
 

 

7RNVLVLWDV�,QVHNWLVLGD�2UJDQRIRVIDW�'DQ�.DUEDPDW 

7HUKDGDS�1\DPXN�$HGHV�DHJ\SWL 

(QGDQJ�3XML�$VWXWL��GDQ�5LWD�-XOLDZDWL� 

7R[LFLW\�RI�2UJDQRSKRVSKDWH�DQG�&DUEDPDWH��,QVHFWLFLGH�$JDLQVW� 

$HGHV�DHJ\SWL�0RVTXLWRHV 
 

$EVWUDFW��$HGHV�DHJ\SWL�PRVTXLWR� LV� LQFUHDVLQJ�SUREOHP�RI�SXEOLF�KHDOWK��EHLQJ� WKH�YHFWRU�

UHVSRQVLEOH� IRU� 'HQJXH� DQG� &KLNXQJXQ\D�� &KORUSLULIRV� �2UJDQRIRVIDW�� DQG� 0HWRQLO�

�&DUEDPDWH��ZHUH�NQRZQ�WR�SRVVHV�LQVHFWLFLGH�DFWLYLW\�DJDLQVW�LQVHFW��7KH�VWXG\�ZDV�DLPHG�

WR�H[DPLQH�HIIHFWLYHQHVV�RI�&KORUSLULIRV�DQG�0HWRQLO�DV�LQVHFWLVLGH�DJDLQVW�$H��DHJ\SWL�PRV�

TXLWR� &KORUSLULIRV� D� VLJQLILFDQWO\� KLJKHU� LQVHFWLFLGH� DFWLYLW\� DJDLQVW� $H�� DHJ\SWL� WKDQ�

0HWRQLO��7KH�PRVTXLWR�PRUWDOLW\�ZDV�REVHUYHG�DIWHU����K�H[SRVXUH��7KH�/&���YDOXH�RI�&KORU�

SLULIRV� DQG�0HWRQLO� ZHUH� �����PJ�OW� DQG� ������PJ�OW�� DJDLQVW� $H�� DHJ\SWL� � PRVTXLWR�� 7KH�

PL[HG�RI�ERWK�LQVHFWLFLGH�ZDV��/&���YDOXH��������PJ�OW��WKLV�UHVXOW�SURYH�WKDW�PL[HG�RI�ERWK�

LQVHFWLFHGH�QRW�VLQHUJLVP��7KH�UHVXOW�RI�WKLV�VWXG\�VXJJHVWHG�WKDW�&KORUSLULIRV�PRUH�HIIHFWLYH�

LQVHFWLFLGH�DJDLQVW�$H��DHJ\SWL��WKDQ�0HWRQLO� 

.H\�:RUGV���&XOH[�TXLQTXHIDVFLDWXV��LQVHFWLFLGH��FKORUSLULIRV��PHWRQLO����� 

3(1'$+8/8$1 

1\DPXN� DGDODK� VHUDQJJD� \DQJ�

GRPLQDQ� SHUDQDQQ\D� GDODP� NHVHKDWDQ�

PDV\DUDNDW�� 6HODPD� LQL� Q\DPXN� VHEDJDL�

YHNWRU�WHODK�PHQXODUNDQ�EHUEDJDL�SHQ\D�

NLW� VHSHUWL�PDODULD�� FKLNXQJXQ\D�� ILODULD�

VLV�� MDSDQHVH� HQFKHSKDOLWLV�� GDQ� GHPDP�

EHUGDUDK�GHQJXH��'%'��� 

6DODK� VDWX� Q\DPXN� \DQJ� PHQMDGL�

PDVDODK�NHVHKDWDQ�GL�GXQLD�DGDODK�$HGHV�

VSS�� \DQJ� SHUVHEDUDQQ\D� VDQJDW� OXDV��

VHODLQ� GLWHPXNDQ� GL� GDHUDK� SHUNRWDDQ�

�XUEDQ�� \DQJ� SDGDW� SHQGXGXN� MXJD�

GLWHPXNDQ� GL� GDHUDK� SHGHVDDQ� �UXUDO����

$HGHV� DHJ\SWL� GDQ�$H�� DOERSLFWXV� PHUX�

SDNDQ� YHNWRU� '%'� GDQ� FKLNXQJXQ\D��

\DQJ� VDPSDL� VDDW� LQL� NDVXV� NHVDNLWDQQ\D�

VHODOX�PHQLQJNDW�� 

.DVXV�'%'�SHUWDPD�NDOL�GLWHPXNDQ�

GL� NRWD� 6XUDED\D� VHMDN� WDKXQ� ������ QD�

PXQ� NRQILUPDVL� YLURORJLV� WHULGHQWLILNDVL�

SDGD�WDKXQ�������6HMDN�VDDW�LWX�'%'�PH�

Q\HEDU� NH� EHUEDJDL� GDHUDK�� VHKLQJJD�

VDPSDL� WDKXQ� ����� VHOXUXK� SURSLQVL� GL�

,QGRQHVLD�WHODK�WHUMDQJNLW�'%'���3HQLQJ�

NDWDQ� MXPODK�SHQGHULWD�'%'�LQL��GLNDUH�

QDNDQ� EHUEDJDL� IDNWRU� \DLWX� DGDQ\D�

NHPXGDKDQ� WUDQVSRUWDVL�� PHQLQJNDWQ\D�

MXPODK� SHUWXPEXKDQ� SHQGXGXN� GDQ� NX�

UDQJQ\D� NHVDGDUDQ� NHVHKDWDQ� GDUL��

PDV\DUDNDW�VHQGLUL�� 

%HUEDJDL� XSD\D� SHQJHQGDOLDQ� WHODK�

GLODNXNDQ� EDLN� VHFDUD� 6DODK� VDWX� XSD\D�

SHQJHQGDOLDQ� XQWXN� PHQXUXQNDQ� SRSX�

ODVL� Q\DPXN� \DQJ� EDQ\DN� GLSLOLK� DGDODK�

SHQJJXQDDQ� LQVHNWLVLGD�� NDUHQD� SUDNWLV��

HNRQRPLV� GDQ� KDVLOQ\D� PXGDK� WHUOLKDW�

�FHSDW� PHQXUXQNDQ� SRSXODVL��� 1DPXQ�

GLVLVL� ODLQ�� LQVHNWLVLGD� PHUXSDNDQ� UDFXQ�

\DQJ� GDSDW� PHQFHPDUL� OLQJNXQJDQ� GDQ�

GDSDW� PHQ\HEDENDQ� SHQLQJNDWDQ� UH�

VLVWHQVL� WHUKDGDS� Q\DPXN��� .DVXV� UH�

�� 3HQHOLWL�/RND�/LWEDQJNHV�3HQJHQGDOLDQ�3HQ\DNLW�%HUVXPEHU�%LQDWDQJ�&LDPLV 

�� 3HQJHOROD�3URJUDP�0DODULD�GDQ�3HQJHQGDOLDQ�9HNWRU��'LQDV�.HVHKDWDQ�3URSLQVL� 

.DOLPDQWDQ�7HQJDK 

�� 



 

 

