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JRP�QL]X�DUHQD��&�+�&+����8�GRVDGD^QMLP�LVWUDCLYDQMLPD�XWYU_HQR�MH�WR �
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NRQIX]LMX��%HQ]HQ�L�QMHJRYL�DQDOR]L�X�YHOLNLP�NROLaLQDPD�GRYRGH�GR�GH �
SUHVLMH�&16�D��DOL�QMLKRY�JODYQL�HIHNDW�VH�RJOHGD�X�SRUHPH`DMX�KHPDWR �

SRH]H��2VWYDUXMX�GYD�PHKDQL]PD�GHORYDQMD�QD�`HOLMH�NRVWQH�VUCL�¬�WRNVLaQR

L�QHRSODVWLaQR��+URQLaQR�L]ODJDQMH�EHQ]HQX�L�QMHJRYLP�GHULYDWLPD�GRYRGL
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XVOHG�DSOD]LMH�NRVWQH�VUCL�L�GR�VPUWL��'XJRWUDMQD�DSODVWLaQD�DQHPLMD�SUHOD]L

X�SUHOHXNHPLaQR�VWDQMH��PLMHORGLVSOD]LMD��L�PRCH�GD�SURJUHGLUD�X�DNXWQX

PLMHORLGQX�OHXNHPLMX��8�VWXGLMDPD�NDNR�QD�OMXGLPD��WDNR�L�QD�CLYRWLQMDPD

GRND]DQR�MH�GD�VWHSHQ�R^WH`HQMD�NRVWQH�VUCL�]DYLVL�RG�GR]H�EHQ]HQD��,Q�YLYR

L]ODJDQMH�CLYRWLQMD�EHQ]HQX�GRYRGL�GR�LQKLELFLMH�UDVWD�L�UD]YRMD�SOXULSRWHQW�

QLK�VWHP�`HOLMD�NRVWQH�VUCL�NDR�L�LQKLELFLMH�UDVWD�]UHOLMLK�SUHNXUVRUD��PL�

MHORLGQLK�L�HULWURFLWQLK���2VLP�WRJD�PHWDEROLWL�EHQ]HQD�LPDMX�WRNVLaQR

GHMVWYR�QD�YH`LQX�SUHNXUVRUVNLK�`HOLMD�L�X�LQ�YLWUR�XVORYLPD��'RND]DQR�MH

GD�EHQ]HQ�L�QMHJRYL�GHULYDWL�VPDQMXMX�EURM�VWURPDOQLK�̀ HOLMD�NRVWQH�VUCL�NRG

PL^HYD�NDNR�LQ�YLWUR��WDNR�L�X�LQ�YLYR�XVORYLPD��D�SR]QDWR�MH�GD�MH�]D�UD]�

YRM�VWHP�`HOLMD�X�NRVWQRM�VUCL�SRWUHEQR�SULVXVWYR�IXQNFLRQDOQH�KHPDWRSRHW�

VNH�PLNURVUHGLQH��6WDQMD�VOLaQD�PLMHORSODVWLaQRP�VLQGURPX�NRG�SUHCLYHOLK

RG�EHQ]HQ�LQGXNRYDQH�DSODVWLaQH�DQHPLMH�SULPH`HQD�VX�NRG�OMXGL�NRML�VX

]ERJ�QHRSOD]LMH�WUHWLUDQL�UD]QLP�DONLOLUDMX`LP�DJHQVLPD�
6YH�L]QHWR�MDVQR�JRYRUL�R�SRWHQFLMDOQLP�WRNVLaQLP�HIHNWLPD�EHQ]HQD

