Z൴WK�WKHVH�UHVXOWV��൴W�ZDV�GHWHUP൴QHG�
WKDW� \൴HOGV� RI� HVVHQW൴DO� R൴O� FRPSRV൴W൴RQ� REWD൴QHG� IURP�
&KDPRP൴OH� FXOW൴YDWHG� ൴Q� .RQ\D� DQG� .DUDPDQ� ZHUH�
DSSURSU൴DWHG�WR�(XURSHDQ�3KDUPDFRSHG൴D�

�,UHP�$\UDQ��6DG൴\H�$\VH�&HOÕN ��$VXPDQ�.DQ��<XNVHO�.DQ

7DEOH����(VVHQWLDO�RLO�FRPSRQHQWV�RI�FKDPRP൴OH�൴Q�.RQ\D�
DQG�.DUDPDQ����

)൴JXUH����(VVHQW൴DO�R൴O�FRPSRV൴W൴RQ� �൴Q�.RQ\D�FKRURPDWRJUDP
ORFDW൴RQ����Į�ELVDERORO�����ȕ�IDUQHVHQH����
&KDPD]XOHQH

)൴JXUH����(VVHQW൴DO�R൴O�FRPSRV൴W൴RQ� �൴Q�FKRURPDWRJUDP
.DUDPDQ�ORFDW൴RQ�����Į�ELVDERORO�����ȕ�IDUQHVHQH�
���&KDPD]XOHQH

,QW�-�$JULF�(QYLURQ�)RRG�6FL����6SHFLDO�,VVXH��������������������



(VVHQW൴DO�R൴O�\൴HOG�DQG�FRPSRV൴W൴RQV�RI�HQGHP൴F�PRXQWD൴Q�WHD��6৻GHU৻W৻V�O৻EDQRW৻FD�/DE൴OO��VVS��
O൴QHDU൴V��%HQWKDP��%RUP��DQG��6৻GHU৻W৻V�E৻OJHUDQD�3�+��'DY൴V��

FXOW൴YDWHG�൴Q�.RQ\D� �FRQG൴W൴RQV�RI�7XUNHHFRORJLFDO \
�� � � �<�NVHO�.DQ ��������$VXPDQ�.DQ ��������øUHP�$\UDQ ��������6DG൴\H�$\úH�dHO൴N

�'HSDUWPHQW�RI��0HGLFLQDO�3ODQWV��)DFXOW\�RI�$JULFXOWXUH��6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\�
� �'HSDUWPHQW�RI�)RRG�3URFHVV൴QJ9RFDW൴RQDO�6FKRRO�RI�7HFKQ൴FDO�6F൴HQFHV��6HOFXN�8QLYHUVLW\��.RQ\D��7XUNH\

&RUUHVSRQGLQJ�$XWKRU��\NDQ#VHOFXN�HGX�WU��

6LGHULWLV� /�� EHORQJV� WR� WKH� IDPLO\� RI� /DPLDFHDH�
�/DELDWDH��ZKLFK� LV�RQH�RI� WKH�PRVW�FRPPRQ�DQG�GLYHUVH�
SODQWV�RI�WKH�ZRUOG��2YHU�����VSHFLHV�RI�WKH�JHQXV�6LGHULWLV�
DUH�PDLQO\�IRXQG�LQ�WKH�0HGLWHUUDQHDQ�DUHD���7KH�DHU൴DO�SDUWV�
RI� SODQWV� IURP� WKH� JHQXV� 6൴GHU൴W൴V�� JHQHUDOO\� NQRZQ� DV�

PRXQWD൴Q�WHD
��DUH�Z൴GHO\�XVHG�DV�D�SRSXODU�IRON�PHG൴F൴QH�൴Q�
6SD൴Q��*UHHFH�DQG�7XUNH\��7KH�JHQXV�6൴GHU൴W൴V�൴V�UHSUHVHQWHG�
൴Q�WKH�7XUN൴VK�ÀRUD�E\����VSHF൴HV�����RI�ZK൴FK�DUH�HQGHP൴F�
�'HP൴UWDú�HW�DO���������൴QFOXG൴QJ�6൴GHU൴W൴V�O൴EDQRW൴FD�/DE൴OO��
VVS��O൴QHDU൴V��%HQWKDP��%RUP��6൴GHU൴W൴V�VSHF൴HV�DUH�XVHG� �൴Q�
WKH�WUHDWPHQW�RI�JDVWUR൴QWHVW൴QDO�D൴OPHQWV�DQG�FRPPRQ�FROGV�
DV�ZHOO� DV�D�KHUEDO� WHD� ൴Q�7XUN൴VK� IRON�PHG൴F൴QH� �%D\WRS��
������ <HV൴ODGD� HW� DO��� ������� 6HYHUDO� VWXGLHV� KDYH� EHHQ�
FRQGXFWHG� RQ� YDULRXV� ELRORJLFDO� DFWLYLWLHV� RI� 6LGHULWLV�
V S H F L H V � V X F K � D V D Q W ൴P ൴ F U R E ൴ D O � � D Q W ൴ R [ ൴ G D Q W ���
DQW൴൴QÀDPPDWRU\�� DQW൴VSDVPRG൴F�� DQW൴XOFHUDW൴YH�� QHUYRXV�
V\VWHP�VW൴PXODQW�DQW൴FRQYXOVDQW��FDUP൴QDW൴YH��DQDOJHV൴F�DQG�
VHGDW൴YH�HIIHFWV��dDUÕNoÕ�HW�DO���������*�P�úF��HW�DO���������
øúFDQ�HW�DO���������7HSH�HW�DO���������*RQ]DOHV�HW�DO���������
0DQ\�FKHP൴FDO�FRQVW൴WXHQWV�KDYH�EHHQ�൴GHQW൴¿HG�൴Q�V൴GHU൴W൴V�
JHQXV� VXFK� DV� WHUSHQHV��ÀDYRQR൴GV�� HVVHQW൴DO� R൴O�� ൴U൴GR൴GV��
FRXPDU൴QV��O൴JQDQHV�DQG�VWHUROV���'൴WHUSHQHV��ÀDYRQR൴GWV�DQG�
HVVHQW൴DO�R൴O�RFXU�൴Q�DOPRVW�HYHU\�VSHF൴HV��,Q�IDFW��WKH\�DUH�WKH�
PD൴Q�SHVSRQV൴EOH�IRU�WKH�SKDUPDFRORJ൴FDO�DFW൴Y൴W\��6൴GHU൴W൴V�
VSHF൴HV� JURZQ� ൴Q� 7XUNH\� DUH� KDV� JRW� D� U൴FK� \൴HOG� DQG�
FRPSRV൴W൴RQV�RI�HVVHQW൴DO�R൴OV�

7KLV� VWXG\� ZDV� FDUULHG� RXW� WR� GHWHUPLQH� HVVHQWLDO� RLO�
\LHOGV�DQG�FRPSRVLWLRQV�RLO�IURP�WZR�HQGHPLF�PRXQWDLQ�WHD�
VSHFLHV�FXOWLYDWHG�LQ�.RQ\D��7XUNH\��

0DWHU൴DOV�DQG�0HWKRGV
3ODQW� PDWHU൴DO�� 6൴GHU൴W൴V� E൴OJHUDQD� DQG� 6൴GHU൴W൴V�

O൴ERQ൴W൴FD�ZHUH�FXOW൴YDWHG�DW� WKH�0HG൴F൴QDO�3ODQW�)DUP�� ൴Q�
.RQ\D��7XUNH\���7KH�VSHF൴HV�ZHUH�൴GHQW൴¿HG�E\�'U��+D\U൴�
'XPDQ�� DW� *D]൴� 8Q൴YHUV൴W\�� 9RXFKHU� VSHF൴PHQV� ZHUH�
GHSRV൴WHG�DW�WKH�+HUEDU൴XP�RI�)DFXOW\�RI�$JU൴FXOWXUH��6HOoXN�
8Q൴YHUV൴W\��.RQ\D��7XUNH\�

(VVHQWLDO�RLO�\LHOG������3ODQW�VDPSOHV�WR�EH�XVHG�LQ�WKH�
DQDO\VLV�RI�HVVHQWLDO�RLO�ZHUH�KDUYHVWHG�LQ�ÀRZHULQJ�SHULRG��
7KH�HVVHQW൴DO�R൴OV�ZHUH�REWD൴QHG�E\�K\GURG൴VW൴OODW൴RQ�XV൴QJ�D�
&OHYHQJHU�W\SH�DSSDUDWXV�IRU���K�� IURP�DHU൴DO�SDUWV�RI� WKH�
6൴GHU൴W൴V�O൴ERQRW൴FD� �DQG�6൴GHU൴W൴V�E൴OJHUDQD��7KH�R൴O�\൴HOGV�
ZHUH�FDOFXODWHG�RQ�D�GU\�ZH൴JKW�EDV൴V�DV������DQG��������
UHVSHFW൴YHO\�

'HWHUPLQDWLRQ�RI�HVVHQWLDO�RLO�FRPSRQHQWV��$IWHU�WKH�
HVVHQWLDO�RLO�ZDV�REWDLQHG��HVVHQWLDO�RLO�ZDV�LGHQWL¿HG�WR�WKH�
*&�06� WR� GHWHUPLQH� LWV� FRPSRQHQWV�� 7KH� FKHP൴FDO�
FRPSRV൴W൴RQ�RI�6LGHULWLV�O৻EDQRW৻FD�DQG�6LGHULWLV�ELOJHUDQD�
HVVHQW൴DO�R൴O�ZDV�SHUIRUPHG�E\�*&�06��7KH�FRPSRV൴W൴RQ�RI�
WKH� HVVHQW൴DO� R൴O� ZDV� FDOFXODWHG� DV� SHUFHQWDJH�� 7KH�
൴GHQW൴¿FDW൴RQ�RI�HVVHQW൴DO�R൴O�FRPSRQHQWV�ZDV�FDUU൴HG�RXW�E\�
FRPSDU൴VRQ�RI�WKH�REWD൴QHG�PDVV�VSHFWUD�Z൴WK�WKH�1,67�DQG�
:൴OH\�O൴EUDU\��

5HVXOWV�DQG�'൴VFXVV൴RQ
7KH�HVVHQW൴DO�R൴O�\൴HOG�RI�FXOW൴YDWHG�6൴GHU൴W൴V�O൴ERQ൴W൴FD�

/DE൴OO��ÀRZHUV�ZDV��������ZK൴OH�WKH�HVVHQW൴DO�R൴O�\൴HOG�RI�
6൴GHU൴W൴V� E൴OJHUDQD� 3�+�� 'DY൴V� ÀRZHUV� ZDV� ������� 7KH�
SHUFHQWDJH� FRQVW൴WXHQWV� RI� HVVHQW൴DO� R൴OV� IURP� FXOW൴YDWHG�
6LGHULWLV� O৻EDQRW৻FD� � DQG� 6LGHULWLV� ELOJHUDQD� ZHUH� J൴YHQ��
7DEOH���

7KH�HVVHQW൴DO�R൴OV�RI�6��E৻OJHUDQD�DQG�6৻GHU৻W৻V�O৻ERQRW৻FD�
ZHUH�DQDO\]HG�ERWK�E\�*&�DQG�*&�06�WR�GHWHUP൴QH�WKH൴U

�

���

$EVWUDFW

.H\ZRUGV��0RXQWD൴Q�WHD��6৻GHU৻W৻V��(VVHQW൴DO�R൴O��&RPSRV൴W൴RQ��(QGHP൴F
5HFHLYHG����������������������������$FFHSWHG����������������������������3XEOLVKHG��RQO൴QH��������������

,QWURGXFWLRQ���

�

5HVHDUFK�$UWLFOH
ZZZ�MDHIV�FRP-$()6

,QWHUQDW൴RQDO�-RXUQDO�RI
$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

�H�,661������������ '2,�����������MDHIV������

,QW�-�$JULF�(QYLURQ�)RRG�6FL����6SHFLDO�,VVXH�������������������
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&LWH�WKLV�DUWLFOH�DV����.DQ��<���.DQ��$���$\UDQ��,���&HOLN��$�6����������(VVHQWLDO�RLO�\LHOG�DQG�FRPSRVLWLRQV�RI�HQGHPLF�PRXQWDLQ�WHD��6LGHULWLV�
OLEDQRWLFD�/DELOO��VVS��OLQHDULV��%HQWKDP��%RUP��DQG� �6LGHULWLV�ELOJHUDQD�3�+��'DYLV��FXOWLYDWHG�LQ�.RQ\D�HFRORJLFDO�
FRQGLWLRQV�RI�7XUNH\��,QW��-��$JU൴F��(QY൴URQ��)RRG�6F൴������6SHF൴DO�,VVXH��������������'2,�����������MDHIV������

$YD൴ODEOH�RQO൴QH�DW���� ��� �ZZZ�MDHIV�FRP KWWS���GHUJ൴SDUN�JRY�WU�MDHIV
��&RS\U൴JKW����������,QWHUQDW൴RQDO�-RXUQDO�RI�$JU൴FXOWXUH��(QY൴URQPHQW�DQG�)RRG�6F൴HQFHV

,Q�WKLV�VWXG\��LW�ZDV�LQYHVWLJDWHG�HVVHQWLDO�RLO�\LHOG�DQG�FRPSRVLWLRQV�RI�HQGHPLF�PRXQWDLQ�WHD��6LGHULWLV�O৻EDQRW৻FD�/DELOO��
DQG� 6LGHULWLV� ELOJHUDQD�3�+�� 'DYLV�� FXOWLYDWHG� LQ� .RQ\D� HFRORJLFDO� FRQGLWLRQV�� 7XUNH\��7KH� HVVHQWLDO� RLO� \LHOG� RI�
FXOWLYDWHG�6LGHULWLV�OLERQLWLFD�/DELOO��ÀRZHUV�ZDV��������ZKLOH�WKH�HVVHQWLDO�RLO�\LHOG�RI�6LGHULWLV�ELOJHUDQD�3�+��'DYLV�
ÀRZHUV�ZDV��������7KH�KLJKHVW�HVVHQWLDO�RLO�FRPSRQHQWV�ZHUH�GHWHUPLQHG�DV���������ȕ�SLQHQH����������Į�SLQHQH�IURP�
6৻GHU৻W৻V�E৻OJHUDQD�3�+��'DY൴V����������KH[DGHFDQRLF�DFLG�DQG�������� FDGLQHQH�IURP�6LGHULWLV�OLERQLWLFD�/DELOO��į�
$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WKLV�VWXG\��LW�ZDV�GHWHUPLQHG�WKDW�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�HVVHQWLDO�RLO�\LHOG�DQG�
FRPSRQHQWV�RI�FXOWLYDWHG�WKH�HQGHPLF�PRXQWDLQ�WHD�VSHFLHV�LQ�.RQ\D�HFRORJLFDO�FRQGLWLRQV�ZHUH�GHWHUPLQHG�
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FRQVW൴WXHQWV� �7DEOH� ���� $V� D� UHVXOW� RI� *&� DQG� *&�06�
DQDO\VHV�� ��� DQG� ��� FRPSRQHQWV� ZHUH� ൴GHQW൴¿HG��
UHSUHVHQW൴QJ��������DQG����������RI� WKH� WRWDO�IRU�ERWK�6��
E৻OJHUDQD� DQG� 6�� O৻ERQRW৻FD� R൴OV�� UHVSHFW൴YHO\�� *&�06�
DQDO\VHV�RI�WKH�R൴OV�KDYH�UHYHDOHG�WKH�RFFXUUHQFH�RI�ȕ��S൴QHQH�
���������DQG�Į��S൴QHQH�����������DV�WKH�PD൴Q�FRQVW൴WXHQWV�RI�
6��E৻OJHUDQD�� �į�FDG൴QHQH����������DQG��KH[DGHFDQR൴F�DF൴G�
���������ZDV�DOVR�FKDUDFWHU൴]HG�DV�D�PD൴Q�FRPSRQHQW�൴Q�WKH�
R൴O� RI� 6�O৻ERQRW৻FD�� 7R� WKH� EHVW� RI� RXU� NQRZOHGJH�� WKH�
O൴WHUDWXUH�FRQWD൴QV�QR�൴QIRUPDW൴RQ�RQ�WKH�HVVHQW൴DO�R൴O�IURP�6��
O৻EDQRW৻FD� � DQG� 6�� E৻OJHUHQD� SURGXFHG� ൴Q� WKH� FRQWURO� RI�
FXOW൴YDW൴RQ�FRQG൴W൴RQV��:൴WK�൴W��,VFDQ�HW�DO���������UHSRUWHG�ȕ��
S൴QHQH� ���������� DQG� Į� �S൴QHQH� ���������� � DV� WKH�PD൴Q�
FRQVW൴WXHQWV� RI� 6�� E৻OJHUDQD� FROOHFWHG� IURP� QDWXUDOO\�
JURZ൴QJ� ൴Q� ÀRUD� RI� 7XUNH\�� 7KH� HVVHQWLDO� RLO� \LHOG� DQG�
FRPSRVLWLRQ�RI�LV�KLJKO\�FRXOG�EH�LQÀXHQFHG�E\�JHQHWLF�DQG�
HQYLURQPHQWDO� IDFWRUV�� FXOWLYDWLRQ� DQG� HFRORJLFDO�
FRQGLWLRQV�

&RQFOXVLRQ�
$FFRUG൴QJ�WR�WKH�UHVXOWV�RI�WK൴V�VWXG\��൴W�ZDV�GHWHUP൴QHG�

WKDW�V൴JQ൴¿FDQW�G൴IIHUHQFHV�EHWZHHQ�HVVHQW൴DO�R൴O�\൴HOG�DQG�
FRPSRQHQWV�RI�WKH�HQGHP൴F�PRXQWD൴Q�WHD�VSHF൴HV�FXOW൴YDWHG�
൴Q�.RQ\D�HFRORJ൴FDO�FRQG൴W൴RQV�DFFRUGLQJ�WR�6LGHULWLV�VSS��
JURZQ�LQ�QDWXUDO�ÀRUD�

5HIHUHQFHV�

'HP൴UWDV��,���$\KDQ��%���6DK൴Q��$���$NV൴W��+���(OPDVWDV��0��7HOF൴��,����������
$QW൴R[൴GDQW�DFW൴Y൴W\�DQG�FKHP൴FDO�FRPSRV൴W൴RQ�RI�6൴GHU൴W൴V�O൴EDQRW൴FD�
/DE൴OO�� VVS�� O൴QHDU൴V� �%HQWKDP��%RUP�� �/DP൴DFHDH���1DWXUDO�3URGXFW�
5HVHDUFK���������������±�����

%D\WRS�� 7�� �������� 7KHUDS\� Z൴WK� PHG൴F൴QDO� SODQWV� ൴Q� 7XUNH\� �SDVW� DQG�
SUHVHQW���,VWDQEXO��1REHO�7൴S�3XEO൴FDW൴RQV�

<HV൴ODGD��(���+RQGD��*���6H]൴N��(���7DEDWD��0���)XM൴WD��7���7DQDND��7���7DNHGD��
<��� 7DND൴VK൴�� <�� �������� 7UDG൴W൴RQDO� PHG൴F൴QH� ൴Q� 7XUNH\� 9�� )RON�
PHG൴F൴QH�൴Q�൴QQHU�7DXUXV�PRXQWD൴QV��-RXUQDO�RI�(WKQRSKDUPDFRORJ\��
�������±����

&DU൴NF൴��6���.൴O൴F��7���$]൴]RJOX��$���7RSFX��*����������&KHP൴FDO�FRQVW൴WXHQWV�
RI�WZR�HQGHP൴F�V൴GHU൴W൴V�VSHF൴HV�IURP�WXUNH\�Z൴WK�DQW൴R[൴GDQW�DFW൴Y൴W\��
5HF��1DW��3URG����������������

*XPXVFX�� $��� 7XJD\�� 2��� .DQ�� <�� �������� &RPSDU൴VRQ� RI� HVVHQW൴DO� R൴O�
FRPSRV൴W൴RQV�RI�VRPH�QDWXUDO�DQG�FXOW൴YDWHG�HQGHP൴F�V൴GHU൴W൴V�VSHF൴HV��
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