VLVWHQVL� MXJD� GLODSRUNDQ� ROHK�:LGLDUWL� HW�

DO��������EDKZD�Q\DPXN�$QRSKHOHV�VXQ�

GDLFXV�GL�.RNDS��.DEXSDWHQ�.XORQSURJR�

',<� WHODK� PHQJDODPL� UHVLVWHQVL� VHEHVDU�

������� WHUKDGDS� JRORQJDQ� RUJDQRIRVIDW�

GDQ� NDUEDPDW�PHODOXL�PHNDQLVPH� HQ]LP�

HVWHUDVH�QRQ�VSHVLILN�� 

,QVHNWLVLGD� VHODLQ� PHQ\HEDENDQ�

SHQFHPDUDQ� OLQJNXQJDQ� MXJD� PHUDFXQL�

QRQ� WDUJHW� �PDPDOLD��� 3HQHOLWLDQ�5DKD\X�

HW�DO� ��������EDKZD�LQVHNWLVLGD�JRORQJDQ�

NDUEDPDW� PHPSHQJDUXKL� NHKDPLODQ�

PHQFLW�� 'RVLV� ����/'���PHQJDNLEDWNDQ�

SHQLQJNDWDQ� MXPODK� IHWXV�PDWL� SDGD�SHU�

ODNXDQ� XPXU� NHKDPLODQ� ��� KDUL�� VH�

GDQJNDQ�SDGD�XPXU�����DWDX����KDUL�PH�

Q\HEDENDQ� MXPODK� HPEULR� \DQJ� GLUH�

VRUSVL�PHQLQJNDW�� 

+DO� LQL� MXJD� GLGXNXQJ� GHQJDQ�

SHQHOLWLDQ� WHUKDGDS� JHMDOD� NHUDFXQDQ� LQ�

VHNWLVLGD�RUJDQRIRVIDW�GDQ�NDUEDPDW�SDGD�

SHWDQL�� $GDQ\D� SHQXUXQDQ� DNWLYLWDV� HQ�

]LP� DVHWLONROLQHVWHUDVH� �$&K(�� SDGD� ��

SHWDQL� ������� ��� GL� 'HVD� 6LVDODP�� ��

SHWDQL��������GL�'HVD�-DJDOHPSHQL�GDQ���

SHWDQL� ������� ��� GL� 'HVD� .HGXQJ8WHU��

*HMDOD� NHUDFXQDQ� VHSHUWL� VDNLW� NHSDOD��

SHQJOLKDWDQ� NDEXU�� PDWD� EHUDLU�� PXDO��

NUDP�� OHPDV��GDGD� WHUWHNDQ�� OHPDK��NDNX�

GDQ�RWRW�ZDMDK�NDNX�VHULQJ�GLGHULWD�VHED�

JLDQ� EHVDU� SHWDQL� ZDODXSXQ� NDQGXQJDQ�

$&K(�PDVLK�QRUPDO�� 

'L� ELGDQJ� LQGXVWUL� LQVHNWLVLGD�� EDQ�

\DN�GLOWHPXNDQ�EDKDQ�NLPLD�\DQJ� � OHELK�

WRNVLN�� DPDQ�� HNRQRPLV� GDQ� OHELK� VSH�

VLILN� WDUJHW� �VHVXDL� WDUJHW� VDVDUDQ���

3HQHPXDQ� EDKDQ� DNWLI� LQVHNWLVLGD� EDUX�

KDUXV� PHOHZDWL� XML� HILNDVL� \DLWX� GLOLKDW�

HIHNWLYLWDV�GD\D�EXQXK� WHUKDGDS�Q\DPXN�

VHVXDL� WDUJHW� GDQ� WRNVLNRORJL� WHUKDGDS�

QRQ�WDUJHW��� 

3HQHOLWLDQ�LQL�EHUWXMXDQ�PHQHQWXNDQ�

WRNVLVLWDV� IRUPXODVL� LQVHNWLVLGD� JRORQJDQ�

RUJDQRIRVIDW� �.ORUSLULIRV�� GDQ� NDUEDPDW�

�0HWRQLO��XQWXN�PHPEXQXK�DWDX�PHPEX�

DW� NQRFN� GRZQ� �SLQJVDQ�� Q\DPXN�$HGHV�

DHJ\SWL� GHQJDQ� PHWRGH� NRQWDN�� 6HODLQ�

LWX�� MXJD� XQWXN�PHQJHWDKXL� VLIDW� VLQHUJLV�

NHGXD�MHQLV�LQVHNWLVLGD�GDODP�PHPEXQXK�

Q\DPXN�YHNWRU� 

%$+$1�'$1�0(72'( 

 3HQHOLWLDQ� GLODNXNDQ� GL� ODERUDWRUL�

XP� )LVLRORJL� GDQ� 7RNVLNRORJL� 6HUDQJJD��

)DNXOWDV� 3HUWDQLDQ�� ,3%�%RJRU� VHODPD� ��

EXODQ� �$SULO� ������� ,QVHNWLVLGD� \DQJ�

GLJXQDNDQ� DGDODK� IRUPXODVL� EDKDQ� DNWLI�

.ORUSLULIRV� ���� �RUJDQRIRVIDW�� GDQ�

0HWRQLO� �NDUEDPDW�� EHUEDKDQ� DNWLI� ����

XQWXN� PHPDWLNDQ� DWDX� PHPEXDW� NQRFN�

GRZQ�Q\DPXN�$H��DHJ\SWL� 

0DVLQJ-PDVLQJ� IRUPXODVL� WLDS� SHU�

ODNXDQ�GLWHWHVNDQNDQ�GHQJDQ�SLSHW�VHFDUD�

PHUDWD� SDGD� NHUWDV� VDULQJ� \DQJ� GLOHWDN�

NDQ� PHOLQJNDU� PHQXWXSL� WDEXQJ� SODVWLN��

3HQHWHVDQ�GLODNXNDQ�GHQJDQ�JHUDNDQ�VSL�

UDO� GDUL� DUDK� OXDU� NH� GDODP��6HWHODK� NHU�

LQJ��NHUWDV�VDULQJ�GLOHWDNNDQ�GL�DWDV�NDFD� 

6HUDQJJD� XML� \DLWX� Q\DPXN�$H�� DH�

J\SWL� DGDODK�KDVLO� UHDULQJ� GL� LQVHNWDULXP�

)DNXOWDV�.HGRNWHUDQ�+HZDQ�,QVWLWXW�3HU�

WDQLDQ� %RJRU�� 1\DPXN� GLPDVXNNDQ� GD�

ODP� WDEXQJ� SODVWLN� \DQJ� WHUGDSDW� UHVLGX�

LQVHNWLVLGD� VHEDQ\DN� ��� HNRU� SDGD�PDV�

LQJ-PDVLQJ� SHUODNXDQ�� %DJLDQ� DWDV� WD�

EXQJ� WHUWXWXS�ROHK�NDLQ� NDVD�GDQ� OXEDQJ�

GLWXWXS� GHQJDQ� NDSDV� \DQJ� WHODK� GLWHWHVL�

GHQJDQ� ODUXWDQ�JXOD������NHPXGLDQ�GLD�

PDWL�NHPDWLDQQ\D�VHODPD����MDP� 

3HQJXMLDQ� XML� XQWXN� PHQHQWXNDQ�

WLQJNDW� NHSHNDDQ� DWDX� WRNVLVLWDV� LQVHNWL-

VLGD� WHUKDGDS� Q\DPXN� $H�� DHJ\SWL�� GLO�

DNXNDQ� GDODP� �� WDKDS� \DLWX� XML� SHQGD�

KXOXDQ� �SUHOLPLQDU\� WHVW�� GDQ� XML� ODQMX�

WDQ�� 

8ML� SHQGDKXOXDQ� EHUWXMXDQ� PHQHQ�

WXNDQ� UHQWDQJ� NRQVHQWUDVL� LQVHNWLVLGD�

\DQJ�PHPDWLNDQ� Q\DPXN� XML� GDODP� NLV�

DUDQ� ����� NHPDWLDQ� �� ����� \DQJ� DNDQ�

GLJXQDNDQ� GDODP� XML� ODQMXWDQ� \DQJ� EHU�

WXMXDQ�PHQHQWXNDQ�KXEXQJDQ�DQWDUD�NRQ�

VHQWUDVL�LQVHNWLVLGD�GHQJDQ�NHPDWLDQ�DWDX�

�� 

$VSLUDWRU�9RO����1R����7DKXQ�����������±�� 



 

 