L�QMHJRYLK�GHULYDWD��2E]LURP�GD�MH�WROXHQ�DONLOEHQ]HQ�YHRPD�UDVSURVWUDQMHQ

X�LQGXVWULML�CHOHOL�VPR�GD�LVSLWDPR�GD�OL�̀ H�LPDWL�XWLFDM�QD�EURM�NUYQLK�̀ HOLMD

SDFRYD�

&LOM�RYRJ�LVWUDCLYDQMD�ELR�MH�GD�VH�LVSLWD�GD�OL�L]ODJDQMH�WROXROX�GRYRGL

GR�SURPHQH�NUYQH�VOLNH�SDFRYD�

0DWHULMDO�L�PHWRGH

,VWUDCLYDQMH�MH�L]YHGHQR�QD����RGUDVOLK�*XQQ�SDFRYD�CHQVNRJ�SROD�NRML

VX�ELOL�SRGHOMHQL�X�SHW�JUXSD��-HGQD�JUXSD�MH�ELOD�NRQWUROQD��D�aHWLUL�HN�

VSHULPHQWDOQH�NRMH�VX�ELOH�L]ORCHQH�SDUDPD�WROXROD�UDVWX`LK�NRQFHQWUDFLMD�

.RQWUROQD�JUXSD�MH�ELOD�L]ORCHQD�SDUDPD�MHVWLYRJ�VXQFRNUHWRYRJ�XOMD�NRMH

MH�NRUL^`HQR�NDR�UDVWYDUDa�]D�WROXRO��3RYU^LQD�NDYH]D��RVLP�KUDQLOLFH��ELOD

MH�SRNULYHQD�SDSLUQRP�YDWRP�QDWRSOMHQRP�WROXRORP��$OXPLQLMXPVND�IROLMD

MH�VWDYOMDQD�SUHNR�SDSLUQH�YDWH�L�WDNR�MH�VSUHaHQR�LVSDUDYDQMH�WROXROD�YDQ

NDYH]D�L�RPRJX`HQR�GD�SDFRYL�XGL^X�PDNVLPDOQX�NROLaLQX�WROXROD��6YDNRJ

GDQD�X�WRNX�SHW�GDQD��NROLNR�MH�WUDMDOD�HNVSR]LFLMD��WUHWLUDQL�VX�SDFRYL�LV�

SDUHQMHP����PO�UDVWYRUD�VOHGH`LK�NRQFHQWUDFLMD��,�JUXSD�¬��������,,�JUXSD

¬�����,,,�JUXSD�¬�����,9�JUXSD�¬�����
3DFRYLPD�MH�NUY�YD_HQD�L]�UHSQH�YHQH��D�EURM�NUYQLK�`HOLMD�MH�RGUHGL�

YDQ�VWDQGDUGQLP�PHWRGDPD�
¬ EURM�HULWURFLWD�L�OHXNRFLWD�X�%LUNHU�7LUNRYRM�NRPRUL�
¬ EURM�WURPERFLWD�)RQLHYRP�PHWRGRP�X�RERMHQRP�NUYQRP�UD]PD]X
¬ UHODWLYQD�OHXNRFLWQD�IRUPXOD�X�RERMHQRP�NUYQRP�UD]PD]X�PHWR�

GRP�ERMHQMD�0D\�*UXHQZDOG�*LHPVD�
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8�WDEHOL���SULND]DQL�VX�YUHGQRVWL�EURMD�WURPERFLWD�SUH�L�QDNRQ�SHW

GDQD�HNVSR]LFLMH��NDR�L�EURMD�HULWURFLWD�L�OHXNRFLWD�QDNRQ�SHW�GDQD�L]ODJDQMD

LVSDUHQMLPD�WROXROD��5H]XOWDWL�GRELMHQL�REUDGRP�RYLK�SRGDWDND�SULND]DQL�VX

JUDILFLPD�$��%�L�&�QD�VOLFL����NRML�SULND]XMX�SRVOHGLFH�GHMVWYD�WROXROD�QD

EURM�NUYQLK�`HOLMD�NRG�WUHWLUDQLK�SDFRYD�
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�%URM�HULWURFLWD�L�OHXNRFLWH�PHUHQ�MH�VDPR�QDNRQ�SHWRJ�GDQD

3URPHQD�EURMD�WURPERFLWD�SULND]DQD�MH�QD�JUDILNX��$��JGH�VYDND
WDaND�QD�JUDILNX�SUHGVWDYOMD�VUHGQMX�YUHGQRVW�NRMD�MH�GRELMHQD�L]�WUL�HN�

VSHULPHQWD�L�UD]OLND�MH�UH]XOWDWD�EURMD�WURPERFLWD�SRVOH�L�SUH�HNVSR]LFLMH�
8RaDYD�VH�WHQGHQFLMD�VPDQMHQMD�EURMD�WURPERFLWD�VD�SRYH`DQMHP�NRQFHQ�

WUDFLMH�WROXROD�
%URM�HULWURFLWD�QDNRQ�SHWRJ�GDQD�SULND]DQ�MH�QD�JUDILNX��%��%URM

HULWURFLWD�QLMH�VH�PHQMDR�X�RGQRVX�QD�NRQWUROQX�JUXSX�RVLP�X�GUXJRM�JUXSL

JGH�MH�EURM�HULWURFLWD�]QDWQR�PDQML�X�RGQRVX�QD�RVWDOH�JUXSH��6YDND�VUHGQMD

YUHGQRVW�SUHGVWDYOMHQD�MH�WDaNRP�L�GRELMHQD�MH�L]�WUL�HNVSHULPHQWD��D�SUHG�
VWDYOMD�EURM�HULWURFLWD�SRVOH�HNVSR]LFLMH�

%URM�OHXNRFLWD�QDNRQ�SHWRJ�GDQD�SULND]DQ�MH�JUDILNRP�QD�JUDILNX��&�

.DR�L�NRG�HULWURFLWD�X�GUXJRM�JUXSL�SRVWRML�YH`H�RGVWXSDQMH�EURMD�OHXNRFLWD
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QDNRQ�SHWRJ�GDQD

&��%URM�OHXNRFLWD
QDNRQ�SHWRJ�GDQD

)LJXUH���
(IIHFWV�RI�UDW�V
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$��3URPHQD
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X�RGQRVX�QD�RVWDOH�JUXSH��7DaNRP�MH�SUHGVWDYOMHQD�VYDND�VUHGQMD�YUHGQRVW

NRMD�MH�GRELMHQD�L]�WUL�HNVSHULPHQWD�L�SUHGVWDYOMD�EURM�OHXNRFLWD�QDNRQ�SHW
GDQD�HNVSR]LFLMH�

*UDILFL�QD�VOLFL���SULND]XMX�SURPHQH�QD�UHODWLYQRM�OHXNRFLWQRM�IRUPXOL�
WM��SURPHQH�UHODWLYQRJ�RGQRVD�UD]OLaLWLK�YUVWD�OHXNRFLWD�¬�OLPIRFLWD��QHXWUR�
ILOD�L�PRQRFLWD��HR]LQRILOL�L�ED]RILOL�QLVX�X]HWL�X�RE]LU�EXGX`L�GD�LK�X�NUYL
SDFRYD�LPD�X�PDORP�EURMX���6YDND�WDaND�QD�JUDILNX�SUHGVWDYOMD�VUHGQMX

YUHGQRVW�NRMD�MH�GRELMHQD�L]�WUL�HNVSHULPHQWD�L�UD]OLND�MH�UH]XOWDWD�UHODWLY�
QRJ�EURMD�OLPIRFLWD��QHXWURILOD�L�PRQRFLWD�SHW�GDQD�QDNRQ�L�SUH�HNVSR]LFLMH�

1D�JUDILNX��$�VH�YLGL�SURPHQD�UHODWLYQRJ�EURMD�OLPIRFLWD��8RaOMLYR�MH

GD�X�JUXSL�NRMD�MH�WUHWLUDQD�UDVWYRURP�WROXROD�QDMYH`H�NRQFHQWUDFLMH������
SRVWRML�]QDWQR�VPDQMHQMH�OLPIRFLWD�X�RGQRVX�QD�RVWDOH�JUXSH��1D�JUDILFLPD
�%�L��&��JGH�VX��SULND]DQH�SURPHQH�UHODWLYQRJ�EURMD�QHXWURILOD�L�PRQRFLWD

YLGL�VH�GD�VD�SRYH`DQMHP�NRQFHQWUDFLMH�WROXROD�QHXWURILOL�L�PRQRFLWL�LPDMX
WHQGHQFLMX�SRYH`DQMD�

'LVNXVLMD

7ROXRO�XWLaH�QD�NRVWQX�VUC�WDNR�^WR�UHPHWL�JHQH]X�`HOLMD�L�WLPH�PHQMD
EURM�`HOLMD��9UHGQRVWL�GRELMHQLK�UH]XOWDWD�SRND]DOH�VX�GD�VH�EURM�WURPERFLWD
X�SHULIHUQRM�NUYL�VPDQMXMH�VD�SRYH`DQMHP�NRQFHQWUDFLMH�WROXROD�X�YD]GXKX�

=DQLPMLYR�MH�GD�MH�X�JUXSL�NRMD�MH�ELOD�L]ORCHQD����WQRP�UDVWYRUX�WROXROD
VPDQMHQMH�EURMD�WURPERFLWD�ELOR�YH`H�QHJR�X�JUXSL�NRMD�MH�WUHWLUDQD�����
WQLP�UDVWYRURP�WROXROD��^WR�MH�YHURYDWQR�SRVOHGLFD�PDORJ�X]RUND��

.DNR�PHJDNDULRFLWRSRH]D�NRG�SDFRYD�WUDMH�����GDQD��PRCH�VH�]DN�
OMXaLWL�GD�MH�GR�WURPERFLWRSHQLMH��WM��VPDQMHQMD�WURPERFLWD��GR^OR�L]�GYD�UD�

]ORJD�¬�]ERJ�WRNVLaQRJ�GHMVWYD�WROXROD�QD�]UHOH�WURPERFLWH�L�]ERJ
VPDQMHQMD�SURGXNWLYQRVWL�NRVWQH�VUCL��6�RE]LURP�GD�QLVX�X]HWL�X]RUFL�NRVWQH
VUCL�X�NRMLPD�EL�VH�PRJDR�RGHGLWL�WDaDQ�EURM�PHJDNDULRFLWD�QLMH�PRJX`H
SRX]GDQR�UH`L�GD�OL�MH�RVQRYQL�WRNVLaQL�HIHNDW�WROXROD�LVSROMHQ�QD�PH�

JDNDULRFLWH�LOL�]UHOH�WURPERFLWH�X�NUYL��
%URMDQMHP�HULWURFLWD�L�OHXNRFLWD�X�NRPRUL�SRVOH�HNVSR]LFLMH�XWYU_HQR

MH�GD�QH�SRVWRMH�YHOLNH�YDULMDFLMH�SR�HNVSHULPHQODQLP�JUXSDPD�SDFRYD�

,]X]HWDN�aLQL�GUXJD�JUXSD��NRG�NRMH�VX��L]�QDPD�QHSR]QDWLK�UD]ORJD��YUHG�
QRVWL�HULWURFLWD�L�OHXNRFLWD�]QDWQR�QLCH�X�RGQRVX�QD�VYH�RVWDOH�JUXSH��6�RE]�
LURP�GD�WROXRO�GRYRGL�GR�DSOD]LMH�NRVWQH�VUCL��SURL]LOD]L�GD�GR�SURPHQH

EURMD�HULWURFLWD�L�OHXNRFLWD�QLMH�GR^OR�]ERJ�NUDWNRJ�SHULRGD�HNVSR]LFLMH�
1DLPH��CLYRWQL�YHN�HULWURFLWD�L]QRVL�RNR�����GDQD��WDNR�GD�VH�]D���GDQD
QMLKRY�EURM�X�SHULIHUQRM�NUYL�QH�VPDQMXMH�]QDaDMQR��aDN�L�NDGD�MH�NRVWQD

VUC�YHRPD�R^WH`HQD��
3URPHQH�UHODWLYQH�OHXNRFLWQH�IRUPXOH�SRND]XMX�GD�QHXWURILOL�L�PRQR�

FLWL�LPDMX�WHQGHQFLMX�SRYH`DQMD��D�GD�MH�X�aHWYUWRM�JUXSL��NRMD�MH�ELOD
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L]ORCHQD�����WQRP�UDVWYRUX�WROXROD��]QDWQR�RSDR�EURM�OLPIRFLWD�^WR�QDYRGL
QD�]DNOMXaDN�GD�VX�OLPIRFLWL�RVHWOMLYLML�QD�WROXRO�RG�RVWDOLK�OHXNRFLWD�

=DNOMXaDN

2YLP�HNVSHULPHQWRP�XWYU_HQR�MH�GD�WROXRO�GRYRGL�GR�VPDQMHQMD�EURMD
WURPERFLWD�L�X�NUDWNRP�SHULRGX�HNVSR]LFLMH��8�LVWLP�XVORYLPD�QLMH�]DSDCH�
QD�SURPHQD�EURMD�OHXNRFLWD�L�HULWURFLWD��QDMYHURYDWQLMH�]ERJ�WRJD�^WR�MH�QML�
KRY�CLYRWQL�YHN�GXCL�QHJR�NRG�WURPERFLWD��9HURYDWQR�EL�VH�QMHJRY�XWLFDM
QDNRQ�GXCHJ�WUHWPDQD�RGUD]LR�L�QD�RYH�`HOLMH��,VWRYUHPHQR��GR^OR�MH�GR
VPDQMHQMD�EURMD�OLPIRFLWD�X�JUXSL�L]ORCHQRM�QDMNRQFHQWURYDQLMHP�UDVWYRUX
WROXROD��^WR�XND]XMH�GD�VX�RYH�`HOLMH�RVHWOMLYLMH�QD�WROXRO�RG�RVWDOLK�`HOLMD
EHOH�NUYQH�OR]H�

/LWHUDWXUD

*RRGPDQ�DQG�*LOPDQ��������7KH�SKDUPDFDORJLFDO�%DVLV�RI�7KHUDSHXWLFV�
,;�HG��0F*UDZ�+LOO��SS����������

.ODDVVHQ��&�'��������7R[LFRORJ\��WKH�EDVLF�VFLHQFH�RI�SRLVRQV��9�HG�
0F*UDZ�+LOO��SS���������

5XVRY��A��������2VQRYL�KHPDWRORJLMH�CLYRWLQMD��%HRJUDG�

-DVQD�*UPX^D

(IIHFW�RI�7ROXHQH�RQ�1XPEHU�RI�&HOOV�LQ�5DW±V�%ORRG

2UJDQLF�VROYHQWV��LQFOXGLQJ�WROXHQH��DUH�RIWHQ�XVHG�LQ�LQGXVWU\��7KHUH�
IRUH�SHRSOH�DUH�FRQVWDQWO\�H[SRVHG�WR�WKHLU�WR[LF�HIIHFW��7KH�DLP�RI�WKLV
VWXG\�ZDV�WR�H[DPLQH�ZKHWKHU�H[SRVLWLRQ�WR�YDSRXU�RI�WROXHQH��DV�RQH�RI
WKH�PRVW�IUHTXHQWO\�XVHG�VROYHQWV��LQFLWH�DOWHUDWLRQ�RI�UDW±V�EORRG�SLFWXUH�
$QLPDOV�ZHUH�GLYLGHG�LQ���JURXSV��7KH�ILUVW�RQH�ZDV�D�FRQWURO�JURXS�DQG
RWKHU���ZHUH�H[SRVHG�WR�WKH�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI�WROXHQH��6WDQGDUG
PHWKRGV�ZHUH�XVHG�WR�GHWHUPLQH�WKH�QXPEHU�RI�FHOOV�LQ�UDW±V�EORRG�EHIRUH
DQG�DIWHU���GD\V�RI�H[SRVLWLRQ��

,W�DSSHDUV�WKDW�WKURPERF\WHV�VKRZ�WHQGHQF\�RI�GHFUHDVLQJ�ZKHQ�FRQ�
FHQWUDWLRQ�RI�WROXHQH�LV�LQFUHDVLQJ��ILJXUH��$���,Q�VDPH�FRQGLWLRQV�PRQR�
F\WHV�DQG�QHXWURSKLOHV�DUH�LQFUHDVHG�DQG�QXPEHU�RI�O\PSKRF\WHV�LV
GHFUHDVHG��LQ�JURXS�ZKLFK�KDG�EHHQ�H[SRVHG�WR�WKH�KLJKHVW�FRQFHQWUDWLRQ
RI�WROXHQH��ILJXUH�����1XPEHU�RI�HU\WKURF\WHV�DQG�OHXNRF\WHV�ZHUH�GHWHU�
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PLQHG�DIWHU���GD\�RI�H[SRVLWLRQ�DQG�WKHUH�ZDV�QR�GLIIHUHQFH�ZKHQ�FRP�
SDUHG�WR�WKH�FRQWURO�JURXS��ILJXUHV��%�DQG��&���

([SRVHG�UDWV�KDYH�SUREDEO\�GLVSOD\HG�WKURPERF\WRSHQLD�EHFDXVH�RI
ERQH�PDUURZ�GDPDJH�DQG�WR[LF�HIIHFW�RI�WROXHQH�RQ�PDWXUH�WKURPERF\WHV
LQ�EORRG��([SRVHG�UDWV�KDYHQ±W�GLVSOD\HG�QRWLFDEOH�DQHPLD�DQG�OHXNRSHQLD
PRVW�OLNHO\�EHFDXVH�RI�ORQJHU�OLIH�RI�HU\WKURF\WHV�DQG�OHXNRF\WHV��,W�LV
SRVLEOH�WKDW�WKH�HIIHFW�RI�WROXHQH�RQ�WKHVH�FHOOV�ZRXOG�EH�FRQVLGHUDEOH�DIWHU
D�ORQJHU�SHULRG�RI�H[SRVLRQ����
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