PHPEXDW�NQRFN�GRZQ� �SLQJVDQ��Q\DPXN�

XML� 

6HEDJDL� DFXDQ� GDODP� SHQHQWXDQ�

NRQVHQWUDVL� SDGD� XML� SHQGDKXOXDQ��

GLJXQDNDQ� NRQVHQWUDVL� DQMXUDQ� IRUPXODVL�

LQVHNWLVLGD�� 0HWRQLO� PHQJJXQDNDQ� NRQ�

VHQWUDVL� DQMXUDQ� VHEHVDU� �� PJ�OW�� VH�

GDQJNDQ� .ORUSLULIRV� PHQJJXQDNDQ� NRQ�

VHQWUDVL� VWDQGDU� ���� PJ�OW�� .RQVHQWUDVL�

DQMXUDQ� GLJXQDNDQ� VHEDJDL� NRQVHQWUDVL�

WHUWLQJJL��ODOX�VHGLDDQ�WHUVHEXW�GLHQFHUNDQ�

VHFDUD� EHUVHUL� XQWXN� PHQGDSDWNDQ� VHGL�

DDQ� GHQJDQ� EHEHUDSD� WDUDI� NRQVHQWUDVL�

\DQJ�OHELK�UHQGDK� 

'DWD� NHPDWLDQ� Q\DPXN�$H�� DHJ\SWL�

VHWLDS�SHUODNXDQ�GHQJDQ� UHQWDQJ� WHUWHQWX�

VHODPD� ��� MDP�� GLRODK� GHQJDQ� DQDOLVLV�

SURELW�� SURJUDP� 32/2� 3&��� \DLWX�

PHQJJXQDNDQ�/H�2UD�6RIWZDUH��'DUL�DQ�

DOLVLV� LQL� GLSHUROHK� GDWD� KXEXQJDQ� NRQ�

VHQWUDVL� LQVHNWLVLGD� GDQ� NHPDWLDQ� DWDX�

NQRFN� GRZQ� �SLQJVDQ�� Q\DPXN� XML� PH�

ODOXL� SHUVDPDDQ� UHJUHVL�� 6HODQMXWQ\D�

GLVDMLNDQ�JUDILN�KXEXQJDQ�DQWDUD�NRQVHQ�

WUDVL� LQVHNWLVLGD� GHQJDQ� SHUVHQ� NHPDWLDQ�

Q\DPXN�XML� 

+$6,/ 

3HUODNXDQ� GHQJDQ� PHWRGH� NRQWDN�

DWDX�UHVLGX�LQVHNWLVLGD�SDGD�NHUWDV�VDULQJ�

WHUKDGDS� Q\DPXN� $H�� DHJ\SWL� GHQJDQ�

EHUEDJDL� WLQJNDW� NRQVHQWUDVL� LQVHNWLVLGD�

0HWRQLO� GDQ� .ORUSLULIRV� GLDPDWL� NH�

PDWLDQQ\D� VHODPD� ��� MDP�� .RQVHQWUDVL�

LQVHNWLVLGD�WHUWLQJJL�\DQJ�GLJXQDNDQ�EHU�

GDVDUNDQ� DQMXUDQ� IRUPXODVL�� VHKLQJJD�

EHUEHGD�GHQJDQ�0HWRQLO�GDQ�.ORUSLULIRV��

6HODPD� ��� MDP� VHWHODK� SHUODNXDQ�� NH�

PDWLDQ�DWDX�NQRFN�GRZQ�Q\DPXN�GLKLWXQJ�

SHU� NRQVHQWUDVL� SHU� MHQLV� LQVHNWLVLGD�

�7DEHO���� 

.RQWURO� SDGD�PDVLQJ-PDVLQJ� SHUOD�

NXDQ� KDVLOQ\D� VDPD� \DLWX� WLGDN�

GLWHPXNDQ� NHPDWLDQ� SDGD� Q\DPXN�� 6H�

,QVHNWLVLGD 
.RQVHQWUDVL 

�%DKDQ�$NWLI� 
-PO�/DUYD 

.HPDWLDQ 

1 � 

0HWRQLO 

� �� �� ���� 

� �� � ���� 

� �� � ���� 

� �� �� ���� 

��� �� � ��� 

.RQWURO �� � � 

.ORUSLULIRV 

� �� �� ���� 

� �� �� ���� 

� �� � ���� 

��� �� � ���� 

���� �� ������� ���� 

.RQWURO �� � � 

&DPSXUDQ��0HWRQLO�

GDQ�.ORUSLULIRV� 

� �� � ���� 

� �� � ���� 

��� �� � ���� 

���� �� � ��� 

����� �� � ��� 

.RQWURO �� � � 

7DEHO� ��� 3HUVHQWDVH� .HPDWLDQ� �� .QRFN� 'RZQ� 1\DPXN� $H�� DHJ\SWL� VHODPD� ��� MDP�

3HQJDPDWDQ�SHU�.RQVHQWUDVL�SHU�-HQLV�,QVHNWLVLGD 

�� 

7RNVLVLWDV�,QVHNWLVLGD��������(QGDQJ�3XML�$VWXWL��HW�DO� 



 

 

*DPEDU����*DULV�/LQHDU�$QWDUD�/RJ�.RQVHQWUDVL� ,QVHNWLVLGD�&DPSXUDQ� �2UJDQRIRVIDW� GDQ�

.DUEDPDW��GHQJDQ���.HPDWLDQ�1\DPXN�$H���DHJ\SWL�� 

*DPEDU����*DULV�/LQHDU�$QWDUD�/RJ�.RQVHQWUDVL�,QVHNWLVLGD�0HWRQLO��.DUEDPDW��GHQJDQ���

.HPDWLDQ�1\DPXN�$H��DHJ\SWL� 

*DPEDU� ��� *DULV� /LQHDU� $QWDUD� /RJ� .RQVHQWUDVL� ,QVHNWLVLGD� .ORUSLULIRV� �2UJDQRIRVIDW��

GHQJDQ���.HPDWLDQ�1\DPXN�$H���DHJ\SWL� 

y = 0,301x + 0,398

R2 = 1

0

0,5

1

1,5

2

2,5

log dosis 0,699 1 1,301 1,602 1,903

% kematian 0,071 0,214 0,357 0,571 0,857

0,5 mg/lt 1 mg/lt 2 mg/lt 4 mg/lt 8 mg/lt

y = 0,301x + 0,398

R
2
 = 1

0

0,5

1

1,5

2

2,5

log dosis 0,699 1 1,301 1,602 1,903

% kematian 0,214 0,5 0,643 0,714 0,929

0,25 mg/lt 0,5 mg/lt 1 mg/lt 2 mg/lt 4 mg/lt

�� 

y = 0,301x + 0,398

R2 = 1

0
0,2
0,4
0,6
0,8

1
1,2
1,4
1,6
1,8

2

log dosis

% kematian

Linear (log dosis)

log dosis 0,699 1 1,301 1,602 1,903

% kematian 0,071 0,071 0,143 0,143 0,214

0,375 mg/lt 0,75 mg/lt 1,5 mg/lt 2 mg/lt 4 mg/lt

$VSLUDWRU�9RO����1R����7DKXQ�����������±�� 



 

 

KLQJJD� WLGDN� GLSHUOXNDQ� SHUKLWXQJDQ� NH�

PDWLDQ� WHUNRUHNVL� NDUHQD� NHPDWLDQ� SDGD�

NRQWURO�������� 

.HPDWLDQ� Q\DPXN� SDGD� LQVHNWLVLGD�

0HWRQLO� NRQVHQWUDVL� WHUWLQJJL� DGDODK�

������ GDQ� PHQXUXQ� VHVXDL� NRQVHQWUDVL�

DSOLNDVL��.HPDWLDQ���NQRFN�GRZQ�Q\DPXN�

SDGD� LQVHNWLVLGD� .ORUSLULIRV� OHELK� EHVDU��

GLEDQGLQJNDQ�GHQJDQ�0HWRQLO�\DLWX�VHEH�

VDU� ������ GDQ� PHQXUXQ� NH� NRQVHQWUDVL�

\DQJ� OHELK� UHQGDK��.RQVHQWUDVL� WHUHQGDK�

NHGXD� LQVHNWLVLGD� WHUVHEXW� PHPSXQ\DL�

NHVDPDDQ� \DLWX� NHPDWLDQ� �� NQRFN� GRZQ�

�������6HGDQJNDQ�SDGD�LQVHNWLVLGD�FDP�

SXUDQ� SDGD� NRQVHQWUDVL� WHUWLQJJL� NXUDQJ�

HIHNWLI� NDUHQD� KDQ\D� PHPDWLNDQ� ������

Q\DPXN��SHUVHQ�NHPDWLDQ� �� �NQRFN�GRZQ�

LQL� VDPD� GHQJDQ� NRQVHQWUDVL� WHUHQGDK�

GDUL�0HWRQLO�GDQ�.ORUSLULIRV� 

%HUGDVDUNDQ� GDWD� SURELW� GLKDVLONDQ�

ORJ�GRVLV�SHU�NRQVHQWUDVL� LQVHNWLVLGD�GDQ�

SHUVHQ�NHPDWLDQ�ODUYD��8QWXN�PHQJHWDKXL�

NRUHODVL�DWDX�KXEXQJDQ�DQWDUD�NRQVHQWUD�

VL� GHQJDQ� NHPDWLDQ� �OLQHDU� NRQVHQWUDVL��

GLJDPEDUNDQ� GHQJDQ� *UDILN� ��

�.DUEDPDW��GDQ�*UDILN����2UJDQRIRVIDW��� 

%HVDU� NRUHODVL� \DQJ� GLSHUROHK� SDGD�

LQVHNWLVLGD�.DUEDPDW� DGDODK� U�  � �� ������

GLPDQD� NXDW� KXEXQJDQ� SRVLWLI� \DLWX�

PDNLQ� WLQJJL� NRQVHQWUDVL� LQVHNWLVLGD�

PDND� PDNLQ� WLQJJL� NHPDWLDQ� Q\DPXN��

6DPD� KDOQ\D� GHQJDQ� LQVHNWLVLGD� 2UJD�

QRIRVIDW�PHPSXQ\DL�EHVDU�U� �������GDQ�

FDPSXUDQ� NHGXD� MHQLV� LQVHNWLVLGD� �U�  � ��

������� NHGXDQ\D� MXJD� PHPSXQ\DL� QLODL�

NRUHODVL� SRVLWLI� �KXEXQJDQ� \DQJ� VHEDQG�

LQJ�� GHQJDQ� QLODL� U� \DQJ� PHQGHNDWL� ��

�VHPSXUQD��� 8QWXN� JDULV� OLQHDU� NRQVHQ�

WUDVL� LQVHNWLVLGD� FDPSXUDQ� GLJDPEDUNDQ�

SDGD�*UDILN��� 

+DVLO�DQDOLVD�SURELW�SDGD�LQVHNWLVLGD�

NDUEDPDW� PHQXQMXNNDQ� EDKZD� SHUVD�

PDDQ�UHJUHVLQ\D�DGDODK�\��SURELW�PRUWDOL�

WDV��  � -����� �� ����� [� �ORJ� NRQVHQWUDVL���

6HGDQJNDQ�NRQVHQWUDVL�HIHNWLI�SDGD�/&���

GDQ� /&��� GHQJDQ� VHODQJ� NHSHUFD\DDQ�

�6.�� \DQJ�GDSDW�GLWHULPD�\DLWX�6.�����

NDUHQD�QLODL�J��������VHFDUD�EHUWXUXW-WXUXW�

DGDODK� ������ PJ�O� GDQ� ������� PJ�O�

GHQJDQ�EDWDV�DWDV�GDQ�EDZDKQ\D�� 

,QVHNWLVLGD� RUJDQRIRVIDW� PHQXQMXN�

NDQ� EDKZD� SHUVDPDDQ� UHJUHVLQ\D� DGDODK�

\� �SURELW�PRUWDOLWDV�� ������������[��ORJ�

NRQVHQWUDVL��� 6HGDQJNDQ� NRQVHQWUDVL�

HIHNWLI� SDGD� /&��� GDQ� /&��� GHQJDQ� VH�

ODQJ� NHSHUFD\DDQ� �6.�� \DQJ� GDSDW�

GLWHULPD� \DLWX� 6.����� NDUHQD� QLODL� J� ��

����� VHFDUD� EHUWXUXW-WXUXW� DGDODK� ������

PJ�O� GDQ� ������ PJ�O� GHQJDQ� EDWDV� DWDV�

GDQ�EDZDKQ\D�� 

,QVHNWLVLGD� FDPSXUDQ� GDUL� NHGXD�

MHQLV� LQVHNWLVLGD� GLSHUROHK� SHUVDPDDQ�

UHJUHVL� VEE�� \�  � ����� �� ����� [�� QDPXQ�

KDVLO� SHUKLWXQJDQ� NRQVHQWUDVL� LQL� WLGDN�

VLJQLILNDQ� NDUHQD� QLODL� J� !� ���� VHKLQJJD�

WLGDN� GLSHUROHK� NRQVHQWUDVL� HIHNWLI� \DQJ�

RSWLPDO�� KDO� LQL� GLSHQJDUXKL� MXJD� ROHK�

SHUVHQ� NHPDWLDQ� Q\DPXN� \DQJ� VDQJDW�

NHFLO� SDGD� NRQVHQWUDVL� \DQJ� WHUWLQJJL�

�7DEHO����� 

7DEHO� ��� 7LQJNDW� 7RNVLVLWDV� 'XD� -HQLV� ,QVHNWLVLGD� GDQ� &DPSXUDQ� 7HUKDGDS� /DUYD� $H��

DHJ\SWL��0HWRGH�5HVLGX�.HUWDV�6DULQJ�� 

,QVHNWLVLGD D���6' E���6' 
/&�����6.����� 

�PJ�O� 

/&�����6.����� 

�PJ�O� 

0HWRQLO -����������� ������������ 
����� 

�������±������� 

������ 

�������±�������� 

.ORUSLULIRV 
�������

����� 
������������ 

����� 

�������±������� 

����� 

�������±�������� 

&DPSXUDQ 
�������

����� 
������������ ������� ������� 

6'���VWDQGDUW�GHYLDVL���D��NRQVWDQWD���E��VORSH�JDULV�NHPLULQJDQ 

�� 

7RNVLVLWDV�,QVHNWLVLGD��������(QGDQJ�3XML�$VWXWL��HW�DO� 
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 2UJDQRIRVIDW�GDQ�NDUEDPDW�EHNHUMD�

PHQJKDPEDW� HQ]LP� DVHWLONROLQHVWHUDVH�

�$&K(�� \DQJ� PHQJDNLEDWNDQ� DNXPXODVL�

DVHWLONROLQ� �$&K��� $VHWLONROLQ� \DQJ�

GLWLPEXQ� GDODP� 6LVWHP� 6\DUDI� 3XVDW�

�663�� DNDQ� PHQJLQGXNVL� WUHPRU��

LQNRRUGLQDVL�� NHMDQJ-NHMDQJ� GDQ� ODLQ� -

ODLQ��GD\D�DILQLWDV� LQVHNWLVLGD� LQL�PDPSX�

PHQJLNDW� HQ]LP� $&K(� VHKLQJJD� DVHW�

LONROLQ� VHEDJDL� SHQJKDQWDU� LPSXOV� UDQJ�

VDQJDQ� GDUL� SUH� NH� SRVW� VLQDSV�

�QHXURWUDQVPLWWHU�� NHUMDQ\D� OHELK� EHUDW�

NDUHQD� WLGDN� GDSDW� GLSHFDK� ROHK� HQ]LP�

$FK(��%HEHUDSD�RUJDQRIRVIDW�ODUXW�GDODP�

DLU�� PHQJDNLEDWNDQ� NHUDFXQDQ� VLVWHPLN�

SDGD� VHUDQJJD� GDQ� PDPDOLD�� *RORQJDQ�

RUJDQRIRVIDW� KDPEDWDQQ\D� UHODWLI� VWDELO�

VHKLQJJD� OHELK� EHUEDKD\D�� VHGDQJNDQ�

NDUEDPDW� KDPEDWDQQ\D� UHODWLI� OHSDV�

�UHYHUVLEOH���� 

+DVLO� SHQHOLWLDQ� \DQJ� WHODK� GLO�

DNXNDQ� SDGD� LQVHNWLVLGD� EHUEDKDQ� DNWLI�

NDUEDPDW��PHWRQLO��SDGD�Q\DPXN�$H��DH�

J\SWL��NRQVHQWUDVL�\DQJ�GLEXWXKNDQ�XQWXN�

/&���������PJ�O�GDQ�/&���VHEHVDU��������

PJ�O�� +DVLO� LQL� PDVLK� WHUODOX� EHVDU� MLND�

GLEDQGLQJNDQ� GHQJDQ� /&��� XQWXN� ODUYD�

&XOH[� TXLQTXHIDVFLDWXV� \DLWX� VHEHVDU�

����� PJ�O�� 0HWRGH� NRQWDN� SHUHQGDPDQ�

LQL� OHELK� PXGDK� PDVXN� NHGDODP� WXEXK�

ODUYD� NDUHQD� WHUFDPSXU� GHQJDQ� DLU���� VH�

GDQJNDQ� PHWRGH� UHVLGX� PDVXN� PHODOXL�

NRQWDN� EHEHUDSD� EDJLDQ� WXEXK� DWDX� PH�

ODOXL� SHUQDIDVDQ� VHKLQJJD� NRQVHQWUDVL�

\DQJ�GLEXWXKNDQ�OHELK�EHVDU� 

,QVHNWLVLGD� EHUEDKDQ� DNWLI� RUJD�

QRIRVIDW� OHELK� NHFLO� NRQVHQWUDVLQ\D� GD�

ULSDGD�NDUEDPDW��EHQWXN� ILVLN�GDUL�NHGXD�

LQVHNWLVLGD� LQL� MXJD� EHUEHGD�� .ORUSLULIRV�

�RUJDQRIRVIDW�� EHUEHQWXN� FDLU� GDQ� OHELK�

EHUEDX�� VHGDQJNDQ� 0HWRQLO� �NDUEDPDW��

EHUEHQWXN� SDGDW��.RQVHQWUDVL� HIHNWLI� WHU�

KDGDS� Q\DPXN� $H�� DHJ\SWL� GLEXWXKNDQ�

QLODL� \DQJ� OHELK� NHFLO� GLEDQGLQJNDQ� NDU�

EDPDW�XQWXN�/&���\DLWX�VHEHVDU������PJ�

O��+DVLO�LQL�VDPD�GHQJDQ�SHQHOLWLDQ�3XML�HW�

DO� �������EDKZD�NORUSLULIRV� OHELK� HIHNWLI�

PHPEXQXK� ODUYD� &�� TXLQTXHIDVFLDWXV�

GLEDQGLQJNDQ�GHQJDQ�0HWRQLO��� 

,QVHNWLVLGD� FDPSXUDQ� DQWDUD� NHGXD�

LQVHNWLVLGD�LQL�WHUKDGDS�NHPDWLDQ�Q\DPXN�

WLGDN� HIHNWLI� NDUHQD� GHQJDQ� NRQVHQWUDVL�

\DQJ� WLQJJL� �� PJ�OW� EHOXP� PDPSX� PH�

PDWLNDQ� Q\DPXN�� NHPDWLDQ� PDVLK�

GLEDZDK� ����� .RQVHQWUDVL� HIHNWLI� \DQJ�

GLEXWXKNDQ�SDGD�/&��� VDQJDW�EHVDU�\DLWX�

�������PJ�O��+DVLO�LQL�PHPEXNWLNDQ�EDK�

ZD� NHGXD� LQVHNWLVLGD� LQL� DSDELOD� GLFDP�

SXUNDQ� WLGDN� EHUVLIDW� VLQHUJLV�� +DVLO� LQL�

EHUEHGD� GHQJDQ� SHQHOLWLDQ� 3XML� HW� DO�

������� � EDKZD� LQVHNWLVLGD� FDPSXUDQ�

�NORUSLULIRV� GDQ� PHWRQLO�� WHUKDGDS� NH�

PDWLDQ� ODUYD� &�� TXLQTXHIDVFLDWXV� OHELK�

UHQGDK�GLEDQGLQJNDQ�GHQJDQ�PHWRQLO��� 

+DVLO� SHQHOLWLDQ� LQL� PDVLK� NXUDQJ�

MLND� GLEDQGLQJNDQ� GHQJDQ� SHQJJXQDDQ�

PDODWKLRQ� �RUJDQRIRVIDW�� SDGD� SHQHOLWLDQ�

XML� VXVFHSWLELOLW\� \DQJ� GLODNXNDQ� QXVD� HW�

DO�� ����� EDKZD� Q\DPXN� $H�� DHJ\SWL� GL�

'HSRN�PDVLK� UHQWDQ� WHUKDGDS� LQVHNWLVLGD�

LQL�GHQJDQ�NHPDWLDQ�PHQFDSDL����������� 

.(6,038/$1�'$1�6$5$1 

+DVLO� SHQHOLWLDQ� \DQJ� WHODK� GLO�

DNXNDQ� SDGD� LQVHNWLVLGD� EHUEDKDQ� DNWLI�

RUJDQRIRVIDW� �NORUSLULIRV�� WHUKDGDS� NH�

PDWLDQ�NQRFN� GRZQ� Q\DPXN� $H�� DHJ\SWL�

OHELK� EDLN� \DLWX� /&��� \DQJ� GLEXWXKNDQ�

OHELK�NHFLO�\DLWX������PJ�O��NORUSLULIRV�� ��

������PJ�O��PHWRQLO���.RQVHQWUDVL�HIHNWLI�

SDGD�LQVHNWLVLGD�FDPSXUDQ�\DQJ�GLEXWXK�

NDQ�VDQJDW�EHVDU�SDGD�/&���\DLWX��������

PJ�O�� +DVLO� LQL� PHPEXNWLNDQ� EDKZD�

NHGXD� LQVHNWLVLGD� LQL� DSDELOD� GLFDPSXU�

NDQ�WLGDN�EHUVLIDW�VLQHUJLV� 

3HQJHQGDOLDQ� VHFDUD� NLPLD� GHQJDQ�

PHQJJXQDNDQ� LQVHNWLVLGD� KDUXV� WHWDS�

PHPSHUKDWLNDQ� DVDV-DVDV� SHQJHQGDOLDQ�

\DLWX� DPDQ�� PXGDK�� HIHNWLI�� HILVLHQ�� UD�

VLRQDO�GDQ�GDSDW�GLWHULPD�PDV\DUDNDW�� 

%HUEDJDL� SHQJXMLDQ� HILNDVL� WRNVLVL�

WDV�LQVHNWLVLGD�KDUXV�PHPSHUKDWLNDQ�WLQJ�

NDW� NHWHOLWLDQ� GDQ� SURVHGXU� \DQJ� EHQDU�

�� 

$VSLUDWRU�9RO����1R����7DKXQ�����������±�� 



 

 

VHUWD� SHUOXQ\D� PHODNXNDQ� SHQJDZDVDQ�

WHUKDGDS�SHPDNDLDQ� LQVHNWLVLGD�GL� ODSDQ�

JDQ� XQWXN� PHQFHJDK� WHUMDGLQ\D� NHUXVD�

NDQ� OLQJNXQJDQ��NHVHKDWDQ�GDQ� UHVLVWHQVL�

VHUDQJJD�LWX�VHQGLUL� 

'$)7$5�3867$.$ 

�� 6WRFNHU��8ZH�GDQ�5HQH�GH�-RQJ��������

3UHYHQWDWLYH�0HDVXUHV� DJDLQVW� 'HQJXH�

)HYHU�� ZZZ�H[SDW�RU�LG�PHGLFDO�

GHQJXH�KWPO� 

�� .DZDGD�� +LWRVKL�� 6XPLKLVD� +RQGD� GDQ�

0DVDKLUR� 7DNDJL�� ������ &RPSDUDWLYH�

/DERUDWRU\� 6WXG\� RQ� 7KH� 5HDFWLRQ� RI�

$HGHV� DHJ\SWL� DQG� $HGHV� DOERSLFWXV� WR�

'LIIHUHQW� $WWUDFWLYH� &XHV� LQ� 0RVTXLWR�

7UDS�� -��0HG�� (QWRPRO�� ��� ���� �� ���� ±�

���� 

�� '(3.(6� 5,�� ������ /DSRUDQ� .DVXV�

'HPDP� %HUGDUDK� 'HQJXH�� 6XEGLW� $U�

ERYLURVLV�� 'LWMHQ� 33	3/�� '(3.(6� 5,�

-DNDUWD� 

�� /DZX\DQ��6��������'%'�GL�.RWDPDG\D�

6XUDED\D��'LDMXNDQ�SDGD�VHPLQDU�VHKDUL�

'%'�GL�7'5&�).�81$,5��6XUDED\D� 

�� 6WHSKHQVRQ��-RKQ�5��������8QGHUVWDQG�

LQJ�'HQJXH�3DWKRJHQHVLV���,PSOLFDWLRQV�

)RU� 9DFFLQH� 'HVLJQ�� %XOOHWLQ� RI� 7KH�

:RUOG� +HDOWK� 2UJDQL]DWLRQ� �������-

���� 

�� %URRNH�� %�'�*� HW� DOO�� ������ %LRDVVD\�

DQG�%LRFKHPLFDO�$QDO\VLV�RI�,QVHFWLFLGH�

5HVLVWDQFH�LQ�6RXWKHUQ�$IULFDQ�$QRSKH�

OHV� IXQHVWXV� �'LSWHUD� �� &XOLFLGDH��� $E�

VWUDN�� %XOHWLQ� (QWRPRORJ\� 5HV�� ���� ±�

���� 

�� :LGLDUWL�� 'DPDU� 7�%��� 8PL� :��� 0X�

MLRQR�� ������ 8ML� ELRNLPLD� NHUHQWDQDQ�

YHNWRU�PDODULD�WHUKDGDS�LQVHNWLVLGD�2U�

JDQRSKRVSKDW� GDQ� .DUEDPDW� GL� 3URS��

-DZD� 7HQJDK� GDQ�',<�� /DSRUDQ� $NKLU�

3HQHOLWLDQ� ',3� 7�$�� ������ %DODL�

3HQHOLWLDQ�9HNWRU�GDQ�5HVHUYRDU�3HQ\D�

NLW�6DODWLJD� 

�� 5DKD\X�� 6UL�� 0�6RHGDU\DQWR�� 'MRNR�

0RHOMRQR�� 6RIL� 3HUPDQD�� )DWFKL\DK��

������ 3HQJDUXK� SHPEHULDQ� NDUEDPDW�

WHUKDGDS� SHUNHPEDQJDQ� HPEULR�PHQFLW�

>0XV�0XVFXOXV@��'LJLWDO�/LEUDU\�/LQNV��

$Q�2$,�5HSRVLWRU\��FRPLQJ�IURP�&HQ�

WUDO� /LEUDU\� RI� %UDZLMD\D� 8QLYHUVLW\��

0DODQJ��/DSRUDQ�3HQHOLWLDQ� 

�� 1XU\DQDK�� (Y\�� ������ 'DPSDN�

3HQJJXQDDQ� 3HVWLVLGD� 7HUKDGDS�

3HQXUXQDQ�$NWLYLWDV� (Q]LP�$VHWLONROLQ�

HVWHUDVH� 3DGD� 3HWDQL� %DZDQJ� 0HUDK��

^7HVLV`�� 3URJUDP� 6WXGL� 3HQJHORODDQ�

6XPEHU� 'D\D� $ODP� GDQ� /LQJNXQJDQ��

,3%��%RJRU��+DO��������-��� 

��� 3ULMRQR�� 'MRNR�� 0RGXO� 3UDNWLNXP�

7RNVLNRORJL�,QVHNWLVLGD��3HQJXMLDQ�7RN�

VLVLWDV�,QVHNWLVLGD���%RJRU���'HSDUWHPHQ�

3URWHNVL� 7DQDPDQ�� ,QVWLWXW� 3HUWDQLDQ�

%RJRU������� 

��� )XQQH\� '-�� � 3URELW� $QDO\VLV�� �UG� HG��

&DPEULGJH�8QLY�3UHVV������� 

��� )UDQN�� &�/X�� ������ 7RNVLNRORJL� 'DVDU�

�$VDV�� 2UJDQ� 6DVDUDQ�� GDQ� 3HQLODLDQ�

5HVLNR���3HQHUELW�8QLYHUVLWDV�,QGRQHVLD��

-DNDUWD� 

��� 3XML��(QGDQJ��7LWLQ�'HOLD��<XQHX�<XOL�

DVLK�� 0DUOLDK�� 7RNVLVLWDV� ,QVHNWLVLGD�

2UJDQRIRVIDW� GDQ� .DUEDPDW� WHUKDGDS�

-HQWLN� 1\DPXN�&XOH[� TXLQTXHIDVFLDWXV��

$VSLUDWRU���������9RO����1R��� 

��� 1XVD�� 5R\�� 0DUD� ,SD�� 7LWLQ�� 0DUOLDK��

������3HQHQWXDQ� 6WDWXV� 5HVLVWHQVL� 6WD�

WXV� � $HGHV� DHJ\SWL� � GDUL� 'DHUDK� (Q�

GHPLV� '%'� GL� .RWD� 'HSRN� WHUKDGDS�

0DODWKLRQ�� /DSRUDQ� 3HQHOLWLDQ�� /RND�

/LWEDQJ�3�%��&LDPLV� 

 

�� 

7RNVLVLWDV�,QVHNWLVLGD��������(QGDQJ�3XML�$VWXWL��HW�DO� 


